5.2.1 Thermoelectric Power Plant (A)

(1) Power QGeneration Boiler (No.1)

1) Specification of facility

Model

Capacity _

Draft and wventilation

Size of furnace

Nurﬁbcr and layout of burner
Furnace pressure

Ancillary facility

Water-tube boiler (iangential firing)
476 ton/hr

Forced draft

7,900W x 7,900 x 18,500H

5 stages x 4 = 20
+150 mmAgq
Air prehcaﬁer (110 ~ 240°0C)

2) Specification of burner

Model

‘Type of fuel

Fuel consumption

Fuel pressure

Atomizing pressure
(Fuel ratio in calory during survey :

Gas-oil combination: Gas: Lance type

Qil: Internal mixing type

Natural gas and heavy oil

1,620 Nm3/hr/burner (natural gas)
1,620 /hr/burper (heavy oil)

Natural gas : 1kg/em?g,

Heavy_oil : 8 kgfem2g

3) Analytical data of flue gas

Natural gas :

10 kg/cm?g (steam)

95%, Heavy oil: 53%)

(Stack sampling data) 15:30/Load is apﬁrox. 91%_of ratin (Emission)

NOx (ppm)* | 156 {Particulate matter (g/Nm3) '0.645 kg/hr
02 (%) 3.6 -|Flue gas tefnéeraiure °C) 159 NOx 140
CO (%) <0.05 | Combustion chamber outlet 02(%) | 1.3 sop* 110
COy (%) 8.3 Particulate 19

NOx at rated operation is estimated to be 156 ppm (154 kg/hr).

*  Converted to the condition of oxygen concentration at 5%.

** (Calculated from sulfur content of fuel
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4) OGbservation

3)

This is a tangential firing CE boiler. At the four corners of the horizontal
section of the boiler, burners are installed to spray fucl in the off-center
orientation. The flames form a fire ball swirling in the horizontal planc.
Four burners in one plane form a set, and in the boiler, 5 sets of bumners,
20 in total, are installed vertically.  All the burners are gas/heavy-oil

mixed combustion type.

At the time of the survey, 18 burners were buming natural gas, and only

one was buming heavy oil. The natural gas to heavy oil ratio was 95:5.

The NOx concentration of 156 ppm- as given by the anélysis is average for
natural gas combusiion, but in view of the la.rge size of this boiler, it may
be considered a little too high. This NOx concentration is higher than those
of the No. 2 and No. 3 boilers, which employ similar tangential firing type.
The essential difference beiween these boilers is that the No. 1 boiler does
not have a flue gas circulation fan to regulate temperature of the

combustion chamber.

The low PM concentration of 45 mgINm3 is normal for this boiler with 95%
gas. The flue gas O concentration of 1.3% indicatcs a proper air ratio for a

large boiler.
Countermecasurcs
i) Retrefitting of combustion equipment

(a) Complete automatic operation with the installation of combustion
control and 'safety control instruments

{b) Low air ratio combustion through continuous monitoring of the
flue gas Oy concentration

{c} Quasi 2-stage combustion (burner-cut method) or - in-furnace

denitration combustion
(d) Exhaust gas recirculation by installing the flue gas blower
ii) Fuel change
(a) Mixed combustion with 50% natural gas and 50% heavy oil up to the

supply start of desulfurized heavy oil
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(b)

Mixed combustion with 50% natural gas and 50% desulfurized
heavy oil when supply of desulfurized heavy oil is started. The use
of desulfurized heavy oil emulsion should be taken into

consideration after thorough demonstration tests.

iii} Regular monitoring of the flue gas by installing the NOx and SO,

telemeters

iv) When thé¢ heavy oil mixing ratio is increased over the current level, the

installation of an electrostatic precipitator equipped with an ammonia

injection system is desired.

6) Expenses for retrofitting of the combustion unit (boiler)

“i) Foreign portion
. (US$)
(a) Survey and design 1 set 69,200
(b) Flue gas recirculation fan 1 set 34,600
(¢) Combustion control system
and instrumentation 1 set 307,700
(d) Safety control system I set 230,800
(e) On-site work supervision 1 set 69,200
(f) On-site instruction for lest operation 1 set 15,400
{g) Package and freight I set 64,600
{h) Travelling 1 set 43,000
(i}__ Unexpecied cxpenses (5% of the above) 44220
Sub-total 928,720
ii) Local portion

(US$)
(j) Bumer and duct removal 1 sct 153,800
(k) Duct fabrication 1 sei 369,000
() .Bui-ner, duct, fan installation 1 set 153,800
{m) Test operation and adjustment 1 set 9,200
(n) Customs and other taxes 1 set 175,000

(o) Warehouse, customs clearance,
and land freight (incl. IVA) 1 set 18,000
(p) Freight of duct, etc. and crane rental 1 set 13,000
() IVA (15% ¢xcl. n + 0) _ 104.820
Sub-total 996,620
Total US$ 1,925,340
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(2) Power QGencration Boiler (No.2 and No.3)

1) Specification of facility

Model o © Water-tube boiler (tangential firing)
Capacity 504 ton/hr
Draft and ventilation Forced drafi
Size of furnace 9,000% x 9,0000 x 2,400H
Number and layout of bumer 6 stages x 4 =24
Furnace pressure +450 mmAq (No. 2 boiler),
+300 mmAg (No. 3 boiler)
Ancillary facility Air preheater (110 —  350°C)

Flue gas recirculation fan for in-furnace

temperature rcguiatidn ¢ 7,650 Nm3/min

2) Specification of burner
Model ' Gas-oil mixed combustion system
Gas : - lance .type,
Heavy oil : mechanical atomizing returmn flow

type
Type of fuel ' Natural gas and heavy oil -
Fyel consumption ‘ Natural gas : 2,200
Nm 3/he/buraer, .
Heavy oil 2,160 1/hr/burner
Fuel pressure Natural gas : 1 kg/’cng, Heavy. oil: 50
kgIszg '
Fuel ratio at the time of survey in calorific value ratio:
i) No. 2 boiler, condition 1 Natural gas - 97%,
 Heavy oil 3% (4 Sept. 1990  13:00)
ii) No. 2 boiler, condition 2 Natural gas 45%,
Heavy oil 55% (13 Sept, 1990 14:00)
iiiy No. 3 boiler, condition 1 - Natural gas 60%, .

Heavy oil 40% (14 Nov. 1990 15:00)
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3) Analytical data of flue gas

i) No. 2 boiler, condition 1: Natural gas 97%, Heavy oil 3%

.(Stack sampl.ng data) 13:'00/.Load:i's approx. 92% of ratiag {(Emission) |
NOx (ppm)* 83 f’ariiculatc matter (g/Nm3) 0.0047 | ' kg/hr
02 (%) | 4.5 |Fluc gas temperatwre (°C) 171 NOx 75
co (%j <0.05 | Combustion chamber outlet 02 (%) | 3.8 Sop** 60
Cor (%) | 8.4 S Particulate| 2.0

NOx at rated operation is estimated to be 83 ppm (82 kg/hr).
* Converted to oxygen conceniration of 5%.

% Calculated from analytical value of fuel

ii) No. 2 boiler, condition 2: Natural gas 45%, Heavy .0il 55%

(Stack sampling data) _ 14:00/Load is approx. 100% of ratin (Emission)

| NOx (ppm)* | 103 | Particulate . matter (a/Nm3) 0.47 kg/hr
02 (%) 5.3 |Fiue gas. temperature (°C) 152 NOx 100
CO (%) <0.05 | Combustion chamber outlet 02 (%) e:tlfn sop™* 1,400
COq (%) 9.8 Particulate | 240

* Converied to oxygen concentration of 5%.

* % (Cajculated from analytical value of fuel

iii) No. 3 boiler, condition'1: Natural gas 60%, Heavy oil 40%

{Stack sampling data) 15:00/Load is_ approx. 93% of rating {Emission)
NOx (ppm)* | 143 | Particulate matier (g/Ntﬁg) - kg/h
02 (%) | 8.4 |Flue gas temperature (°C) 132 NOx 150
Co (%) <0.05 | Combustion chamber outlet 02 (%) | ¢3 so** | 1,100
Co2 (%) | 1.3 _ Particulate| -

NOx at rated operation is estimated to be 143 ppm (161 kg/hr).
*  Converied 10 oxygen concentration of 5%.

* % Calculated from analytical value of fucl
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4) Observation

The No. 2 and No. 3 boilers arc both the tangential firing types of the same
model and same size. Six sets of burners, 24 in total, each set consisting of 4
corner burners, arc installed in cach boiler: the bottom 2 scts burn only
natural gas, the 3rd and 4th burn gas and oil, and the top two (5th and 6th)

burn only heavy oil.

At the time of the diagnoslic survey, the top two sets of oil bumers were out
of operation, and only the 1st to 4th sets from the bottom were in operation.
The top two sets of heavy oil burners were said to have their air regisiers
fully closed, but there were some leaks. This mode of operation is called

quasi 2-stage combustion or burner cut method.

In the No.2 and No. 3 boilers, a flue gas recirculation fan is installed for
regulation of the boiler interior temperature. 'On the day of the survey, the
fan was in operation and flue gas was in circulation, although the flow rate
was unknown. The flue gas is introduced into the boiler not through the
burner resister together with combustion air, but directly from the boitom
of the boiler into the combustion chamber. Since this recirculation system
is not intended for NOx reduction, the NOx reduction effect is not known.
However, while only the botiom bumer sets are in operation, substantial

NOx reducing effects are expected.

The measured PM concentration for the No. 2 boiler under condition 1,
buming 97% gas, is satisfactory at large. The low NOx concentration at 83
ppm is considered to be due to the 2-stage combustion and the flue gas

recirculation, as explained above.

To determine the level of increase in the NOx concentration due to the
increase of heavy oil, the flue gas was analyzed after increasing the oil
ratio to the samc level of that of natural gas, as in the condition 2 for the
No. 2 boiler and the condition 1 for the No. 3 boiler. The PM concentration
was sharply increaseed with the increase of the heavy oil ratio. The NOx
concentration also increased; this was ascribed 10 the increased generation
of fuel NOx resulting from the increased heavy oil. The change was not
simple, however, and the NOx concentraiion varied also with the O
concentration in the flue gas. The reason for the lower NOx concentration
with 55% hcavy oil than with 40% heavy oil is that the air ratioc was lower
at 1.28 (O3 : 4.6%) for 55% heavy oil than that at 1.43 (02 : 6.3%) for 40%
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heavy oil. Because the NOx - air ratio relation is that the NOx
concentration increases with increase in the air ratio, the increase in NOx
by the increased air ratio for 40% hcavy oil superceded the decrease in fuel
NOx brought about by the decreased amount of heavy oil.

The flue gas O levels of 3.8% to 6.3% indicate improper air ratios for a
large boiler. Reduction to below 2% to a proper air ratio is recommended.
Note that for oil combustion, the air ratio should be higher than that for

gas. combustion.

5) Countermeasurcs
t) Retrofitting of combustion equipment

{a) Complete automatic operation with the installation of combustion

control and safety control instruments

{b) Low air ratic combustion through continwous monitoring of the
flue gas Oy concentration

{c) Exhaust gas rccirculation by iastalling flue gas blower

{(d) Quasi 2-stage combustion (burner cut inelhod) or in-furnace

denitration combustion
ii) Fuel change

(a) Mixed combustion with 80% natural gas and 20% heavy oil up to the
supply start of desulfurized heavy oil

(b) Mixed combustion with 50% natural gas and 50% desulfurized
heavy oil when supply of desulfurized heavy oil is started. The use
of decsuifurized heavy oil emulsion should be taken into

consideration after thorough demonstration tests.

iii) Regular monitoring of the flue gas by installing the NOx and SO,

telemetiers -

iv) When the heavy oil mixing ratio is increased over the current level, the
installation of an electrostatic precipitator equipped with an ammeonia

injection system is desircd.
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6) Expenses for retrofitting of the boilers (No.2 and No.3)

The existing flue- gas recirculation blower will be used, and the cost will be

excluded from the estimation.

i) Foreign portion

_ - (US$)
{a}) Survey and design 1 set _ 69,200

(b) Combustion control system =
and instrumentation 1 set 307,700
{c) ._Safely control system 1 set 230,800
(d) On-site work supervision 1 set 69,200
(¢) On-site instruction for test operation | 1 set 15,400
(f) - Package and freight 1 set 37,700
(g:). Travelling : 1set 43,000
(h) Unexpected expenses (5% of the above) : : 38.650
Sub-total _ 311,650

ii) Local portion
) (US$)
(i) Bumer and duct rcmoval 1 sct 153,800
(j) Duct fabrication 1 set 369,000
(k) Burner, duct, fan installation 1 set 123,800
(1) Test operation and adjustment 1 sot 9,200
(m) Customs and other taxes 1 set '147.000
(n) Warehouse, customs .clcar:an'c&_:,

and land freight (incl. 1VA) 1 set 11,900
(o) Freight of duct, etc. and crane rental 1 set 11,560
(p) __IVA (15% excl. m + n) ' ) 100.100
Sub-total | | 926,300
Total 2 x 1,737,950 = _ : US$ 3,475,900



(3) Power Generation Boiler (No.4)

1) Specification of facility

Model

Capacity

Draft and ventilation

Size. of furnace

Furnace pressure

Ancillary facility

Water-tube  boiler (opposed firing)

900 ton/hr
~ Forced draft

9,745W x 9,7450 x 32,018H

Number and layout of bumer  Front :

3stagex3=9
Rear : 2stagex3=06
Total 15 burners
+300 mmAg

‘Recuperator (75 — 280°C) x 2
Flue gas recirculation fan for furnace

interior temperature regulation
1,588 Nm3/min x 2

_2)'Specification of burner

Model

Type of fuel

Fuel consumption

Fuel pressure

Atomizing pressure:

Gas-0il mixed combination: Gas: lance,

Oil: Y-jet mixing

Natural gas and heavy oil

Natural gas

5,600 Nm3/hr/burner

Heavy oil : 3,125

Natural gas

Heavy oil : 10 kg/cng
18. kg/cn_lzg (steam)

I/he/burner

1 kg/cng ,

(Fuel ratio during survey was 89% gas to 11% oil on the calory base.)

3) Analytical data of flue gas

-{Stack sampling  data) .' 15:00/Load is approx. 92% of rating

NOx at rated operation is estimated to be 170 pp'm (260 kg/hr).

*  Converted to oxygen conceniration of 5%,

**  Calculated from analytical value of fuel

(Emission)
NOx (ppm)* | 170 | Particulate matter (g/Nm3) 012 kg/hr
02 (%) | 7.0 |Flue gas temperature (°C) 182 NOx 260
Co (%) 0.10 C(I)mbus.tion cﬁ.amber outlet O3 (%) 1.6 soy™ 420
CO2 (%) 6.6 Particulate| 100




4) Observation

5

This boiler is the largest in this station, and is different in type from the
other three. It is a B&W boiler, with two opposed burner sets, front and

rear, in conirast to the tangential type used in the No. 1 to No. 3 boilers.

Ljungsirom rotary regenerative air preheaters are usually used for large
boilers.  Tyis type consists of many rotating disks. Through the spaces
among the disks, hot flue gas passes on the right side, for example, while
cold air flows on the left side. Heat is transferred via the rotating disks
from the ihigh-tcmperature‘ exhaust gas to low temperature air. " Because of
its extreme compaciness, this system is used in many large and medium
sized boilers. Leakage is a major ‘drawback. = Leaks from the recuperator of
this type used in the No. 1 to No. 3 boilers were relatively small. But for this
No. 4 boiler, alihough the 02 conceniration at the combustion chamber

outlet was low at 1.6%, the CO concentration was 1,000 ppm, and the O2

concentration in the stack was 7%.

The NOx concentration was 170 ppm, which is the highest among the
boilers in this station, despite the gencration of CO. ~The opposed

‘combustion mode has no flame cooling effect nor flue gas recirculation

effect like the tangential combustion type, and the higher NOx
concentration is considered unavoidable. The boiler was equipped with the
flue gas recirculation fan to control interior temperature. Since the fan
was not operated on the day of the survey, it may be another cause for the

high NOx concentration.

The PM conceniration of 120 mgINm3 is considered 1o be a little too high
for the fuel ratio of heavy oil at 11% and gas at 89%.. The generation of a

- considerable amount of CO indicates the. possibiliiy of _incomplete

combustion resulting from insufficient air. Co_mbustibn control including
installation of a recuperator is urgently necded.

Countermeansures

i) Retrofitling of combustion equipment

(a) Complete aulematic operation with the installation of combustiion

control and safety control instruments



(b) Low air ratic combustion through continuous monitoring of the
flue gas Oy conceniralion

(¢) Exhaust gas recirculation by installing flue gas blower

(d) Quasi 2-stage combustion (burner cut method) or in-furnace

denitration combustion
ii} Fuel change

(a) Mixed combustion with 80% natural gas and 20% heavy oil up to the
supply start of desulfurized. heavy oil

{b) Mixed combustioin with 50% natural gas and 50% desulfurized
heavy oil when supply of desulfurized heavy oil is started. The use
of desulfurized heavy oil ec¢mulsion should be taken into

consideration after thorough demonstration tests.

iii) Regular monitoring of the flue gas by installing the NOx and SO,

telemeters

iv) When the heavy oil mixing ratio is increased over the current level, the

installation of an eclectrostatic precipitator- is dcsired.
6) Expenses for retrofitting of the boiler (No.4)

The existing flue gas recirculation blower will be used, and the cost will be

excluded from the estimation.

i) Foreign 'portion

(Us$)
{a) Survey and design 1 set 34,600

(b) Burner and register (3,200 1/hr) 15 units plus
4 units of sub-burner 1,557,700

(¢) Combustion control system

-and  instrumentation 1 set 623,000
(d) . Safety control system, ' 1 set 467,300
(e¢) On-site . work supervision 1 sct 69,2060
(f) On-shie instruction for test operation 1 set 23,000
(g) Package and freight 1 set 204,600
(h) Travelling o 1 set 43,000
(i} _Unexpected expenses (5% of th.c above) 153,620

Sub-total 3,226,020



it) Local . portion

(4) Regular Monitoring of the Flue Gas by Installing NOx

(No.1 through No.4 boiler stacks)

Installation expenses for the flue gas telemeter

i) Foreign portion

i)

(USH)

(j) Burner and duct removal 1 set 153,800
(k) Flue gas recirculation duct instailation 1 set 443,100
(1) Burner, duct, fan installation 1 set 123,800
(m) Test operation and adjustment 1 set 9,200
(n) Customs and other taxes . ' 1 set 811,650
(o) Warchouse, customs clearance, :
and land freight (incl. IVA) 1 set 63,300

(p) Freight of duct, etc. and cranc rental 1 set 13,000
(q) IVA (15% excl. n 4 0) 111,400
Sub-total 1,729,250

Total US$ 4,955,270

and S0y Telemeters

(US$)
(a) Survey and design 1 set 9,400
(b} Instruments (SOx, NOx, Oy) 4 sets 237,200
(c) Auxiliary units 4 sets 82,100
(d) Data logger i set 17,900
(e¢) On-site work supervision 1 sel 8,500
(f) Instruction for test operation 1 set 4,700
(g) Package and freight 1 set 51,800
(h) Travelling 1 set 12,400
(i) Unexpected expenses (5%_on above) 21,200

Sub-total 445,200

Local portion

(Us$)
(i) Materials _ 1 set 8,400
(k) Survey assistant 1 set 1,800
{1) Installation work 1 set

8,200



m) Test operation and adjustment 1 set 2,400

(n) Vehicles 1 set 3,300

{o) Customs and other taxes 1 set 92,060
(p) Warehouse, customs clearance,

land freightage, etc. I set 8,360

(q) _IVA (15% excl. o and p) 3.620

Sub-total 128,140

Total USS 573,340

(The expenses for telephone installation and the central receiving unit

are not included.)

(5) Expenses for Installation of Electrostatic Precipitators (EP) Equipped With

Ammonia Injection System

i) Foreign portion

(US$)
{a) Survey and design 1 set 320,000
(b) EP. 4 sets 26,715,000
(¢)- Ammonia injcction sysiem 4 sets 5,377,000
{d)} Ash disposal systcm 4 sets 4,980,000
(e) Ammonia gas cylinder 100 pes 346,000
(f) On-site work supervision 1 set 950,000
(g) Instruction for test operation 1 set 102,000
(h) Package and freight 1 set 165,000
(i) _Unexpected expenses (5% on above) 1.948.000
Sub-total 40,904,000
Local portion

(US$)
{(j)  Foundation work 1 set 240,600
(k) Installation work 1 set 7,150,000
(1) Electric work - 1 set 1,450,000
{m) Hecat insulation 1 set 2,800,000
{(n) Test operatioﬁ and adjustment 1 set 125,000
(o) Cuétoms and other taxes 1 set 14,518,000

(p) Warehouse, customs clearance,
land freight | 1 set 2,086,000
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(a) VA (15% excl. o and p)
(r) Interest [Forcign portion + (k+l+meq) x ;—

1,915,000

+it+o+plx0,08 5,193.000
Sub-total 36,477,000
Total US$ 77,381,000

{6) Reference

Installation expenses for the W/O type cmulsifier
{C-class heavy oil emulsifier in Japan)
3 sets of 20m3/hr unit and 1 set of 30m3/hr unit

i} Forcign portion

(US$)
(a) Design 1 set 15,400
(b) Stirrer (20m3/hr) 3 scis 923,000
(c) Stirrer (30m3/hr) 1 set 461,500
(d) Valve, cock, eic. 1 set 34,600
{(e) On-site work instruction 1 set 15,400
(f) Test operation supervision 1 set 6.200
(g) Package and freight 1 set 42,200
(h} Travelling 1 set 22,500
(i) Unexpecied expenses (5%) 76,000
Sub-total 1,596,800
ii) Local portion

(US$)
(j) Tank 4 sets 24,600
(k) Piping 4 sets 30,800
{1) Iustallation work. 1 set 7,700
(m) Test . operation 1 set 5,400
(n) Customs and other taxcs 1 set 187,400
(o) Warchouse, customs clearance, freight 1 set 32,000

(incl. IVA)
(p) Crane car, fork truck, etc. 15;400
(q) _IVA (15% cx¢l. n_and o) 12,600
Sub-total 515,900

Total

US$ 2,112,700



(7) Summary of Pollution Control Mecasures

The currently employed mixed combustion with 80% of natural gas and
20% -of ordinary heavy oil is quite effective in the reduction of air
poliutants from this power plant, the largest hcavy oil consumer. Table
5.2.1 shows the current status and the 6 alternative control plans
studied: A through F. Reference Cases (1) and (2) are also shown

corresponding to 100% use of desulfurized heavy oil.

Tn Reference Case (1), the emissions of NOx and SO, increase from the
present level. For reduction of the PM emission by EPs (clectrostatic
precipitators), installation of an ammonia injection facility is required
0 " as to prevent corrosion of the EPs by S5O0x generated during
combustion of the fuel which still contains sulfur at 0.8%. The
investment amount required for these installations is about US$ 77
million including remodeling of the flue and the stack, and instatlation
of an ash disposal facility. Reference Case (2) employs flue gas
denitration for NOx control, flue gas desulfurization for SO; control, and
installation of EPs for PM cl:ontrol.. Drastic reconstructions of the boilers
and flues are also rcquifed with total investment amount ¢lose to
US$ 300 million. | |

Cases A through F employ mixed combustion of desuifurized heavy otl
and natural gas. Among these alternatives, D and E are considered to be
‘most advaniageous in the NOx reduction effect and cost. However, since
‘there are not many examples in Japan in emulsification combustion of
desulfurized heavy oil, thorough demonstration tests are necessary to
confirm its reduction e¢ffects and cost effectiveness as a prerequisite to
the practical application. Case B brings about a large reduction in the

PM emission with the same amount of investment as in Referemce Case

(1).

For the period up to the start of supply of the desulfurized heavy oil, the
‘NOx reduction measures indicated by the Note *2 in Table 5.2.1 should be
implcmemed while maintaining the present fuel mix ratio with 80%
natural gas and 20% heavy oil.  In this case the reduction of the NOx

emission is as follows:

NOx : 30%
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5.2.2 Thermoclectric Power Plant (B)

{1) Power Generation Boiler (No.1)

1) Specification of
Model
Capacity

Draft and ventilation

Size of furnace

Number and layout of burners

facility

Water-tube boiler (front firing)

154 ton/hr

Balanced drafting

10,380W x 5,800D x 7,600H

and natural gas

Furnace pressure -2 mmAg

Ancillary facility

2) Specification of burner
Model Oil:  Y-jet type Gas:
Type of fuel Heavy oil, natural gas
Fuel consumption 1) Heavy oil : 2;600
Natural gas : 8,300
ii) Heavy oil : 6,500
Natural gas : 4,600

6 pcs for mixed combusiion of heavy oil

Air preheater (70 —» 270°C)

Lance type

I/hr
Nm3/hr
1/hr
Nm3/hr

(Combustion ralte during the analysis of

flue gas)

3) Analytical data of flue gas

i) - Hcavy oil 20%, natural gas 80%

{Stack sampling daia 13:30/L.oad at 93% of rating {Emission)
NOx (ppm)* 268 | particulate matter (g[Nm3) 0.045 kg/hr
Q2 (%) 7.1 Flue gas temperature (°C) 170 NOx 61
CO (%) <0.05 | Combustion chamber ocutlet 02 (%) 2.3 502** 180
COy (%) 7.0 Particulate 5.8

NOx at rated oﬁeration is esiimated to be 290 ppm (66 kg/hr).

* Converted to ox'ygcn concentration of 5%

#% Calculated from analytical value of fuel
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ii) Hcavy oil 50%, natural gas 50%

(Stack sampling data 16:00/Load at 93% of rating (Emission) N
NOx (ppm)* 257 | Particulate matter (g/Nm3) 0.27 . kg/hr
02 (%) 7.7 |Flue gas temperature (°C) 169 NOx 59
CO (%) ~ | Combustion chamber outlet Q3 (%) | - 3.4 sox** 449
€02 (%) 7.4 Particulate | 36

NOx at rated operation is estimated to be 290 ppm (66 kg/hr).

* Converted to oxygen conceniration of 5%
* % (Calculated from analytical valuc of fuel
4} Observation

The burners are of the mixed combustion type comprised of the steam-

atomiiation-type heavy oil burners mounted onto the center of the lance-

type gas burners.

Measurements were made for two cases, with the heavy oil and natural gas

ratio of 20:80 and 50: 50, respeciively.

The O3 concentration of 7.1-7.7% for the stack gas appeared to be too
high, but it was maintained at 2.3-3.1% at the boiler outlet. Unexpectedly,
the NOx conceniration was slightly lower when the heavy oil ratio was
higher. However, when the heavy oil ratio was increased to 50%, the PM
emission increased to be six times greater than that of the heavy oil ratio of
20%. When the 02 concentration at the boiler outlet was changed 10 1.7 -
4.1%, it was clearly noticed that NOx emission decreased with decreasing O3
and increased with increasing O;. For example, the NOx concentration was
around 140 ppm (as converted to 5% of 03) at the Oz content of 1.5-2.0%,
and increased almost linecarly to 200 ppm when the Oy content was
increased to 3.5%. Below 1.7% of O3, however, 0.45% of CO was produi:ed.

From the observation described above, the following conclusions can be

made:
i) The increase in NOx concentration with increasing air ratio for the

natural gas burner can be attributed to the fact that, for the bumer

not so satisfactory for mixing with air, air-fuel mixing is improved by
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iii)

increasing air so as to increasc. the combustion temperature, resulting

in the: increasec in thermal NOx.

Comparison was made between the two scts of combustion data: one for
oil-gas mixing ratio of 20/80, and another for the ratio of 350/50.
Usually the NOx emission amount increases in correspondence with
the increase in the N content of fuel.  Actually however, the NOx
concentration was lower, though only slightly, in the case of the
50/50 ratio. .A substantial difference as found from the comparison of
these two cases is the cﬁncentration of particulate matter; 0.27 g/Nm3
for the ratio of 50/50, as comparcd to 0.045 g/Nm3 for the ratio of
20/80.. This may be attributed primarily to the difference in the status
of combustion within the furnace such as flame distribution that
depends on the layout of burners for heavy oil and natural gas.
Secondly, it may be due to the effects of staged combustion and flue gas
recirculation _resuhing‘ accid_entally from unbalanced intake of air

into this boiler with low combustion chamber loading.

Appropriate Oz control for the time being, and the use of flue gas
recirculation or low-NOx burners and fuel change are recommended

for the future.

5) Countermeasures

i) Retrofitting of combustion cquipment

{a) Complete automatic operation by 'instaliing combustion control

devices ~and safety control insiruments

(b) Low air ratio combustion by regular monitoring of the fuel gas Op
(c) Flue gas recirculation by instaliing the flue gas blower
(d) Installation of low NOx burners

(e) Complete retrofitting or relocation of outworn facilities

Fuel change

(a) Mixed combustion with 80% natural gas and 20% heavy oil up to the

supply start of desulfurized heavy oil with the suspension of the

operation during the winter.

5-23



(b) Mixed combustion with of 80% natural gas and 20% desuifurized
heavy oil when supply of desulfurized heavy oil is started. The use
of desulfurized heavy oil cmulsion should be taken into

consideration after thorough demonstration tests.

iii) Regular monitoring of the flue gas 'by 'irista:l'Iing the NOx and SO

telemeters

iv) When the heavy oil mixing ratio is increased over the current level, the
following conditions of this power plant should be taken into

consideration for controlling pollutant emissions:
- This plant is located in the area concentrated with factories near the
central part of the Mexico . Valley. '

- According to the result of the flue gas measurcment for the boiler
No.l as described above, the amount of smoke and soot generation

" increased to 6 times as the heavy oil ratio increased from 20% to 50%.

Therefore, when the heavy oil ratio is increased over 20%, the

following drastic measures are considered to be necessary.

(a) Total renewal of combustion cquipment including the boiler itself

to make better balance between boilers and burmners

(b) Installation of an electrostatic precipitator equipped with an

ammeonia injection system
6) Expenses for combustion wunit (boiler) retrofitling.

Retrofitting of the boiler is to be made for introduction -of flue gas

recirculation, low-NOx burners, and low-O; combustion ~method.

i} Foreign Portion

(US$)

(a) Survey and design . 1 sct 35,400
(b) Oil + gas combustion low NOx burner 6 sets 323,000
(¢) Flue gas recirculation fan 1 set 35;000
(d) Combustion conirol system and

instrumentation Tset 130,000
(e) Safety control system 1 set 97,000
(f) On-sitc work ‘supervision o 1 set 23,000
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7)

(2)

1)

-~ g) On-site instruction for test operation set 11,500
(h) Package and freight sel 37,200
(i) Travelling sei 28,300
(J).__Unexpected expenses (5% on _above) 36,170

"Sub-total 759,570
ii) Local poriion
_ (US$)
(k) Burncr removal sct 9,200
(1) Flue gas recirculation duct fabrication sct 70,000
{(m) Burner, duct, fan installation
(incl. fuel piping modification work) set 17,000
(n) Test operation and adjustment sct 5,800
{(0) Customs and other taxes set 17{),600
(p) Warchouse, customs clearance,
land freight (incl. IVA) set 12,900
(q) Duct, etc. freightage and crane rental set 5,000
(r) IVA (15% excl. o + p) 16,000
Sub-total 306,500
Total US$ 1,066,070

Reduction Ratio
" NOx: 49% (37%)
SO 9% (79%)

PM: 46% (17%)

The reduction ratio indicated by the parentheses corresponds to that for

cmulsified combustion during the winter only.

Power Generation Boiler (No.2)

Specification of facility
Model | Water-tube  boiler (front  firing)
Capacity 150 ‘ton/hr

Draft and ventilation Balanced drafting

Size of furnace 10,380W x 5,800P x 7,600H

Number and  layout of burner. 6 pcs for mixed combustion of heavy oil

and natural gas
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Furnace

Ancillary facility

pressure

-2,5 mmAg

Air preheater (80 — 275°C)

2) Specification of burner
Model 0Oil:  Y-jet type, Gas: Lance type
Type of fuel Heavy oil, natural gas
Fuel consumption i) Heavy oil: 2,400 l/hr,
Natural gas: 10,600 Nm3/hr
i1) Heavy oil: 6,000 1/hr,
Natural gas: 6,990 Nm3/hr
(Combustion rate during the analysis of
flue gas)
Fuel pressure Unknown
Atomizing pressurc Unknown

3)

Analytical data of flue gas

i) Heavy oil 20%, natural gas 80%

{Siack sampling data) 14:00/Load at 93% of rating {(Emission)
NOx (ppm)* 169 | particulate matter (g/Nm3) 0.025 kg/hr
02 (%) 5.1 Flue gas temperature (°C) 185 NOx 58
CO (%) <0.05 | Combustion chamber outlet O3 (%) | 1.3 s0p™ 160
CO2 (%) 8.6 Particulate 4.2
NOx at rated operation is estimated to be 178 ppm (61 kg/hr),

* Converted to oxygen concentration of 5%

* % Calculated from analytical value of fuel

ii) Heavy oil 50%, natural gas 50%

(Stack sampling data) 16:00/Load at 93% of rating _ {Emission)
NOx (ppm)* 191 | Particulate matter (g/Nm3) - kg/hr
02 (%) 6.3 | Flue gas temperature (°C) 191 NOx 59
CO (%) <0.0S Combustion chamber outlet 07 (%) 4.0 302** 440
CO2 (%) 9.3 Particulate -

NOx at ralced operation is estimated to be 205 ppm (63 kg/hr).

* Converted to oxygen concentration of 5%

ok

Calculated from analytical value of fucl
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4)

3)

6)

7)

(3)

1)

2)

Observation

It appeared for this boiler that the NOx concentration increased slightly
when the heavy oil ratio was increased from 20% to 80%. This increase is
considered duc to the increase in the O content from 1.3% to 4.0% along

with the increase in the hcavy oil ratio.
Countermeasures
The same as for No.l1 boiler,

Expenses

~The same as for No.1 boiler: US$ 1,066,070

Reduction ratio

The same as for No.l boiler,
NOx: 49% (37%)
SOZ:‘- 79% (19%)
PM : 46% (17%)

The reduction ratio indicated by the parcntheses corresponds to that for

emulsified combustion during the winter only,

Power Generation Boiler (No.3 and No.4)

Specification of facility

Model Water-tub¢ boiler (1angential firing)
Capacity 350 ton/hr

Draft and ventilation Balanced drafting

Number of burners Heavy oil: 12 pes, Gas: 24 pes (total 36)
Ancillary facility Air preheater (70 — 260°C)
Specification of burner

Model ' Qil:  Y-jet type,  Gas: Lance type

Type of fucl Heavy oil, natural gas

Fuel consumption Heavy oil: 2,200 l/hr, Gas : 978 Nm3/hr
: _ (for cach burner)

Atomizing steam pressure 8 kgfomZyg
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3) Analytical data of fluc gas

- Measurcment was not possible because these boilers were not operated,

4) Countermeasurcs

i) Retrofitting of combustion cquipment

iii)

iv)

(a)

(b)
(c)
(d)

Fuel

(a)

(b)

Complete automatic operation by installing combustion control

devices and safcly control instrumentation.

Low air ratio combustion by regular monitoring of the fule gas Oy
Fiue gas recirculation by installing the flue gas blower

Quasi 2-stage combustion * (burner ‘cut method) or in-furnace

denitration combustion
change

Mixed combustion with 80% natural gas and 20% heavy oil up to the

supply start of desulfurized heavy oil

Mixed combustioin with 50% natural gas and 50% desulfurized
heavy oil when supply of desulfurized heavy oil is started.
Emulsification of desulfurized heavy oil should be taken into

consideration after thorough demonstration tests.

Regular monitoring of the fiue gas by installing the NOx and SO,

tclemeters

When the hecavy oil mixing ratio is increased over the current level, the

installation of electrostatic precipitators equipped with an ammonia

injection system is desired.

5) Expensc for combustion facility (boiler) retrofitling

(US$)

i} Foreign portion 906,000
ii) Local portion ' 815,600
Sub-total 1,721,000

Total: Above amount x 2 (No.3 , No.4)  US$ 3,442,000

{Estimated from the expenses for the No.1 and No.2 boilers)
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6) Reduction ratio (Common to No.3 and No.4 boiler)

(4)

(5)

NOx: 57% (43%)
SOyt 79% (79%)

PM : 46% (17%)

( ) indicates the reduction ratio when emulsified combustion of
desulfurized heavy oil is applicd only during the winier.
Summary - for No.l - No.4 Boilers
1) Total retrofitting expenses US4 5,574,140
2) Average reduction ratio for No.l - Mo.4 boilers
NOx: 54% (41%)
SO;: 79% (79%)
PM : 46% (17%)
Expenses for Installation of the NOx, SO; Telemeter
To be installed on the stacks of No.l through No.4 boilers.
i) Forcign portion
(USH®)
(a) Survey and design 1 set 9,400
{(b) NOx, S0x, O meters 4 sets 237,200
(c¢) Auxiliary units 4 sels 82,100
(d) Data logger 1 set 17,900
(e) On-sile work supervision 1 set 8,500
(f) On-site instruction for test operation 1 set 4,700
(g) Package and freight 1 set 51,800
(h) Travelling 1 sel 12,400
(i) __ _Unexpected expenses (5% on abgve) 21.200
Sub-total 445,200
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ii) Local poriion

(US$)

(j) Matcrials 1 set 8.400

(lc} Survey assistant I set 1,800

(1) Installation expenses 1 sct 8,200

(m) Test operation and adjustment 1 set 2,400

(n) Vehicles | 1 set 3,300

(o) Customs and other taxes 1 set 92,060
(p) Warchouse, customs clearance,

land freight (incl. 1VA) 1 set 8,360

(q)  1VA (15% excl. o _and p) 3,620

Sub-total 128,140

Total US$ 573,340

(The expenses for telephone installation and the central receiving unit

are not included.)
(6) Reference

Installation cxpenses of the W/O type cmulsifier
(C-class heavy oil emulsifier in Japan)
4 sets of 2.4m3/hr unit

i) Foreign portion

(US$)
(a) Design 1 set 15,400
(b) Stirrer (2.4m3/hr) 4 sets 346,000
' (c) Valve, cock, eic. 1 set 20,000
(d) On-site work supervision 1 set 11,500
{e¢) Package and f{reight 1 set 19,200
{(f) Travelling 1 set . 18,400
{g) _Uncxpecied cxpenses (5%) 21,500
Sub-totail 452,000

ii) Local portion
(US3$)
(h) Tank 4 sets 6,150
(i} Piping 4 sets 15,400
(j) Installation work ' 1 set 7,700
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(7)

(k) Test operation I oset 5,400

(1) Customs and other taxes : 1 set 120,800
{(m) Warchousc, customs clearance, freight

(encl. IVA) ' 1 sct 10,200

(n) Crane car, fork truck, ctc. 1 set 6,500

{0)__IVA (15% excl. I and_m) 6,170

Sub-total . 178,320

“Total US$ 630,320

Summary of Pollution Control Measures (No.1 - No.4 boilers)

Table 5.2.2 summarizes the pollution control measures for the

Thermoelectric - Power Plant (B).
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Table 5.2.2 Summary of Poliution Control Measures
for the Thermoelectric Power Plant (B)
Current status _Cdl'mtermeasur'es
Fuel type Natural gas  80% | Natural gas 80%
Heavy oil 20% | Desunliurized
heavy oil 20%
Emulsified Combustion
Combustion system - Alternative A Alternative B
' Winter only Whole year
Fuel - Gas (10%m 3/hr) 211.4 211.4 211.4
consumption | feavy oil (103m3/hr) 48.7 48.7 48.7
Emission NOx 1,044 616 480
(ton/yr) SO; 3,409 725 725
Reduction NOx 41 54
ratio S0, 79 79
(%) PM 17 46
quipment Cost | Retrofit, _etc. 5,574.14 5,574.14
(1,000 US$) | NOx, SO, telemeter 573.34 573.34
Running cost (approx.} (1,000 USS)
Facility depreciation (15 yr) 410 410
Interest (first 5 yrs: .8%) 492 492
Maintenance cost {(5%) 307 307
Heavy oil 3,782 5,564 7,381
Natural gas 17,601 17,601 17,601
Total (1,000US%/yr) 21,377 24,374 26,191
Note 1. The costs do not include labor and power expenses.
2. Alternative A is for the case of one month shutdown for periodical repair and the

2.5-month period of emulsion combustion during the winter of 3.5 months, and
direct combustion of desulfurized heavy oil for the remaining period of the year.
The reduction ratio is for annual average. '
3. Alternative B is for the case of the emulsificd combustion throughout the year.
4. Emulsificd combustion of desulfurized heavy oil should be employed after
confirmation of its effect and cost through an adequate feasibility study.
5. The reduction ratio by emulsified combustion was estimated from the actual
reduction in Japan.
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5.23 Petroleum Refinery

(1) Oil Heating Furnaces

1) Name of facility surveyed

2) Principal measurement data

Qil- heating furnaces as shown below

- QOutlet Temperature] Flue gas _ | Combustion
Name of Input temperature of [of convectiontemperature] NOx | Oz |chamber load
Furnace heated object section
: (Mcal/hr) - (°0) 0 °C) (ppm)| (9) |(Mcal/m3hr)
AA-F1, F2 (51,600 174/346 612 555 92 | 5.5 7.1
AA-F3 | 2,967 175/345 550 400 61 | 6.8 6.3
' ~ 8,516
RV-H1 132,698 204/394 465 384 59 | 6.9 2.0
477
AW-HI 4,600 2237401 599 610 60 | 2.2 4.3
‘RE-H10 11,300 4107445 Unknown 420 54 |13.0 1.2
AR:HI' | 18,400 168/211 " Unknown 375 42 | 9.6 17.0
AU-HT 2,300 308/320 Unknown 3.1
AQ-HI 6,000 270/326 421 418 79 |10.9 2.1

3) OIbservation

These are box-type heating furnaces using the medium-pressure Bunsen

burners for natural

gas.

some downward bumers also

distance - bhetween
overheating of the oil

from the refractorics.:

the ~ flame

Accordingly,

incorporated.

and

the tubes

Upward firing system is basically employed with

It is designed for sufficient

enough and the combustion chamber loading is low.

employed,' and sufficient stack draft is sccured.

to be heated

the combustion chamber

to prevent

tubes and 1o facilitate heating with radiated heat

is  wide

Natural drafting is

The air ratio is manually

adjusted with dampers provided in the horizontal flue.

The Oz content during operation was normally 6-7%, but O; contents of
10 - 12%
measured MOx concentration values was 64 ppm as converted to 5% Oa. The

around 2% and were also observed.  The simple average of
NOx concentration level is normal for boilers applied” with NOx reduction

measures, As a result of reducing the O3 content by around 2% by

adjusting the dampers, the converted NOyx concentration showed an upward
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4)

5)

wend with decrcase in the air ratio. Bul such increase was as small ak
around 3 ppm, This low-NOx characteristic is considered due to self-
recirculation caused by the induction effect of flame jet because the flame
of the medium-pressure Bunsen burner is blown into the furnace filled
with CO4 with low combustion chamber loading such as the case of open
combustion.  Differences in the NOx concentralion among furnaces may be
attributed to differences in the situation of contact of the flame and the

brick wall.

In terms of efficiency, on the other hand, the 1temperature difference
between the heated oil and the flue gas ranged from 200°C to nearly zcro,
indicating wide disparities in heating efficiency among furnaces. An
attempt was made lo determine the efficiency of oil heating from the fuel
input, but it was impossible because there were almost no reliable and
satisfactory measuring instruments instailed. It is essential for future
improvement of equipment and operation of these facilities to install
measuring instruments for the flow rate, the temperature- of the heated oil,
the flow rale of fuel, and the 02% and the NOx concentration of the flue gas.
Determination and maintenance of the appropriate operational conditions
with less c¢mission of air poliutants, using these instruments, are crucial.
Moreover, reduction of NOx cqnccmrétion by around 40% can be expected

by installing the forced-drafi-type low-NOx burners,

Countermeasures (Common to all of the oil heating furnaces)

Automatic operation control by installing a complete set of
instrumentation: flowrates of heating object and fuel, temperature and Qg,

cte.

Expenses

A total of about US$1,000,000 for the 12 heating furnaces with US$75,000 -

93,000 for each furnace for installation of the following:

- damper controller
- air-ratio adjuster
- gas flow mcter

- Air flow meter

- controller panel
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6) Reduction Ratio

Reductions in NOx, PM and fuel consumption by means of the low air-ratio
combustion with the flue gas Oy content of 3.5% are expected as follows:

Furnace Reduction ratio (%)

NOx Fuel
AA-FI, F2 16 4
AA-F3 23 4
RV-HI : 23 4
AW-H1 . - -
RE-H10 41 20
AR-H1, AU-HI 36 10
AQ-H1 40 15

{2) Power Generation Boiler (G1, G2, G3 and G4)

1} Specification of facility (Four boilers are in the same specification,

but the measurement was not made on No.4

boiler.)
Model Water-tube drum  boiler
Capacity 55 tonfhr
Draft and ventilation Balanced draft
Size of furnace 5,500W x 5,000P x 60,000H
Number and layout of burner  Oil/gas mixed combustion burner, 4 per boiler
Furnace  pressure -5 mmAg
Ancillary facility _ Air preheater (30 — 250°C)

2) Specification of burner

Model Gas: ring type, Oil: ~ Y-jet type

Type of fuel Natural gas and heavy oil

Fuel consumption Natural gas : 5,485 Nm3/hr
Heavy oil : 4,640 l/hr

Fuel pressure Natural gas : 1 kg/cng,

Heavy oil : 6 kg/cng
Atomizing pressure Steam 5 kg!cng
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3) Analytical data of flue gas
i) GI1 boiler (gas 91%, hcavy oil 9%)

(Emissgion)

(Stack sampling data) 12:30/Load is_approx. 92% of rating
NOx (ppm)* | 143 | particulate matter (g/Nm3) 0.09 kg/hr
Q2 (%) 5.1 |Flue gas temperature (°C) 232 NOx 19
CO (%) <0.05 | Combustion chamber outlet Q2 (%) 4.1 S0y 36
CO92 (%) 8.4 Particulate| 5.7
NOx at rated operation is estimated to be 145 ppm (20 kg/ho).
® Converted 1o oxygen concentiration of 5%.
* % (alculated from analytical value of fucl

ii) G1 boiler (gas 100%, hcavy oil (%)
(Stack sampling data) 14:30/Load is approx. 92% of rating (Emission)
NOx (ppm)* | 136 | Pparticulate matter (g/Nm3) 0.016 kg/hr
O'_z (%) 5.1 Flue gas temperature (°C) 237 NOx 17
CO (%) <0.05 | Combustion chafnber outlet O3 (%) 4.0 302** --
COz (%) 8.6 Particulate| 0.98
NOx at rated operation is estimated to be 140 ppm (185 kg/h).
* Converted to oxygen concentration of 5%.
* %  (Calculated from analytical valuc of fuel

iil) G2 boiler (gas 60%, heavy oil 40%)
{Siack sampling data) 14:30/Load is approx. 76% of ratin (Emission)
NOx (ppm)* | 109 | pariiculate matter (g/Nm3) 0.006 kg/hr
C2 (%) "4.6 |Flue gas temperaiurc C) 217 NOx 6.8
CO (%) <0.05 | Combustion chamber outlet 02 (%) 4.1 s0p** 94
CO2 (%) 8.5 Particulate {}..18

NOx at raled Opcraiion is estimated to be 115 ppm (9.4 kg/h).
*  Converted to oxygen concentration of 5%.

**  Calculated from analytical value of fucl
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iv) G3 boiler (gas 81%, heavy oil 19%)

(Stack sampling data) 12:30/Load is approx. 24% of rating (Emissgion)
NOx (ppm).* 75 | Particulate métler (g/Nm3) 0.0071 kgfhr
Oz (%) 10.5 | Flue gas temperature cCy 242 NOx 4.0
co (%) <0.05 | Combustion chamber oﬁtlet 02 (%) 9.3 s 24
CO2 (%) 3.7 Particulate | 0.28

NOx at rated operation is estimated to be 120 ppm (25 kg/).

* Converted to oxygen concentration of 5%.

* % Calculated from analyticai value of fuel -

4) Observation

These power generation boilers of the refinery are about 50 years old. They
are rated at 75 ton/hr at ordinary altitudes. But since the Mexico City is
located at 2,300 m above sea level, they are opcrated at the rate of 55
tonfhr. The four boilers, G1 through G4, are of the same type and size; one
of them is alternaiely out of service for maintenance. The low-NOx burners
offered from the Government of Japan have been installed in the G3 boiler,
The operation of this low-NOx burner is reported in the Appendix. The data

for these power generation boilers can be used interchangeably.

Although the flue gas analysis data show the low concentration of
particulate matier, smoke emissions from the stacks were often observed. A
long period of sampling (1 day) might have given higher levels of the PM
- concentration.  The sporadic smoking is due to remote manual conirol of
the boilers in the absence of automation. For example, the fuel flow rate
"and the combustion air flow rate are controlled by scparaie remote levers,
the feedwaier flow rate and the stcam generation rate are conirolled by
scparate remoie levers, and the operator must therefore rely on his eyes by
watching the water lcvel indication- on the drum. In such a system, quite

understandably, slight faults would cause smoking.

The NOx emission data arc normal for a natural gas boiler. If the Oy content
is rcduccd, the NOx emission can be reduced. However, as long as the
manual control is'l_cft in use, no veduction of NOx and particulate matter is

considered possible.

5-37



5) Countermeasutres

i) Retrofitting of combustion equipment

(a)

(b)

(c)

ii) Fuel

Automatic operation control by installation of measuring
instruments: stcam pressure, Stcam gencration rate, temperature,
fuel flowrate, flue gas Oy, eic..

Continuous monitoring of flame by the flame-—cye and safety
measures for erﬁergcncy .such as automatic breaker

Exhaust gas recirculation by installing a recirculation fan and
instaliation of low-NOx burners

change

Natural gas should be used exclusively,

iii} Regular monitoring of the flue gas by installing the NOx telemeter

{(3) Power Generation Boiler (G5)

1) Specification of facility

Model Water-tube boiler

Capacity ' 120 ton/hr

Draft and ventilation "Balanced drafting

Number of burners 6 units (gas and oil mixed burning)
Furnace pressure -10 mmAgqg _ '
Ancillary facility Air prchcatcr (30 - 250°C)

2) Specification of burner

Model Gas: Lance type, Oil:  Steam atomization type
Type of fucl Natural gas & heavy oil

Fue!l consumption Gas: 11,680 Nm3/hr, -Oil: 9,930 V/hr

Fuel pressure Gas: 0.2 kg/lem?g, Oil: 8.2 kg/cng

3) Analytical data of flue gas

Stack sampling data)  13:00/Load at 75% of rating (Emission)

NOx {ppm)* 124 Particulate matter (ngm3_) 0.051 kg/hr
02 (W) 5.5 | Flue gas temperature (°C) _ 220 NOx 22
CO (%) <0.05 | Combustion chamber ‘outlet 07 (%) 3.0 | $S02** 69
I_E:_OZ (%) 8.6 . Particulate 4,6 i

5-38



NOx at rated operation is estimalted to be 160 ppm (28 kg/hr).

*

&

4)

5)

(4)

1)

2)

Converied to oxygen concentration of 5%

Calculated from analytical value of fuel

Observation

Five boilers are conneccted with a steam hcader loop and the steam is
supplicd to four bleeding turbines to be used for power generation and for
other processes. A recuperator is provided and drafting is made with a

forced draft fan and an induced draft fan.

The system is designed with -sufficient margin so that the combustion
chamber loading can be low. Accordingly, the current NOx concentration
is not so high. The analytical valuec of O2 after the recuperator was high
because of air leak-in from the rccuperator. Practical measures to reduce

NOx include the use of low-NOx bumers and flue gas recirculation.

Countermeasures

Same as for G1 and G2 boilers.

Packaged Power Generation Boiler (CP)

Specification of facility

Model CP water-tube boiler
Capacity 55 ton/br
Draft and ventilation Forced draft

Structure and size of furnace  2,100% x 7,400D x 2,400H _
Number and layout of burner 2 uniis (gas and heavy o0il mixed buming)
Furnace pressure +80 mmAgq

Ancillary [acility None

Specification of burner

Model Gas: Heavy Oil:

Type of fucl Natural gas & heavy oil

Fuel consumption Gas: 4,000 Nm3/hr, Heavy Oil: 3,400 i/hr
Fuel pressurc - 0.33 kglem?g
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3) Analytical data of flue gas

14:00/Load at 53% of rating

(Stack sampling daia (Emission)

NOx (ppm)* 85 | Particulate matter  (g/Nm3) <0,0002|. kg/hr
1)) (%)_ 1.3 | Flue gas temperalure (°C) | 282 NOx 7.1
CO (%) <0.05 | Combustion chamber outlet O2 (%) 1.3 soz** 29
COy (%) 1.5 | | Particulate | <0.0066

NOx at rated operation is estimated to be 160 ppm (13.0 kg/hr).

A

Converied to oxygen concentration of 5%

* %  Calculated from analytical value of fuel

4)

5)

(5)

Observation

Five boilers are connected with steam header loop and steam supplied to

four blecding turbines is used for power generation and process steam.

These water-tube type package boilers, made by Babcock & Wilcox, were
installed in 1981 and have no recuperator. They are equipped with the

heavy oil and gas mixed type bumers and arc'operated currently for mixed

combustion.

Possibly due to mixed combustion, the NOx concentration was lower than
expected. The NOx emission may be reduced further by using the low-NOx

burners or fluc gas recirculation,
Countermeasures

Same as for G1, G2 and G5 boilers.
Expenses for Control Measures for Boilers (Gl - G5 and CP)

Retrofitting of equipment for introduction of low-NOx burners, flue gas

recirculation, and low-0O2 combustion with full automatic operation.

i} Foreign portion :
G1,G2 G5 cP

(US$) (US$)  (US$)

(a) Survey and design 1 set 7,700 7,700 7,700
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G1,G2 GS ce
(b) Low NOx burner 212,300 323,000 138,500
G1, G2: 1,200 l/hr 4 scts
GS: 1,700 l/hr 6 scls
CP: 1,800 l/hr 2 scts
{c) Flue gas recirculation fan 1 set 22,300 27,000 14,600
{(d) Combustion control instrumecniation
and electric system 1 set 62,000 88,000 62,000
(e) On-sitc work supcrvision 1_scl 23,000 23,000 23,000
(fy On-site instruction for test operation 1 sel 7,700 7,700 7,700
(g) Package and freight 1set 32,500 42,500 20,000
{h) Travelling 1 sct 12,600 12,600 12,600
(i} _Unexpecied cxpenses (5% of above) 19,000 26,600 14,300
Sub-total 399,100 558,100 300,400
ii) Local p.ortion
{(US$) (US$) (USS)
{j) Burner removal . 1 sci 1,500 2,000 1,000
(k) Flue gas recirculation duct fabrication 1 set 27,000 54,000 26,000
(1) Burner duct, fan installation "1 set 6,900 13,000 6,900
{(m) Test operation and adjust_mem 1 sct 2,300 3,500 2,300
(n) Customs and other taxes I set 93,100 138,000 66,000
(o) _Warehot:sc, customs clearance,
. land freight (incl. IVA) 1 set 8,820 11,900 5,840
(p) IVA (15% cxcl. n + 0) 5,600 _10.900 5,400
Sub-total 145,220 233,300 114,040.
Total US$ 544,320 791,400 414,440

iti) Total expense for control measures for boilers (Gl - G5 and CP)

(US$)Y
Gland G2 544320x 2 = 1,088,640
G3and G4 93,000 x2 = 186,000
G5 791,400
PC 414,440
Total - US$ 2,480,480

Note: Inélrallalion of low-NOx burners is completed in G3 boiler, and the

installation has been already planned for G4 boiler.

costs of low-NOx burners are excluded for these two boilers.
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{(6) Reduction Ratio for Boilers

G1 - G5 Boilers . CP Boiler

NOx 67% 55%
S0, 100% 100%
PM 20% 20%

Note: Above estimation corresponds to the case when the O, conient of
the flue gas is controlled at 3.5%.
(7) Expenses for Installation of Telemeter System for Monitoring Flue Gas

1) Boilers (G1 - G5 and CP)

NOx and Oz meters to be installed on G1 to G5 and CP boilers.

i) Foreign portion

(US$)

(a) Survey and design 1 set 9,400
{b) NOx, O, instrumentation 6 scts 205,900
{c) Auxiliary units 6 sets ' 116,880
(d) Data logger 1 set 17,800
(e) Local work on-site sﬁpervision 1 set 17,000
{f) On-site instruction for (est operation 1 set ' 4,700
(g) Package and freight 1 sct 71,000
{h) Travelling 1 set 15,700
(i) _Unexpected expenses (5% of the above) 23,220
Sub-total 487,620

ii) Local portion

(US$)

(j) Materials 1 sct 9,600
(k) Survey assistant 1 set 1.200
(1) Installation cxpenses 1 set 15,300
(m) Test operation and adjustment 1 set 2,100
{(n) Vehicle rental 1 set 4,500
(o) Customs and other taxes 1 set 93,000
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(p) Warchouse, cusioms clearance, _
and land freight (incl. IVA) 1 set 8,400

(q)__IVA (15% cxcl. o and p) 4,900
Sub-total 139,000
Total US$ 626,620

Note: Telephone installation work and central reception system are not

~included.
2) Gil heating furnaces

When hydrogen sulfide is burned without recovery by an aminc reactor,
S04, NOx, and Oy meters are to be installed in RE-H9 and RE-H10 fumaces.

i) Forcign portion

- (US$)
{a) Survey and design expenscs I set 5,700
{b) 80, NOx, Oy instrumentation. 1 set 118,560
(c) Auxiliary units 1 set 44,160
(d) Data logger 1 set 17,800
{(e) Local work on-site supervision 1 set 10,800
(f) On-site instruction for test operation 1 sct 4,700
(g) Package and freight 1 set 26,000
(h) Traveiling 1 sct 12,8G0
(i) Unexpected gxpenses. (5% of the above) 12,000

Sub-total 252,520
ii) Local portion

(UsS$)
{(j) Materials I sct 4,800
(k) Survey assistant 1 set 1,000
(1) Installation expenses 1 set 4,400
. (m)} Test operation and adjustment 1 set 1,600
{n) Vehicle rental 1 sct 2,200
{0) Cuslofns and other taxcs 1 set 49,000

{p) Warchouse, customs clearance, '

 and land freight (incl. IVA) 1 set 4,000
(q) IVA (15% excl, ¢ and p) 2,100

Sub-total : _ 69,100
Total US$ 321,620
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3) Sulfur recovery plant and FCC plant

H3S, $O, and Op mcters arc to be installed in the sulfur recovery plant and FCC

plant,

(US$)
i) Foreign portion 220,000
ii) Local portion 56,000
~ Total US$ 276,000

(8) Control Measures for Other Facilities
1) SO2 Emissions From Non-combustion Processes
i} Current status and control plan of PEMEX

According to the report of PEMEX submitied to SEDUE in January 1991,
the current status and the remedial measures on the sulfur emission

from the sulfur recovery plant. in the refinery are as follows.

Current status in SO, cmission is as follows:

Emission from the sulfur plant 6.580 ton/day

Vis-breaker heating furnace (2 units)
’ 2x7.607 = 15.214 ton/day

Vent. gas 7.274 ton/day
F.CC. 5.279 ton/day
QOthers 0.124 ton/day

Total 34.471 ton/day

Control measures planned by PEMEX are as follows:

(a) Sulfur plant modernization

(b) Cabaciiy ¢xpansion of the sulfur recovery plant

(¢) Efficiency improvement of heat recovery and heat exchange

With - the above measures, 1he emission will be reduced by
11,751 ton/day, but 22.72 ton/day will be still emitted. '

Since nearly a half of the sulfur contents of crude oil is converted into
H2S through the various refining processes in refineries, exhaust gascs

usually contain- much HS. This HS is usually further oxidized into free

sulfur as follows:
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ii)

HyS+320; » HO+ 5O
2H3S + SOy —  2H,0 + 38

3H,8 + 32 O - 3H0+ 38

The sulfur recovery -process based on the above rcaction is known as
the Claus method. Eadlier, single stage rcactors with a recovery ratio of
80 1o 85% were in use, but later, the 2-stage rcactors with a recovery
ratio of 90 to 94% were introduced. And now, 3-stage reactors with a
rcfcovery ratio of 95 to 98% are in use, reducing S in the tail gas. At this
Refinery, one Claus reactor (nominal recovery ratio: 88%) is in use to
recover the sulfur in the discharge gas from F.C.C. (catalyst cracking
unit). To increase the recovery ratio to 94%, the installation of the
sccond Claus reactor (40t S/d) is under plan. However, even though
the plan is recalized, 94% rccovery means that 6% of sulfur (or
5.1 ton/day of SO} will be discharged in the tail gas.

Control measures proposed in this Study

In all the refinerics in Japan, the tail gas- is further treated to an overall
recovery ratio of 97 to 98% through such mecasurcs as: 1) TGT (tail gas
treater: Scott process) for recirculating the tail gas after HpS removal,

and 2) the coal-gypsum desulfurization process.

A. Sulfur recovery

In the present case, the input to the scheduled 40 ton/day sulfur

recovery plant is proposed to be as follows:
(a) H2S5 being sent to the existing recovery plant: 22 tonfday as S

(b) HaS in the cxhawst gas from the above plant:
’ 6.580 ton/day as SO,

(¢) H2S in the visbreaker exhaust gas: 2 x 7.607 tonfday as 50;

(d) 90% of Vent gas sulfur: 0.9 x 7.274 ionfday as SO,

The amount to be recovered as S is
22 + (6.58 + 2 x 7.607 + 0.9 x 7.274)/2 = 36.17 ton/day
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B. Installation of amine unit

To recovery HzS from the visbreaker exhaust gas for transfer to the
above sulfur plant, instaliation of an aminc unit (approx.

US$3,000,000) is required. It should be noted that the absorption
ratio at high H;S concentration is over 90%, but at low

concentration, the recovery ratio is very low.
C. Installation of flue gas desullurizer

The 8Oz in the exhaust from the new sulfur plant and 10% of SO; in

the vent gas will be removed by a flue gas desulfurizer.

Required capacity of the desulfurizer is:

(a) Sulfur plant outlet 5.100 ton/day
(b) ECC. 5.279 ton/day
(¢) Vent gas 0.1 x 7.274 = 0.727 ton/day

Total - | | 11.106 ton/day

When 95% of the above amount of SO; is removed as CaSOy4, the
construction cost will be US$16,000,000, excluding construction of
the duct blower from the above amine unit, vent gas recovery unit,

sulfur recovery plant, F.C.C. and ven{ gas.
No other exhaust gas will be treated.
iii) S0, reduction achieved by the above measures.
S0 emission:

34.471 - 2x7.607x0.9 + 5279 + 6.580 + 7.274x0.9) + 11.106 x 0.05
= 2.928 1ion/day

Reduction ratio: _
(34.471 -2.928) x 100/ 34471 = 91.5%

2) Other pollutant emissions

According to the data from the refinery, emissions of HC, CO and NOx are as

follows:
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(%)

1)

2)

3)

4)

5)

6)

7)

3)

9)

HC: 28.957 ton/day
CO: 147.447 1on/day
NOx : 10.671 ton/day

To control these pollutants, the refinery has the plan of installing floating
roofs on the tanks to control HC cmissic_m and to start rchabilitation works

for the CO boiler in April, cardier than scheduled, to bum CO as before.

Summary of Expenscs

(US$)
Suifur rccovcry plant modernization and new installation 9,100,000
Installation of the fuel tank floating roofs
for HC evaporation control 1,600,000
Installation of the amine unit for HyS rccovery
from the visbreaker exhaust gas 3,000,000
Installation of the flue gas desulfurizer | 16,000,000
Insialiation of the NOx, O; tclemeiers on boilers
(G1 - G5 and CP boilers) 626,620
Installation of the S0, , NOx, Oy tclemeters on furnaces
(RE-H9 and RE-H10) 321,620
Installation of the H3S, SO;, Oy telemeter on the sulfur plant
and the FCC piant 276,000
Full automatic control of the oil heating furnaces 1,000,000
Toial expense for ret’roﬁ.uing of G1 to G5 and PC boilers 2,480,480

Total US$ 34,404,720
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5.2.4 Chemical Products Factory (A)

(1) Boiler for Processing (D and E)

1)

Specification of facility
Model

~ Capacity

2)

3) Analytical data of flue gas

Draft and ventilation

Dimensions of boilers

Number of_ burners

Furnace pressure
Ancillary facility
Specification of burner
Model

Type of fuel

Fuel consumption

Fuel pressure

Watér tube boiler

5 ton/hr (D boiler}), 15 ton/ir (E boiler)

Forced draft

1,600 .x 2,200D x 1,400H (D boiler)
2,300V x 3,200P x 2,1008 (E boiler)

1 each (D and E boilers)
+60 mmAq (D boiler)
+20 mmAq (E boiler)

None

Lance type gas burner
Natural gas

750 Nm3/hr (D boiler)
1,500 Nm3/hr (E boiler)

1 kg/cng (D and E boilers)

i} D boiler
(Stack sampling data 17:00/Load is approx. 60% of rating _ (Emission)
NOx (ppm)* 24 | Particulate matter (ngm3) 0.0015 kg/hr
02 (%) 0.9 |Flue gas temperature (°C) 267 NOx 0.28
Cco (%) 0.70 | Combustion chamber outlet 02 (%) | 0.9 502** -
.C02 (%) 16.9 Particulatc | 0.0069
*

Converted to oxygen concentration of 5%

*%*  (Calculated from analytical value of fuel
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ii) E boiler

13:00/Load is_approx. 67% of rating

(Stack sampling_data) {(Emission)
NOx (ppm)* 62 | Particulate matter (g/Nms) 0.0009 kg/hr
Gy (%) 4.1 |Flue gas temperature (°C) 253 NOx 1.7
1COo (%) <0.05 | Combustion chamber outlet Og (%) 4.1 S0p** -
CO2 (%) 9.3 Particulate | 0.011
NOx at rated operation is estimated to be 67 ppm (2.7 kg/hr).
* Converted to oxygen concentration of 5%
* % Calculated from analytical value of fuel
4) Observation
Soap is manufactured at this plant.
Natural gas is used as the fuel for combustion in this plant. The fuel

éonsumption of these boilers is considerably larger than that of the heat

medium boilers or dryers.

in soap manufacture.

In the diagnostic survey,

There are 5 boilers -used in the healing process

flue gas analyses were

carried out __for two boilers, namely the 35 ton/hr boiler (D boiler) and
15 ton/hr  boiler (E boiler).

In the D boiler, the NOx concentration was as low as 24 ppm.

This

is

believed to be due to the low concentration of O at 0.9% and the high
concentration -of CO at 7,000 ppm. In other words, combustion control of

this boiler is not adequate.

These boilers are automated, and loading can be automatically changed
when necessary. = Since these boilers use natural gas, there are no special

problems other than inadequate combustion control.
5) Countermeasures

Low air ratio combustion through continuous monitoring of the flue gas
O, is rcquired. Since the NOx concentration is at a satisfactory level

because of use of natural gas, installation of a telemetric monitoring

system for the flue gas is not considered to be necessary.
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6) Expcnscs

Portable Q, meter 1 set  US$ 2,400

(to be used in common with other facilitics)

The above cost does not include the customs duty, customs clearance and

domestic freight.
7) Reduction ratio
NOx: Some reduction

PM: Some increase will take place when the: low air ratio combustion is
started, but because the present cmission is close 1o zero, a slight

increase will be practically harmless.

CO: Through adequale combustion control, a 100% reduction is expected.

{(2) Hecat Medium . Boilers (No.100 and No.300)

1) Specification of facility

Model One through pass type heat medium  boiler
' {(bottom firing)
Capacity 1 x 108 kcal/hr (No. 100)
3 x 106 kcal/hr (No. 300)
Draft ~and ventilation Forced draft :
Dimensions of boilers 1,1009 x 1,800H (No. 100)
| 1,5702 x 2,695H (No. 300)
Number of burners . 1 bumer cach (No. 100 and No. 300)
Furnace pressure +20 mmAq (No. 100), Estimated
' +20 mmAq (No. 300), Estimated
Ancillary facility None

2) Specification of burner _
Modet Nozzle mix type gas burner

Type of fuel : Natural gas
Fuel consumption 105 Nm3/hr (No. 100)
B 313 Nm3/hr (No. 300)
Fuel pressure 200 mmAg (No, 100 and No, 300)
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3) Analytical data of fluc gas

i) No, 100 boiler

(Stack sampling data 14':00[L:oad is approx. 100% of ratin {Emission)
NOx (ppm)* 08 Particulatc matter (g/Nm3) <0.0004 | kg/hr
Q2 (%) 4,9 | Flue gas temperature (°C) 198 NOx 0.20
CcO (%) <0.05 Comiauslion chamber outlet Q9 (%) - SOz _
COq (%) 1.3 Particulate | <0.0006
* Converted to oxygen concentration of 5%
#% Calculated from analytical value of fuel

if) No. 300 boiler |
(Stack sampling data 12:00{/Load is approx. 100% of ratin {Emission)
NOx (ppm)* | 112 |Particulate matter (g/Nm3) <0.0004 kg/hr
02 (%) 7.8 | Flue gas temperature (°C) 170 NOx 0.70
Co (%) <0.05 | Combustion chamber outlet 09 (%) - SOt _
CO2 (%) 7.1 Particulate [ <0.0015

* Converted to oxygen concentration of 5%

**  (Calculated from analytical value of fuel

4)

Observation

There are 5 heat medium boilers, and ihey are used in the heating process
in soap manufacture. ~ In the diagnostic survey, flue gas analyses were
carried out for 2 boilers, namely the 1 million kcal/hr boiler (No.100) and
the 3 million kcal/hr boiler (No.300). '

The heating medium flows through the tube in these boilers, and the heat
of combustion gas is transferred to the heating mediom through the tube
walls.  The heating medium flows into the boiler wilth the temperature at
about 245°C, and flows out with the temperature at about 265°C.  The coil-

shaped tubes form the walls of the combustion chamber.

The combustion chamber of the heat medium boiler is the vertical type; the
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5)

6)

7)

(3)

1)

gas burner is installed on top of this vertical combustion chamber, and the
flame is formed from the top towards the bottom. But the combustion gas is
not emitted from the bottom. It reverses direclion around the flame formed
in the combustion chamber (reverse combustion), enters the counierflow
heat transfer unit, and afier its temperaturc is sufficiently reduced, it is
emitted from the smoke tube.  Analysis of these two hcat medium boilers
with gas combustion indicaled no particular problems. But for the No, 300
boiler, thec oxygen content of 7.8% in the flue gas is rather high, and

adequate combustion control is necessary for energy savings.
Countermeasures

Low air ratio corﬁbus{ion by continuous monitoring of the flue gas Op
Expenses
Refer to 6) of (1),
Reduction ratio

NOx: Some reduction

PM: Some increase will take place when the combustion with a low air
ratio is started, but because the present emission is close to 0, a slight
increase will be practically harmless.

Dryers for Powdered Soap (No.1 and No.2)

Specification of facility

Model Spray dryer iype

Capaéity 10 ton/hr (No.l)‘
15 ton/hr (No.2)

Dralt and ventilation Balanced draft

Construction and dimensions Vertical cylindrical double casing 2,0808 x

of furnacc 5,400H (No.1 and No.2)

Number eof burners I each for hot air heater (No. 1 and No. 2)

Furnace: pressure ' 0 mmAq (No.1 and No.2 hot air heaters)
{cstimated)

Other facility Multicyclone (main equipment for

recovery of products)
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2) Specification of burner

Modcl

Type of fuel

Fuel

Fuel

consumption

pressurc

Partial pre-mix  gas burncr

Natural gas
350 Nm3/hr
365 Nm3/hr

(No.1 hot air hcater)
{(No.2 hot air heater)

5,000 mmAgq (No.! and No.2 hot air heaters)

3) Analytical data of flue gas

i) No. 1 hot air heatcr

* Converted to oxygen concentration of 5%

* % Calculated from analytical valuc. of fuel

4) .Obsc'rvalion

There are three dryers in this soap manufacturing plant.

(Stack sampling data _I4:00/L03d is approx. 85% of rating {(Emission)
NOx (ppm)* 100 P.a.rtic_.ulate matter (g/Nm3) 0.027 kg/hr
Cy (%) 18.6 | Flue gas temperature (°C) 116 NOx 1.6
CO (%) <0.05 | Combustion chamber outlet 02 (%) - S0x** .~

1 CO2 (%) 1.3 Particulate i.4
*  Converted to oxygen concentration of 5%
*#  Calculated from analytical value of fuel

11} No; 2 hot air heater

(Stack sampling data) 13:00/Lcad is approx. 100% of rating (Emission)
NOx (ppm}* 87 | Particulate matter (ngmS) 0.043 kg/hr
02 (%) 18.8 | Flue gas temperature (°C) 82 NOx 1.6
cO %) <0.05 | Combustion chamber outlet Q7 (%) - 802** -
CO2 (%) 0.8 Particulate 2.7

In the diagnostic survey, it was observed that white smoke and white solid

. particles were being emiited from the smoketubes of the dryers.

analysis of PM, to be 27 and 43

the concentration values
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mg/Nm3, and they were much lower than expected.  Since the specific
gravity of the powdered soap dust is small, the concentration  values
obtained by the gravimetric mcthod were very low, although it appeared
much higher in the observations by eye. But since’ the flue gas quantity
was considerablly large, the total PM quantity was 1.4 - 2.7 kg/hr and it is

large when compared to other facilities.

The dryers arc of a spray type in which powdered soap in the slurry state
with 35% water content is sprayed from 20 nozzles at a pressure of
40 kg/cng from the top part of the drying chamber. Along with this
spray of slurry, hot gas of 175°C (No.2 hot air heater) or 345°C (No. 1 hot
air heater) is introduced into the drying chamber to cvapora.te the water
content of the slufry. The slurry is in the atomized staie or the siatc of
small water droplets. Hence the surface areca is large, and the drying time
is short. The slurry. dryed in the drying chamber space attains the
dedered state, and being associated with the hot flue gas, whose
temperature is reduced to about 100°C, cnters the multicyclone, where the

solid and gaseous parlicles are scparated.
5) Countermeasurcs
i} Installation of the dust collector (bag filler)

ii) Low air ratio combustion through the regular combustion control with

a potable Oy meter
6) Expenses for installation of the dust collector (per unit)
A bag filter is installed on the exhaust gas duct of the soap powder dryer.

i) Foreign portion

(US$)

{a) Survey and design 1 set §,500
(b) Bag filter 1 set 230,800
{(¢) Blowers 1 set 36,200
(d) On-site work supervision 1 sel 7,700
(e) On-site instruction for test operation 1 set 7,700
(f) Travelling I set _ 12,700
{g) Unexpected cxpenses (3% of the above) | 15,200
Sub-total | o | 318,800
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ii) Local portion

(Us$)

(h) Duct fabrication 1 sct 57,700
(i} Foundation work I set 600
{j) Installation expenscs 1 set 6,200
(k) Test operation and adjustment 1 set 800
(1) Vehicles for work 1 set 3,100
{m) Customs and other taxes 1 set 75,000
(n) _IVA (15% excl, m) . ' 10,260
Sub-total 153,660

* Total. US$ 472,460

The freight and customs charges are not included because they differ

with the packaged condition of the dust colleclor.

For the No.l and No.3 dryers, the same expenses (US$ 944,920 for 2 sets)

are due.
7) Reduction ratio

NOx: Some reduction

PM: 90%
(4) Summary of Control Measures

Air poilution control measures proposed for the Chemical Products Factory

(A) are summarized in Table 5.2.4.
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Table 5.2.4 Summary of Control Measures for Chemical Products Factory (A)

Current .S!a!us Comrol measure
Fuel type Natural gas ' Natural gas
Fuel consumption | Natural gas 77.2.8 77.28
(106 m3/yr)
Emission NOx 161.7 145 - 153
(ton/yr) PM | 62.8 | 7.1
Reduction ratio NOx - Some reduction (5-10)
| (%) PM - 90
Equipment cost (1,000U83$) 1,419.78 (1)
T Running cost {(apprex) (1,000US$/yr)
Facility depreciation (15 yr) 94.7
Interest (first 5 yrs: 8%) ' 113.6
Maintenance cost (5%) ' . 71.0
Natural gas . 6,440.0 6,440,0
Total (1,000US$/yr) 6,440.0 . 6,719.3

Note: (1) 3 bag filters for the dryers and portable O, meter
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5.2.5 ~ Chemical Products Factory (B)

'(1) Boiler fér Processing (No.1)

1) Specification of facility

Model

Capacity

Draft and ventilation
Size of furnace
Number of burner

Furnace

Fluc and smoke tube type

2.6 tion/hr
Forced draft
5726 % 4,242L

pressure Unknown

Ancillary facility None

2) Specification o.f burner

1 unit (heavy oil burmer)

Air pressure atomization type

Model

Type of fuel Heavy oil

Fuel consumption 149 i/fhr  (estimated)
Fuel pressure 0.8 kglom2g
Atomizing pressure 2.0 kglem?g

3) Analytical data of flue gas

(Stack sampling data)

NOx at rated operation is estimated to be 300 ppm (1.3 kg/hr).

* Converled - to oxygen concentration of 5%

* Calculated from analytical value of fuel

4) Observation

15:00/Load at 80% of rating {Emission)
NOx (ppm)* 252 | Particulate matter (g/Nm3) - kg/hr
02 (%) . 4.2 | Flue gas temperature. (°C) 215 NOx 1.1
CO (%) <0;05 Combustion chamber outlet Q2 (%) - SOz** 6.6
CO2 (%) 11.5 Particulate 0.88

This boiler is used mainly for hecating the reaction oven and for recovery

of drain. Tt is the Cleaver Brooks product most widely used in Mexico.

At the time of the survey, the loading rate was low at around 50%, which

can be attributed to a drop in the operation rate.
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5)

engineer, the load may increase when operation rate increases,

The burncr is the air-atomization type heavy oil burner and thc O2 content
of the flue gas was high at 7.6 -7.8%. Visual observation showed rather
satisfactory combustion, and thin smoke was obscrved from time to time
from the stack. The NOx concentration was 252 ppm as converted to 5% O2.
Though combustion chamber loading was low, the sectional area load of
combustion chamber was 1,430,000 kcal/hr, which is higher than that of

recent low-NOx boilers since the combustion chamber is slender,

To reduce NOx, reduction of the air ratio, reduction of the N content of fuel,
flue gas recirculation and use of low-NOx burner of two-stage combustion

or self-recirculation type can be advised.

As regards heating efficiency, a compact design with four paths of flue gas
was employed and the temperature difference beiween saturated steam and
flug gas was about 40°C at 80% load. Installation of the air preheater is
necessary if energy saving is to be enhanced further, but this is. not so
‘beneficial for this scale 'of'boiier becausec measures to prevent low-
temperaiure corrosion are necessary for current héavy oil of the high 8§
content. The existing design is considercd well-balanced for Mexico, where
fuel cost is low, because recovery of investments for encrgy-saving above

this level is expected to be very difficult.

Though the use of low-NOx burner may be considered, it is essential to
cooperate with the boiler maker for instatling the burner since the bumer

and the beiler main body are integrated.
Countermeasures
i} Retrofitting of the combustion equipment

(a) Combustion control

(b) Flue gas recirculation
i1) Fuel change

Change to diesel or natural gas
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6) Expenses for retrofitting of cquipment
Retrofitting for flue gas recirculation and fuel change 1o dicsc! or natural gas

i) Foreign portion

(US$)
(a) Survey and design cxpenses 1 set 3,900
(b) Fllue gas recirculation fan 1 sct 9,300
(¢) Fucl pump (with accessories) 1 set 3,100
.(d) Package and freight 1 sct 1,700
(e) Travelling 1 sect 3,900
{fy Unexpected egxpenses (5%) 1,100
Sub-total 23,000
‘ ii) Local portion
_ _ (US$H)
(g) Wind box remodelling 1 set 7,700
(h) On-site work supervision I set 1,100
(i) Test operation and adjustment 1 set 800
{j) Customs and other taxes I set 3,920
(k) Warchouse, customs clearance, . _
land freight (incl. IVA) 1 set 810
(h 1IVA (15% excl. j + k) 1,440
Sub-total 15,770
Total US$ 38,770
~ 7) Reduction ratio
NOx : 25%
S50, 82%
PM : 20%
(2) Oil Heating Furnace
1) Specification of facility
Model ' | Oncc—lhro_ugh type
Draft and ventilation Natural draft
Size of furnace 400W x 1,710D x 230H
Number of burner 1 unit {oil burner)
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2)

Furnace pressurc Atmospheric pressure

Ancillary facility None

Specification of buraer

Model Oil pressure atomization type
Type of fuel Diesel '

Fuel consumption 8.3 I/hr

Fuel pressute Unknown

3) Analytical data of flee gas

{Stack sampling data 13:00/Load at 70% of rating . {(Emission)_

NOx (ppm)* 34 | Particulate matter (g/Nm?3) | 0.033 : kg/hr
02 (%) - | 10.3 [Flue gas temperature. °C) 370 NOx 0.01 |
CO (%) <0.05 | Combustion chamber oullet 02 (%) - 302** 0,.13
COz2 (B 7.6 - Particulate | 0.0036

NOx at rated operation is estimated to be 48 ppm (0.02 kg/hr).

®

Converted to oxygen concentration of 5%

*%  Calculated from analytical value of fuel

4)

5)

Observation

This is an one-through, oil heating furnace used for tube heating in a
brick furnace. Fuel injection is made inte the naturally-drafied
combustion chamber by a pressure-atomization-type burner.  Atomization
was poor and the injected fuel was impinging on the furnéce floor.
Unsatisfactory combustion appeared contrarily to help suppression of NOx
gcneratioh. Thin fumes were observed from the stack. Air supply was
excessive,  Improvement. in furnace efficicncy is necessary.  Retrofitling

of the fummace is recommended.
Countcrmeasures

Although retrofitting of the fumace is desirable, it is not urgent, because
diesel is used as the fuel and the combustion rate is low at 8.3 l/hr.

Improvement of burner nozzles is desirable.
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6) Expcnses

Burner nozzle: US$ 2,000 _
excl. customs duty, clearance, domestic freight, and installation

costs
(3) Summary of Control Measures
Table 5.2.5 summarizes conirol mesures for .the Chemical Products Factory (B).

Tabfc 5.2.5 ‘Summary of Control Measurc for Chemical Products Faclory (B)
(2.6 ton/hr flue and smoke tube type boiler)

Current Status Control measure
Fuel type Heavy cil  89.4% Diesel 100%
Diesel 10.6%
' . Heavy oil 0.6768 -
Fuel consumption | (103 m3/yr)
Diesel 1 0.0804 0.7572
(103 mi/yr) '
Emission NOx 6.4 4.8
tonfyr) | SO 42.2 7.6
PM 5.1 4.1
Reduction ratio ‘NOx 25%
(%) SO; 82%
| PM 20%
Equipment cost (1,000US$) 40.77 (1
Running cost (apprex) (1,000US$/yr)
Facility depreciation (13 yr) : 2.1
Interest (first 5 yrs: 8%) 3.3
Maintenance cost (5%) ‘ 2.0
Heavy oil _ 52.5 -
Diesel | 16.5 155.8
" Tol . (1.000USS/y) 69.0 163.8
Note: (1) - Retrofitting of boiler No.1 for flue gas recirculation and fuel change to

diesel L _ .
- Change of the burner nozzle of the oii heating furnace
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5.2.6 Chemical Producis Factory {(C)
(1) Boiler for Processing (No.1)
1) Specification of facility
Model Flue and smoke tube type
Capacity 2.4 ton/hr
Draft and ventilation Forced draft
Size of furnace 6109 x 3,454L
Number of burners One unit (natural gas burner)
Ancillary facility None
2) Specification of burner
Modcl Cone mix
Type of fuel Natural gas
Fuel consumpiion 168 m3/hr
Fuel pressure 3.2/0.027.kglcm2g
3) Analytical data of flue gas
{Stack sampling data) 14:45/1.0ad_ai 35 ~ 40% of rating " (Emission)
NOx (ppm)* 66 | Particulate matter(g/Nm3) 0.0075 kg/hr
Oz (%) 10.8 | Flue gas lemperéture (°C) 164 NOx .04
Co (%) <0.05 | Combustion chamber outlet 02 (%) - SOp™* -
CO2 (%) 5.3 Particulate | 0.0037

NOx at rated operation is estimated to be 155 ppm (0.09 kg/hr).

*

¥ A&

4)

Converted to oxygen concentration of 5%

Calculated from analytical value of fuel

Cbservation

This is a resin paint plant. Steam from the boiler is used to heat the resin

and the drain is recovered. This boiler and a 1.6ton/hr boiler installed in
parallel arc under the automatic control, thercfore, the combustion volume
fluctuated widely. Manual sctting of the combustion volume is said to be

impossible.

Operation is made 24 hours a day from 6:00 on Monday to 22:00 on Friday,
ii6
maintenance company and analyses of 02, Hz, CO2, and CG are made by the

that is, hours a week. A contract for maintcnance is made with a
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gas chromatography. But the standard for adjustment was unknown.

This boiler was madec by Cleaver Brooks and it cmploys a cone mix type
natural gas burner. The loads of both the combustion chamber and the
chamber scctional area were high. This is not favorable for control of NOx,
But the measured NOx concentration was low, This data, however, were
obtained for a small load with an extremely high air ratio of 7.5-11,8%.
The fuel control valve moved up and down incessantly due to capacity
control. Since the burner of the Cicaver Brooks made boiler has a
mechanism by which the air ratio can be freely adjusted for each
combustion amount by using a cam, a plant of this kind should have at least
a 02 meter to control the. O content daily at an appropriate level according

to the combustion volume.

NOx reduction measures are not necessary because the total NOx generation

rate - and NOx concentration are low,

On the other hand, at this factory, a large amount of solvenits (300 l/mon or
equivalent to approx. 2% of the products), is lcaking from the paint -

manufacturing process and emitted into the atmosphere without any

_ preventive measure.  The factory is currently planning two-step control

(2)

1)

mecasures: step I for instatiation of a ventilation duct for improvemcnt of
working environment, and step 2 for adopling' a leak prevention system for
the manufacturing process. Because of the importance of the control of HC,
which is one of major substances to cause photochemical smog, ecarly

materialization of the plan is desirable.

Boiler for Processing (No.2)

Specification of facility

Madel Flue and smoke tube

Capacity 1.7 ton/hr

Draft and ventilation Forced ' drafl

Size of furnace 5089 x 2,000

Number® of burner One unit (natural gas burner)
Furnace pressure Unknown

Anciliary- facility None
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2) Specification of burner

Model

Type of fuel

Fuel consumption 112 m3/hr
Fuel pressure

Cone mix
Natural gas

3.2 kglemZg (primary)

3) Analytical data of flue gas

(Stack sampling data) 15:45/L.0ad at 40% of rating (Emission)

NOx (ppm)* 51 |Particulate maiter (g/Nm3) <0.0009 kg/hr
09 (%) T.1 | Flue gas temperature (°C) 154 NOx 0.02
CO (%) <0.05 Combuslioﬁ chamber outlet Q2 (%j - S09** -
COy (%) 7.2 Particulate { <0.0002

NOx at rated operation is estimated to be 120 ppm (0.05 kg/hr),

* Converted to oxygen concentration of 5%

** Calculated from analytical valuc of fuel

4) Observation

Same as for No.l boiler.

(3) Countermeasures, Expenses and Reduction Effects

1) Countermeasures

i) Countermeasures for boiler

Periodical combustion control with a portable Oz meter for operation at

optimum air ratio,

ii) Prevention of solvent leaking from the manufacturing process and

treatment of evaporated solvent

(a) To reduce the lcakage of solvent from the manufaciuring process

to a half, the manufacturing equipment should be cooled down to 5

to 7°C. This method is effective in improving solvent yield and in

improving product gquality.

(b) To treat thc cvaporated solvent, a solvent treatment furnace should

be installed.  The indoor air containing the solveant should be

ducted

to a gas burncr for direct
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installation of a wasle heat boiler to the treatment furnace and the

us¢ of catalytic oxidation are conceivable, they

arc  not

rccommended in place of the direct burning on account of high

installation cost and catalyst and other operation costs.

2) Expenses

i} For

Po'r

boiler operation with “appropriate air ratio

table O, meter US$ 2,400

ii) Expenses of the solvent leak prevention measure

(a) Currchtly, the factory is planning (o cool down the manufacturing

(b)

facility

Installation expenses of the direct burning furnace

ventifation duct will be utilized)
Nawural gas burner, duct, incinerator, etc.  US$ 113,200

(excluding customs duty, customs clearance expenses,

. freight, installation costs, ectc.)

3) Expected reduction effect

i) By

optimum air ratio combustion:

Fuel : 2% (3%)
NOx : 17% (23%)
PM : a slight increase, bul almost harmless

Values in () are for the 1.7 ton/hr boiler.

ii) Solvent leak prevention:

(a)

(b)

By cooling the manufacturing cquipment

HC: approx. 30%

By direct burning;

HC: approx. 90% for the HC containing air
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4) Summary of Control measures

{2)

Reduction ratio for the HC gas induced into the duct
- Potable Oy meter '

Table 5.2.6 summarizes thc control measurcs for the Chemical Product Factory
).
Table 5.2.6 Summary of Control Measure for Chemical Products Factory (C)
Current  Status Conirol measure
Fuel  type Natural gas Natural gas
Fuel consumption Natural gas 0.108 0.108
(105 m3/yr) .
Emission ‘NOx 0.032 0.032
Gonly) | pM < 6.002 < 0.002
Reduction ratio NOx 0
(%) PM 0
HC 90 (1)
Equipment cost (1,000US$) 115.60 €2)
Running cost (approx) (1,000US$/yr)
Facility depreciation (15 yrs) 7.7
Interest (first 5 .yrs:.8%) 9.2
Maintenance cost (5%) P 5.8
Natural gas 9.0 9.0
Total  (1,000US$/y) 9.0 31,7
Note: (1)

- Natuyral gas burner, duct, and incinerator for prevention of HC leakage.
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5.2.7 Chemical Products Factory (D)

1) Name of f{acility surveyed

2) Specification of facility
Model
Capacity
Draft and ventilation
Dimensions of furnace
Number of burner
Furnace préssurc
Ancillary faciliiy.

3) Specification of burner
Model
Type of fuel
Fuel consumption

Fuel pressure

4) Analytical data of flue gas

Boiler for Processing (No.4)

Water tube boiler

7.7 ton/hr

Forcdci_ draft

1,664W x 42000 x 2,200
1 burner

+10 mmAq

None

Ring type gas burner
Natural gas

770 Nm3/hr

850 mmAq

{Stack sampling data) 13:30/L.oad is approx. 70% of raling {(Emission)

NOx (ppm)* | 42 |Pariculate mauer (g/Nm3) | <0.0002 kg/hr
Q2 (%) 1.8 | Flue gas temperature (°C) 280 NOx 0.50
Cco (%) " 0.15 | Combustion chamber outlet 07 (%) - 0™ -
COo (%) 9.3 Particulate | <0.0061

*

Converted to oxygen conceniration of 5%

* % Calculated from analytical value of fuel

5)

Observation

This factory manufactures sodium and chloringe by electrolysis of common
salt. Sodium-mercury amalgam is produced during the process and there is

an outflow of as much as 150 g of mercury per month. Carc must be taken.

There are Iwo boilers operating in this factory with the same capacity of
7.7 ton/hr.  These are alternately used for heating salt water.  The boilers
are automnated and the load variation is large, so mecasurements were done

in the diagnostic survey by manual operation. "However, since the
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6)

7)

8)

maintenance was inadequate, the air ratio was incorrect, with 1,500 ppm of
CO generated at an oxygen level of 1.9%. But when the oxygen is brought to
a level of 2.3 to 3.0%, the CO was reduced (o less than 0.05%. Therefore it is

desirable that this furnace be operated at an oxygen level of around 2.5%.

Countermeasurcs

Combustion control by rcgularly using a potable O meter io achieve the

operation with the appropriate air ratio.

Expenscs

Portable Oz meter : US$2,400

{excl. customs duty, customs clearance expenses, and domestic freight)

Expected reduction effect

CO: Present CO concentration of 0.15% at 1.9% Q3 can be reduced
to 0.05% or less by opération with about 2.5% O,

NOx: Same level as present

PM: Same level as present; nearly zero
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5.2.8

Chemical Products Factory (E)

.1') Name of facility surveyed

2) Specification of facility

3)

Model

Capacity

Draft and ventilation
Size of furnace -
Number of burners
Furnace pressure

Ancillary facility

Specification of burner
Model

Type of fuel

Fuel consumption
Fuel pressure

Atomizing pressure

Boiler for processing (No.1)

Water-tube type

7.8 ton/hr

Forced draft

2,600% x 3,000 x 2,850
2 units

-7 ~ -8 mmH20

NMone

Steam atomization Lype
Heavy oil _

567 1/hr (estimated)
11.5 kg/cng _
11.5 kg/cng {steam)

4) Analytical data of flue gas

(Stack sampling data) 13:00/Load at 80% of rating {Emission)

NOx (ppm)* | 168 |Pariiculate matter (g/Nm3) 0.051 kg/hr

Gy (%) 7.0 |Flue gas temperature (°C) 295 NOx 1.7
.1 €O (I%)‘ <0.05 | Combustion chamber outlet 02 (%) - 502** 10
€Oz (%) o2 | Particulate | 0.29

- NOx at ratcd opcration is' estimated to be 225 ppm (2.3 kg/hr).

*

# %

5)

Converled to oxygen conceniration of 5%

Calculated from analytical valuec of fuel

Observation

This boiler is used (o gencrate process steam at this soap manufacturing
The boiler is

operated 24 hours a day, except for the period from 6:00 to 22:00 on Sunday,

and cooking oil refining plant and no drain is returned.

with the total opcration hours of 152 per weck.
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This watcr-tube boiler is a furnace type with an- induced fan; it was
installed in 1951, Control of combustion and water supply arc made

manually by boiler operators working threc shifts a day.

Loading, though varying with the status of the manufacturing process at

ecach plant, is madc under a certain established pattern for each day.

The bumer is the steam-atomization type, but its atomization performance
was not so satisfactory and the air ratio was more or less high, possibly due

to manual operation. The NOx concentration was 168 ppm as converted to
5% 02, which is not so high for a burner without NOx control. Though NOx

reduction may be possible by decreasing the air ratlio, there ‘is still a
concern about the effect of particulate matter. Since the wuse of
desulfurized heavy oil alone is not the adequate measure because of
unsatisfactory atomization by the existing burner, the use of low-NOx

burners is also considered necessary.
6) Countermeasures
i) Retrofitting of combustion cquipment (boiler)

(a) Combustion with a low air ratio through constant -monitoring of

the fluc gas Oy
(b) Installation of the low NOx burner
ii) Fuel change

{(a) Mixed combustion with 50% heavy oil and 50% diesel or natural gas

up to the supply start of desulfurized heavy oil

(b) When supply of desulfurized heavy oil is started, it should be used
exclusively (100%)

(¢} Emulsified combustion of desulfurized heavy oil should be taken

inlo consideration after thorough demonstration tesis.

7) Expenses

Retrofitting of the boiler for a low air ratio combustion, instaliation of the low

NOx burner and for mixed burning of hecavy oil and diesel
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i) Foreign portion

_ (US$)
(a) Survey and design | 1 set 3,900
{(b) Low NOx bumer (500 I/hr) 2 units 61,600
{c) Combustion control system and
- electric  instrumentation 1 set N 23,100
(d) Package and freight 1 set 10,800
(e) Travelling 1 set 3,900
() _Unexpected expenses (5% of the above) 5,200
Sub-total 108,500
ii) Local portion

(US$®)
- (g) Burner removal and installation work 1 set 1,600
~ (h) Local installation on-site supervision 1 set 3,100
(i) On-site instruction for lest operation 1 set : 800
(j) Customs and other taxes 1 set 27,950

(k) Warchouse, customs clearance, and
land freight (incl. IVA) I set 2,000
(D IVA (15% excl. | + k) 830
~ Sub-total 36,280
Total US$ 144,780

S)ISummary of Control Measures

Table 5.2.% summarizes the control measures for the Chemical Products Factory

(E).
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Table 5.2.8 Summary of Control Mcasurcs for Chemical Products Factory (E)
B Carrent  siatus Countermeasure
Heavy poil A B C
" Fuel type Heavy oil .Hcavy oit 50% | Desulfurized | Desulfurized
(Boiler No.1) Diesel 50% | heavy oil heavy oil
Combustion method - - - Emulsified
combustion
Fuel Heavy oil : o
consumption (103 m3/yr) 1.644 0.822 1.644 . 1,644
(lant total) | DI 1.383 2.205 1.383 - 1.383
NOx 18.2 10.2 13.1 10.2
Emission (ton/yr S0, 126..3 71.4 . .40..1 40,1
PM 3.4 2.9 2.9 2.3
NOx 44 28 44
Reduction ratio 50, 43 68 68
(%) PM 14 14 32
Equipment cosl 144.78 144,78 144,78
Running cost (approx.}(1,000U88)
Facility depreciation (15-yrs) 9.7 9.7 9.7
Interest (first 5 yrs: 8%) 11.6 11.6 11.6
Maintenance cost (5%) 7.2 7.2 7.2
Heavy- oil 127.5 63.7 - -
Diesel 284.6 453.7 284.6 284.6
Desulfurized heavy oil - - 178.9 o
Desulfurized heavy oil - - - 218.1
emulsion
Total (1,000USS$/yr) 412.1 545.9 492.0 531.2
Alternative B: Applicable after the start of supplying desulfurized heavy oil
Alternative C: Emulsified combustion of the  desulfurized heavy oil should be considered

after thorough demonstration tests.
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5.2.9 Peirochemical Products Faclory (A)

(1) Power Gencra_lion"'Bo'iler' (No.3)

1) Specification of facility

Model

Capacity
Draft and ventilation
Dimensions of . furnace

Number and layout of burners

Water tube  boiler

28 ton/hr
Forced draft

Furnace pressurc +19 mmAq

Ancillary facility

2) Specification of burner

Model

Type of fuel -

3,197W x 5,543D x 5,5000
3 (Two at the bottom and one at the iop)

Recuperator (30 — 220°C)

Gas and oil mixing type burner,

Gas: Lance type
Oil: Y - jet type

Heavy oil (only heavy oil is used at present)

Fuel consumption 885 .L/hr

Fuel pressure

Atomize pressure

4 kg/em?Zg

3) Analytical data of flue gas

8.5 kgfem2g (steam)

{Stack sampling daia) 13:30/Load is approx. 86% of rating {Emission}

NOx (ppm)* | 387 | Pparticulate matter (g/Nm3) 0.078 kg/hr
02 (%) 8.8 | Flue gas temperature (°C) 210 NOx 15.
CO (%) . <0.05 | Combustion chamber outlet Q2 (%) 3.3 o 120
COz (%) 9.6 Particulate | 2.0

NOx' at rated operation is estimated to be 390 ppm (18 kg/hr).

* Converted to oxygen concentration of 5%

* * (Calculated from analytical value of fuel

4) Observatio_n

This 28 ton/hr boiler is used for power generation.

The NOx concentration

of this boiler is high at 387 ppm (corrected to Oz = 5%), but the PM

concentration is quite low considering heavy oil combustion. The width of

this boiler with 3.2 m .is .small compared to its depth of 5.54m.

The three

burners are grouped together on the side wall (top stage 1 bumer, bottom
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5)

stage 2 burners), and are arranged for firing towards thc opposite wall,
Since the short ftames with high specd combustion arc requircd because of
the short distance between the burners and the wall, and a highly loaded
combustion region is formed due 1o the grouped flames of the group of
burners, the NOx concentration in this region becomes high.  Furthermore,
this high concentration region bends and flows towards the outlet,
therefore, the detention time for NOx generation is prolonged.  This is

considered to be the cause for the high NOx concentration.

According to the fluc gas analysis data, the oxygen concentration at the
combustion chamber outlet is 3.3%, and that at the recuperator outlet is
7.7%. From these figures it is apparent that therc is a leak in the

recuperator.  Immediate repair is neecded.
Countermeasures
i) Retrofitting of the b'oiler'
(a) Repair for eliminating the air prcheater leakage
{b) Low air ratio combustion by constant monitoring of the flue gas Oj

(c) Off-stoichiometric combustion and flue gas recirculation.
ii} Fuel change

(a) Mixed combustion with 50% heavy oil and 50% natural gas up to the

supply start of desulfurized hcavy oil

(b) When supply of desulfurized heavy oil supply is started, it should
be used exclusively (100%) '

(c¢) Emulsified combustion of. desulfurized heavy oil should be

considered after thorough demonstration tests.

iti) Installation of the NOx and O telcmecters for constant flue gas

6)

moniloring
Expenses for boiler retrofitting

Retrofitting for off-stoichiometric combustion, f{lue gas recirculation and low

air ratio combustion, as well as air preheater repair.
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i) Foreign portion
{(Us$)
(a} Survey and design 1 set 15,400
(b) Flue gas recirculation fan i set 16,200
(¢) Combustion control system and
cleetric  instrumentation 1 set 46,200
{(d) Local work on-sitc supervision I set 7,700
(e) On-sitec instruction for test operation 1 sct 5,400
'(f) Package and freight 1 set 5,400
(g} Travelling 1 set 10,400
{h). Unexpected expenses (5% of the above) 5.300
Sub-total 112,000
ii) Local portion
(US$)
(i) Duct fabrication (incl. heat insulation) I set 23,000
(i) Duct and fan installation and
electric instrumentation work 1 set 11,500
(k) On-sitc instruction for test operalion 1 set 2,300
(1) Customs and other taxes 1 set 13,000
{m) Warchouse, customs clearance, and
land f{reight (incl. IVA) 1 set 1,300
{n} IVA (15% excl. 1| + m) 5,520
Sub-total 61,620
Total US$ 173,620

(2) Power Generation Boiler (No.4)

1) Specification of facility

Model

Capacity 41
Draft and ventilation
Dimensions of furnace
Number of burners
Furnace pressure

Ancillary

Water tube boiler

ton/hr
Forced drafy

4 unils

+80 mmAg
facility

3-75

4,619W x 50810 x 5,600H

Recuperator (3'0 - 220°C)



2) Specificalion of burner

Model Gas and oil mixing type burner,
Gas: Lance type, Oil:. Y - jet type.
Type of fuel Natural gas (only natural gas is used at
present) -
Fuel consumption 1,140 Nm3/hr/burner
Fuel pressure 1 kg/cng

3) Analytical data of flue gas

(Stack sampling data) 14:30/Load is approx. 78% of rating (Emission)

NOx (ppm)* 194 | particulate matter (g[ng) <0,0001 kg/hr
02 (%) 7.4 | Flue gas temperature (°C) o270 NOx 12
CO (%) <0.05 | Combustion chamber outlet 02 (%) 5.5 soy™* -
CO2 (%) 6.7 . Particulate | <0.0035

NOx at rated opcra‘tion is estimated to be 195 ppm (15 kg/hr).
*  Converted to oxygen concentration of 5%

« % Caleulated from analytical value of fuel
4) Observation

The capacity of the boiler at 41 ton/hr is rather small considering the use
for power generation, but as a natural gas combustion boiler, the amount of
NOx gencrated is considerably large. The cause for the high NOx

concentration its considered to be ithe same as in the No.3 boiler,

The oxygen concentration in the exhaust gas at the combustion chamber
outlet was 5.5%, but that at the recuperator outlet was high at 7.4%.
Although it is lower than the No.3 heavy oil boiler, air leakage in the

recuperator may be occurring.  Proper maintenance is required,

Since the air ratio is too high for a gas combustion boiler, low air ratio

operation is necessary.
5) Countermecasures

i) Retrofitting of combustion facility

(a) Repair for eliminati_ng the air preheater leakage

(b) Low air ratio combustion through constant monitoring of the flue
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gas Oy

(c¢) Installation of the fan for flue gas rccircuation, and installation of

low NOx ' burners

ii) Continuous monitoring of the flue gas by installing the NOx, SOz, O2

telemeters
6) Expenses for boiler retrofitiing

Retrofitting for flue gas recirculation, low NOx burner installation, low air

" ratio combustion, and repair of air prchcater,

i) Foreign portion

(US$)
(a) Survey and design : 1 set 15,400
{(b) Flue gas ‘recirculation fan 1 set 17,000
{¢) Low NOx burner 1 set 206,200
(d) Combustion control syslem and
electric instrumentation 1 set 54,000
(e) Local work on-site supervision 1 set 23,100
(f) On-site instruction for test operation 1 set 7,700
(g) Package and freight 1 sct 10,700
(h) Travelling 1 set 10,400
(i) Unexpected expenses (5% of the above) ) 17.200
Sub-total 361,700
ii) Local portion
: : o (US$)
(j) Burner and duct removal work 1 set 1,600
(k) Duct fabrication (incl. heat insulation) 1 set 30,800
(1) ‘Burner installation . _ 1 set 2,000
(m) Installation of duct, fan and clectric
instrumentation 1 set 16,900
(n) On-site instruction for test opcration 1 set 2,300
(o) Customs and other taxes 1 set 82,700
(p) Warehbuse, customs clearance, and
 domestic freight (incl. IVA) 1 set 1,020
(q) Duct, eic. freight and crane rental 1 set 2,000
(r}y  IVA (15% excl. o + p) 8,340
Sub-total _ 147,660
Total US$ 509,360
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(3) Expenscs for Installation of Telemeteric Monitoring System for Flue Gas

Installation of NOx and Oy meters for the boilers No.1 and No.3 and SO;, NOx

and Oy meters for boiler No.4 for the continuous monitoring of flue gas by

the telemetric system.

1)

ii)

Foreign portion

(US$)
(a) Survey and design 1 set '7.700
(b) NOx, 8503, O; instrumentation 3 sels 128,000
(¢) Auxiliary units 3 scis 60,000
(d) Data logger 1 set 17,900
(¢) Installation work on-site supervision 1 set 8,500
(f) On-site instruction for test opcration 1 set 4,700
(g) Package and freight 1 set 38,000
(h) Travelling 1 set 12,260
i Jncxpected expenscs 2 of the abov 1
Sub-total 291,690
Local portion
- (US$)
(N Materials 1 set 6,300
(k) Survey assistant 1 set 1,600
(1) Installation works iset 6,500
(m) Test operation and adjustment 1 set 1,900
(n) Vchicle rental 1 set 3,300
(o) Customs and other taxes i set 56,210
(p) Warehouse, customs clearance, and ‘
land freight (incl. IVA) o lset 4,530
(q)_1VA (15% cxcl. o + p) | 2.940
Sub-total 83,280
Total US§ 374,970

(Telephone installation work and ceniral reception
included.) |
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(4) Summary of Control Measures

Table 5.2.9 summarizes the control measures for the Peirochemical Products

Factory (A).

Table 5.2.9 Summary of Control Measures f{or Petrochemical Producis Factory (A)

Current. status Counlermeasure
Heavy oil A B C
Fuel type (Notc) Heavy oil Heavy oil  50% Desulfurized | Desulfurized
' Natuiral gas 50%| heavy oil heavy oil
Combustion method i i i Emulsifi'cd
combustion
Fuel consumption g"g}'ym‘;i/‘xr) 18.0 9.0 18.0 18.0
(Plant total) Eaélériﬂf;:) 25.9 35.9 25.9 25.9
NOx "248.7 154.7 179.1 139.3
Emission 50, “ 1,080 540 238 288
(ton/yr) PM 17.5 8.75 14.0 10.5
NOx - 38 15 43
Reduction ratio 50, - 50 73 73
(%) PM - 50 20 40
Equipment cost Silgléﬁl:czm 682.98 682.98 682.98
(1,00008%) NOx, 50, . 374,97 374.97 174.97
telemeter
Running cost {approx.)(1,000U88%)
Facility depreciation (15-yrs) 70.5 70.5 70.8
Interest (first 5 yrs: 8%) 84.6 84.6 84.6
Maintenance cost (3%) 52.9 52.9 52.9
Heavy oil 1,395.9 698.0 - -
Natural gas 2,158.3 2,991.6 2,158.3 2,158.3
Desulfurized heavy oil - - 1,959.2 -
Desulfurized heavy oil emulsion - - - 2,387.7
Total (1,000US3/yr)) 3,554.2 3,897.6 4,325.5 4,754.0

Alternative B: Applicable after the start of supplying desulfurized heavy oil
Alternative C: Emulsified combustion of the desulfurized heavy oil should be considered

Note: Types of

gas as well as in the future.
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5.2.10 Peirochemical Products Factory (B)

(1) Power Generation Boiler (No.2)

1) Specification of facility

Model
Capacity .

Draft and ventilation

Dimensions of furnace

Waler lube boiler

40 ion/hr
Forced draft

Number of burner 1 burner

Furnace

Ancillary facility

pressure +200 mmAg

2) Specification of burner

Model Y-jet type
Type of fuel Heavy | oil
Fuel consumpiion 3,400 1/hr
Fuel pressure 4 kg/cng

Atomizing pressure

3) Analytical data of flue gas

12:30/Load is approx. 65% of rating

2,196W x 7,381D x 4,674H

Air preheater (30 > 170°C)

6 kg/cng (stecam)

(Emission)

(Stack sampling _da;a]

NOx at raled operation is estimated to be 275 ppm (32 kg/hr).

*  Converled to oxygen concentration of 5%

* % Caiculated from analytical value of fuel

4) Observation

NOx (ppm)* 250 | particulate matter  (g/Nm3) 0.037 kg/tr
Q2 (%) 5.2 | Flue gas temperature .(°C) 217 NOx 19
CO (%) <0.05 | Combustion chamb.er outlet 02 (%) 2.9 302"‘* 130
CO2 (%) 11.0 Particulate 1.4

This plant manufactures chemical fibers such as nylon and polyestcf.

The boiler No.2 is used for power gencration.

42 kgfcm2g and steam temperature is 385°C.

The . drum pressure is

the time of the diagnostic survey was 3,400 kw/hr.

The power generation rate at

The NOx concentration of 250 ppm is an avcrage' value for heavy oil
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combustion boilers.  The PM concentration of 37 mg/Nm3 is rclatively low
for hcavy oil combustion boilers.  The  flue gas oxygen concentration of
2.9% at the combustion chamber outlet is an appropriate value for
operation, and combustion control is also properly made. However, the
oxygen concentration in the flue gas at the smokc tube is as high as 5.2%.
Therefore,  there is doubtlessly air leakage in the recuperator probably due

to low temperalure corrosion.

5) Countermeasurcs

6)

i} Retrofitting of combustion cquipment

(a) Air prcheater repair

(b) Low air ratio combustion by regular monitoring of the flue gas O3

~ (¢) Flue gas recirculation by installing the flue gas blower and low

NOx burner installation
ii) TFuel change

(a) Mixed combustion with 50% heavy oil and 50% diesel or natural gas

~up to the supply start of desulfurized heavy oil

(b) When supply of desulfurized heavy oil is started, it should be used
exclusively (100%)

{c) Emulsified combustion of desullurized heavy oil should be taken

into consideration after thorough demonstration tests.

iii) Regular monitoring of the flue gas by installing the NOx and SO

telemeters
Expenses for boiler retrofitting

Low NOx burner, flue gas recirculation, low air ratic combustion and air

preheater  repair,

i) Foreign portion .
(US$)

(a) Survey. and design 1 sei 19,300
(b) Low Nox burner : 1 set 107,700
(c) Flue gas recirculation fan 1 set 32,300
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{d) Combustion control system and

instrumentation 1 sel 46,200
{(e¢) On-sitc work supcrvision 1 set 15,400
(f) On-site instruction for test opcration 1 set 7,700
(g) Package and freight 1 sct 16,200
(h) Travelling 1 set 12,100
(i) __Uncxpected expenses (5% of the above) 12,800
Sub-total _ 269,700
ii) Local portion
(US$)

(j) Burner removal 1 set 1,600
(k) _Duct fabricati_on 1 set 27,000
(13 Burner, duct, fan installation 1 set 5,400
(m) Electric instrumentation installation 1 set - 15,400
(n) Test operation and adjustment 1 set 2,300
(o) Customs and other taxes 1 set 58,900

(p) Warchouse, customs clearance, and
land freight (incl. IVA) 1 set 6,000
(q) Duct, ectc. freightage and crane rental 1 set 2,000
() IVA (15% excl. 0 + p) 8.000 -
Sub-total 126,600
Total US$ 396,300

Note: For other beilers which are of the same type as the No.2 boiler,

the same retrofitting expenses (US$ 396,300) is applicable.

{2) Boiler for Processing (No.3)

1) Specification of facility

Model _ Water tube boiler
Capacity 13 ton/hr

Draft and ventilation Forced draft

Dimensions of furnace 1,767W x 4,6270 x 2,400H
Number of burner 1 burner '
Furnace pressure +20 mmAgq

- Ancillary facility None
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2) Specification of burner

Model Y-jet type

Type of fuel Heavy oil

Fuel consumption 1,200 l/hr

Fuel prcssuré 4 kg/cng

Atomizing pressure 6 kg/cng {steam)
3) Analytical daa of flue gas
(Stack sampling data) _12:30/Load is approx. $0%_ of rating (Emission)
NOx (ppm)* 336 | Parliculate meter (g/Nm3) 0.23 kg/hr
Oy (%) 5.8 | Flue gas temperature (°C) 253 NOx 4.0
CO (%) <0.05 | Combustion chamber outlet Q2 (%) - Sop**
COy (%) 12.0 Particulate

NOx at rated operation is estimated to be 370 ppm (8.8 kg/hr).

#

* %

4)

Converted to oxygen concentration of 5%

Calculated from analytical value of fuel
Observation

The boiler No.3 is used for heating, humidity conditioning, and drying in
the production processes. The load variation of this boiler is very high,
and its operation was changed over to manual mode at the time of the

diagnostic survey.

The NOx concentration of 336 ppm is gquitc high. Although the PM
concentration was 230 mg/Nm3, this value is not so high for the heavy oil
combustion. The oxygen concentration of the flue gas at the combustion
chamber outlet at 5.8% lies in the appropriatc range. Bui this boiler has a
long and slender combustion chamber in compaﬁson to cross sectional
area. Consequently, when reduction of NOx gencration is attempted by slow
combustion with a long flame, the flame will run along the side wall of the

combustion chamber, and carbon deposits will be formed on the side wall.

~To avoid these, high spcc'd combustion is employed that may have caused an

-abnormally high NOx concentration.
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5) Countermeasures

6)

i) Retrofitning of combustion cquipment

(a)
(b)

(c)
ii) Fuel

(a)

(b)

(¢)

Low air ralio combustion by regular monitoring of the flue gas Oy

Flue gas recirculation by installing the flue gas blower and low

NOx burner installation

Two-stage combustion
change

Mixed combustion with 50% heavy oil and 50% dicsel or natural gas

up to the supply start of desulfurized heavy oil

When supply of desulfurized heavy oil is started, it should be used
exclusively (100%)

Emulsified combustion of dcsulfuriz_ed heavy oil should be taken

into consideration- after thorough demonstiration tests.

iii) Regular monitoring of the flue gas by installing the NOx, SO0z and O3

telemeters

Expenses for boiler retrofitting

Rebuilding of burners, etc. for 2-stage combustion, flue gas recirculation

and low air ratio combustion

i} Forcign portion

(US$)
(a) Survey and design 1 set 9,300
(b) Burner 1 set 77,000
{c¢) Flue gas recirculation fan 1 set 12,300
V(d) Combustion contrel instrumentation
and clectric system I set ' 27,000
(¢) On-site work supervision I set 5,400
(f) On-site instruction for iest operation 1 set 5,400
(g) Package and f{reight 1 set 14,000
(h) Travelling 1 set 11,200
(i} _Uncxpected cxpenses (5% of the above) 8.080
Sub-total 169,680
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ii) Local portion

(US$)

(j} Burncr removal and installation 1 sct 1,600

(k) Duct fabrication 1 sct 17,700

(1) Burner, duct, fan installation 1 sct 2,000

{m) Electric instrumentation installation 1 set 13,500

(n) Test operation and adjustment 1 set 600

{0) Customs and other taxes 1 set 36,840
{p) Warchousec, customs clearance, and

land freight (incl. IVA) 1 set 2,400

(q) IVA (15% excl. o + p) 5370

Sub-iotal 80,410

Total US$ 250,090

(3) Regular Monitoring for the Flue Gas by NOx, 80O, and Oy Telemeters

Expenses for telemeter instrumentation system on the stacks of No.2 and
No.3 boilers.

i) Forcign portion

(US$)

(a) Survey and design 1 set 6,200
(b) NOx, 5§04, O3 instrumeniation 2 sets 118,600
(¢) Auxiliary units 2 sets 41,100
(d) Data logger 1 sct 17,900
(e) Imstallation work on-site supervision I set 8,500
(f) On-site instruction for test operation 1 set 4,700
(g) Package and freight 1 set 25,900
(h) Travelling 1 sct 11,900
(i) Unexpccted expenses (5% of the_above) 11,740
Sub-total 246,540

ii) Local portion

(US$)

(j) Materials 1 set 4,200
(k) Survey assistant 1 set 1,300
(1) Installation expenscs 1 set 4,400
(m) Test operation and adjustment 1 sct 1,400
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(n) Vehicics

2,200

{(0) Customs and other taxes 41,690
{(p) Warehousc, customs clearance,

land freight (incl. IVA) 3,250

(@) IVA (15% excl. 0 + p) 2,030

Sub-total 60,470

Total US$ 307,010

(Telephone installation work and central reception

inciuded.)

system

are not

Note: Boilers No.l and No.2 are operéied alternately, and accordingly,

the monitoring system is also to be operaéed alternatively.

{(4) Summary of Conirol Measures

Table 5.2.10 summarizes the control measures for the Petrochemical

Products Factory (B). -
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Table 5.2.10 Summary of Control Mecasures for Petrochemical Products Factory (B)

Current Countermeasure
status A B s,
Homy O | B o o . | b s 00
Combustion method - - - Emulsified
: combustion
f::slumplion iflcg;*ymgi;yr) 30.72 15.36 30.72 30.72
Diesel . 15.36 . .
(103 mdfyr) '
NOx 261.8 128.3 164.9 128.3
Emission SO, 1,843.2 1,075.2 491.5 491.5
(ton/yn) | pM 26.0 20.8 20.8 . 15.6
NOx 51 _ 37 51
Reduction ratio 5G; ' _ 41 73 73
(%) PM 20 20 40
Equipment  cost ff;;ﬁfs“ezm | 1,042.69 1,042.69 1,042.69
(1,000US%) NOx, S0, : 307.0t 307.01 307.01
- telemeter
Running cost (approx.){1,000US%)
Facility depreciation (15-yrs) 90.0 90.0 90.0
Interest (first 5 yrs: 8%) 108.0 108.0 108.0
Mainteﬁande cost {5%) _ . 67.5 67.5 67.5
Heavy oil | ' 23824 | 11912 . -
Diesel L _ 3,160.8 - -
Desulfurized hcavy oil - - 3,343.7 -
Desulfurized heavy oil emulsion . L _ - 4,075.1
Total (1,000US$/yr | 2.382.4 | 4.617.5 . 3,609.2 4,340.6

Alternative B: Applicéblc afier the start of supplying desulfurized heavy oil.
Alternative C: The emulsifued combustion of desulfurized heavy oil should be considered after
thorough demonstration 1ests.
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5.2.11 Petrochemical Products Factory (C)

1) Name of facility surveyed Boiler for processing (No.1)
2) Specification of facility

Model Flue and smoke tube type

Capacity 2.4 tonfhr

Draft and ventilation Forced draft

Size of furnace 5649 x 3,500L

Number of burner One unit

Furnace pressure Unknown

Ancillary facility None
3) Specification of burner

Model Air pressurc atomization type

Type of fuel Heavy oil

Fuel consumption 158 l/hr (Rating)

Fuel pressure 1.6/0.6 kglcm?
4) Analytical data of fluc gas
(Stack sampling data 13.00/Load at 85% of raling {Emission)
NOx (ppm)* 346 | particulate matter” (g/Nm3) 0.19 kg/hr
02 (%) 8.3 ‘| Flue gas temperature (°C) 250 NOx 1.1
CO (%) <0.05 | Combustion chamber outlet O (%) - 502** 7.4
CQ3 (%) 8.0 Particulate 0.23

NOx at rated operation is estimated to be 400 ppm (1.3 kg/hr).

* Converted to oxygen conceniration of 5%
*% Calculaied from analytical value of fuel
5) QObservation

This is a flue and smoke tube boiler made by Cleaver Brooks, which
gencrates steam to heat a reaction oven which produces various resins. It
is operated continuously from 6:00 on Monday to 22:00 on Saturday, 136
hours a week, but the load is low at around 30%. Though the combustion
load was raised to about 85%, the NOx concentration remained almost
constantly high at 346 ppm as converted to 5% 02, regardless of the loading

rate.

5-88



The combustion chamber load and the combustion chamber section load

woere high, as well as the air ratio, resolting in the high NOx concentration.

Conceivable countermcasures include optimization of the air ratio,

recirculation of flue gas, and use of a low-NOx burner.

6) Countermeasurcs

7)

i) Retrefitting of combustion equipment

Automatic combustion control, low air ratio combustion and flue gas

r¢circulation
ii} Fuel change

{a) Mixed combustion with 50% heavy oil and 50% diesel or naiural gas

~up to the supply start of desulfurized heavy oil

(b) When supply of desuifurized heavy oil is started, it should be used
exclusively (100%)

{(c) Emulsified combustion of desulfurized heavy oil should be taken

into consideration after thorough demonstration (ests.

Expenses for boiler retrofitting

Rebuilding for flue gas recirculation, low air ratio combustion and

automatic control.

i) Foreign portion

. (US$)
(a) Survey and design 1 sct 3,900
(b) Flue gas rccirculation fan : 1 set 8,500
(¢} O, meter 1 set 3,100
(d) Package and freight 1 sei 1,100
(e¢) Travelling | 1 set 3,900
(£} _Uncxpected expenses (5% of the above) 1,025

Sub-total 21,525
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ii) Local portion

'(US$)

{(g) Wind box repair 1 set 7,700

{(h) On-site installation supervision 1 sct 1,100

(i) On-site instruction for tcst opcration 1 sct | 800

{j) Customs and other taxcs I set 3,660
(k) Warchouse, customs clearance, "and _

domestic freight (incl. IVA) 1 set 605

(D IVA (15% excl. i + k) : 1,440

Sub-total _ 15,305

Total US$ 36,830
8) Summary of Control Mcasures

Table 5.2.11 summarizes the control measures for the Petrochemical Products

Factory (C).
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Table 5.2.11 Summary of Control Mcasures for Petrochemical Product TFactory

Curreni Countermeasure
statis A B o
Fuel type Heavy ol Do s0q ill)c:(;svl;(lrc:]irlizli;:)% ﬁ:?;”c:lirlii%%%
Combustion method - - . Emulsified
CoL combustion
Fuel iileg;rymgi/lyr} 0.354 0.177 0.354 0.354
consumption Diesel A 0.177 ) i
(103 m3/yr)
NOx 7.8 4.4 5.6 4.4
Emission S(jz 21.2 12.5 4.9 4.9
(ton/yr) PM 1.6 1.3 1.3 1.0
NOx - 44 28 44
Reduction - ratio 50, - 41 73 73
(%) PM - 20 20 40
Equipment cost  (1,000US58%) 36.83 36.83 36.83
Running cost (approx.)(1,000US8§)
Facility depreciation (15-yrs) 2.5 2. 2.5
Interest (first 5 yrs: 8%) 2.9 2.9 2.9
Maintenance cost (5%) 1.8 1. 1.8
Heavy oil ' 27.5 13.7 - .
Diesel - 36.4 - -
Desulfurized heavy il | - ; 38.5 ;
Desulfurized heavy oil emulsion - - . 47.0
Total (1,000US$/y1) 275 57.3 45.7 54.2

Alternative B: Applicable afier the start of supplying desulfurized heavy oil.
Alternative C: The emulsified combustion of desulfurized heavy oil should be considered
after thorough demonstration tests.
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5.2.12 Asphalt Plant

1) Name of facility surveyed

2) Specification of facility

3)

Model

Capacity

Draft and ventilation

Construction and dimensions

of furnace

Number of burner
Furnace pressure
Furnace iemperature

Ancillary facility

Specification of burner
Model

Type of fuel

Fuel consumption

Fuel pressure

Atomizing pressure

Asphalt Kiln (No.1, No.2 and No.3)

Rotary kiln with asphalt mixing chamber
‘(No.1 and No.2)

Rotary kiln without asphalt mixing chamber
(No.3)

250 ton/hr (No.1 and No.2)
200 tonfhr (No.3)
Induced draft (No.l, No.2 and No.3)

Rotary horizontal iype 2,5009 x 12,000&
(No.1 and No.2)

Rotary horizontal type 2,500 x 8,000l (No.3)
Oil bumer: 1 cach (No.1, No.2 and No.3)
—2'mmAq _

200°C

Bag filter (No.1)

Wet cyclone (No.2) _ _

Cyclone and bag filter (No.3)

Low air pressure atomizing type
(No.1, No.2 and ‘No.3)

Diesel (No.1, No.2 and No.3)
1,500 l/ar (No.1 and No.2)

1,000 i/br (No.3)

1 kg/em?g _ _

1,000 mmAq (air)
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4} Analytical data of flue ga's

i) No. ! Asphalt manufacturing kiln

NOx at rated operation is estimated to be 160 ppm (6.2 kg/hr).

* Converted to oxygen conceniration of 5%

* % Calculated from analytical value of fuel

5) Observation

(Stack sampling data). 14:00/Load is approx. 50% of raling {Emission)
NOx (ppm)* 167 | Particulaic mater (g/Nm3) - L9 kg/hr
Oy (%) 16.7 - F_lue gas temperature (°C) 104 NOx 3.7
CO (%) <0.05 | Combustion chamber outlet Q7 (%) 13.8 50" 15
COp %) - 2.6 Pasticulate 76
NOx at rated operation is estimated to be 185 ppm (8.2 kg/hr).
* Converied to oxygen concentration of 5%
* % Calculated from analytical value of fuel -
ii) MNo. 2 Asphall manufacmring'kiln

(Stack_sampling data) 12:00/Load is approx. 50% of rating {Emission)
NOx (ppm)* 217 | particulate matter (g/Nm3) 3.0 kg/hr
02 (%) "16.2 | Flue gas temperature (°C) . 9% NOx 3.7
CO (%) 0.05 | Combustion chamber outlet Oz (%) | 12.4 S0y 15
CQz (%) 3.7 Particulaie 83
NOx at rated operation is estimated to be 240 ppm (8.2 kg/hr).

¥ Converted to oxygen concentration of 5% -

**  Calculated from analytical value of fuel

iii) No. 3 Asphalt manufacturing kiln

(Stack sambﬁngdéla) 13:30}L03d is_approx. 80% of rating (Emission
NOx (ppm})* 160 | Particulate matter (g/Nm3) 6.2 kg/hr
02 (%) 16.5 | Flue g& temperature (°C) 88 NOx 5.0
CO (%) <0.05 | Combustion chamber outlet 02 (%) - - 0™ 17
COs (%) 2.9 Particulate 340

“Three ~asphalt kilns arc presently - in  operation in this asphalt mix

manufacturing factory for paving roads under the direct control of D.D.E.
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This factory is located in a hollow basin of 309m x 518 m. The volcanic
rock from the side walls surrounding the factory is cut out, and petroleum
based asphalt is mixed with the crushed stones of 5-10 mm and asphalt

for paving roads -is produced.

Of the 3 plants, No.1 and No.2 are the same type and have the same
capacity (250 tonfhr). The raw material, crushed stones, is introduced at
the location of the low air pressure atomizing burner in the rotary kiln for
drying, and is dried while rotating and moving in the same direction as the
flow of the burnt gas (parallel flow. type. direct drying system with direct
flame of 900°C and combustion gas). The asphalt No. 6 heaied up between
130°C and 160°C in the rotary kiln is mixed by 7% to make product.

For dust collection, the No.1 and No 3. . planis make use of the bag filter,
the No.2 plant makes use of the wet type cyclone. The No.3 plant dries the
crushed stones and asphalt mixing by means of independent systems. The
No.3 rotary kiln is used only for drying employing a counterflow method
in which the crushed stoncs are loaded from the opposite side of the
burncrr, and rotated and shifted to the direction oﬁposité to the flow of

combustion gas.

The analysis of fluc gas indicate that the quantity of particulate matter
emission is extremely large.  This .is because of scattering of small and
minute particles of the raw materials. A horizontal rotary wet cyclone of
plant No.2 is not able 1o collect dust, such as minuiec particles of sand
sticking to the crushed stones. Bag filters have been installed in No.1 and
No.3 but the PM emission concentration is 1.9 g/Nm3 for No.1 and
6.2 g/Nm3 for No3, which arc about 10-100 times the quantity of a

normal factory,

The plant is planning to change the No.3 rotary kiln to a double-drum
type.  Although this change will lead to improvement of pfoductivity, no
reduction in the dust emission is expected. Effort must be made to prevent

the dust emission,

Another problem is the generation of CO . observed in No.2 plant.  This
could be attributed to defect in combustion by the low pressure  atomizing
burner. But since the fuel is diesel, and NOx of 217 ppm is compafativc'}y '
high, the cause is not considered the combustion defect Eut the pmcess' in

which petroleum based tar is mixed with crushed stones inside the kiln. 1In
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6)

7)

other words, there is a possibility that when the combustion gas comes in
contact with tar inside the furnace, part _of the tar vaporizes or burns and
is emitted as HC or CO from the stack. To confirm this, further investigation
is nccessary.  With regard to No, 1 and No.2 plants, there scems to be

inherent defects in the system including poor heating efficiency.

Since this factory is located in a narrow basin, the work environment is
also poor, and the particulai¢ matter and noise pollutions around the plant
are. very severe. The transportation of raw material from outside to the
factory is made by 25 ten-ton trucks and 6 forty-ton (trailers, and the
transportation of 2,500 tons of products from the factory is done by 200
twelve-ton trucks. In addition, there is a considerable dcgree of dispersion
of dust in the s'urrou.ndings when it is withdrawn from the dust collector

causing scverc pollution of the environment.
Countermeasures

Although the plant is considering relocation of the crushing process only,
relocation of the whole plant is desirable in view of environmental

protection,
Cost

Roughly cstimated at about US$3.0 million : major facilitics at US8$ 1.2

million and auxiliary facilities at US$ 1.8 million.
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5.2.13

(1)

f)

2)

3) Analytical data of flue gas

Cement Factory

Cement Kiln (No.4)

Specification of facility
Model

Capacity

Draft and ventilation
Number of burners
Furnace pressure
Furnace temperature

Ancitlary facility

Specification of burner
Model

Type of fuel

Fuel consumption

Fuel pressure

Primary air pressure

13:20/Load is approx, 90% of rating

Rotary kiln with suspension prcheater (SP)
96 ton/hr

Induced draft

1 for kiln, 4 for SP
-2 mmAq

1,200°C

Gas cooling tower 1 unit,

Electrostatic _precipitator: 3 units

Mechanical atomizing dual flow type
(Pillard type)

Hcavy oil

8,850 1/hr (kiln burner)

1,100 l/hr (SP burner)

40 kg/cng (kiln burner)

. 850 mmAq

{Stack sampling data) (Emission)
NOx (ppm)* | 379 | particulate matter (g/Nm3) 0.43 kg/hr
02 (%) 7.5 |Flue gas temperature (°C) 143 NOx 66
CO (%) <0.05 Cémbuslion chamber outlet 02 (%) | 6.5 SOy -
COy (%) 22, x** Particulate 43
NOx at rated operation is estimated to be 385 ppm (74 kg/hr).

4)

Converted to ~oxygen concentration of 5%

Calculated from analytical value of fuel

Observation

This is the only cement plant in the metropolitan area,

that a sufficient care is taken to prevent air pollution.

* Includes COQ; gencrated through drying of raw materials (CaCO3) ctc.)

The plant asserts
However, the high

NOx and PM concentrations {(respectively, 379 ppm and 0.43 g/Nm3) must
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be reduced. Especially, the high PM concentration, despite the use of the
clectrostatic  precipitator, may mecan either poor performance or poor

maintenance of the precipitator.

Furthermore, this rotary kiln is provided with a suspension prcheater, but
its unit fucl consumption of 1,030,000 kcal/fton is higher than the average
of Japanese rotary kil.ns equipped with a pre-calciner by 300,000 kcalfton,
or 30%; hence more energy should be saved. The comparatively high 02

concentration of 6.3 to 8.2% in the fluc gas before the precipitator suggests
excessively high air ratio combustion. The Of concentration should be

maintained.
5) Countermeasures
i) Retrofitting of combustion equipment

(a) Installation of a precaléincr on S.P. kiln (30% reduction of unit

fuel consumption)

(b) Low air ratio combustion
(c) Installation of electrostatic precipitator
ii) Fuel change

(a) Mixed combustion with 50% heavy oil and 50% natural gas until the
supply start of desulfurized heavy oil

(b) Mixed combustion with 50% desulfurized heavy oil and 50% natural

gas after the supply start of desulfurized heavy oil

iii) Continuous monitoring of the flue gas by installing the NOx, SOz and O3

telemeters.
6) Expenses for facility retrofitting

A precalciner should be installed between the existing suspension
preheater and the kiln, and a new duct for introducing the hot air from the
clinker cooler should be installed. As the addition of the precalciner will
increase the output more than 20%, the clinker <c¢ooler should be

remodelied.
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Tentative cost estimation ig as follows.

i) Forcign portion

(US$)

(a) Preheater (incl. foundation and tower) 13,850,000
(b) Clinker cooler (remodelling and new ductling 3,850,000
(¢)__ Electrostatic _precipitator 4,620,000
Sub-total 22,320,000

Total 22,320,000 x 2 = UUS$ 44,640,000

With this retrofitting, the unit fuel consumption per SP kiln may be
reduced by about 30%; from the present 1,030,000 kcalfton 1o 700,000
kcal/ton. Note that the above rctrofiliing costs are only a rough
estimatc for normal installation. They need adjustment depending on
the degree of difficulty of the work and change in material costs

according to the availability of local materails.
7) Expenses for telemctric monitoring system of the flue gas of the SP kiln

NOx, S0O;, O telemeters for constant monitoring of the flue gas are to be

installed.

i) Foreign portion

{(US$)

(a) Survcy and design 1 set 7,700
(b) NOx, SO,, O,, instrumentation 3 sels 177,900
(c¢) Auxiliary units 3 sets 60,000
(d) Data logger 1 set 17,900
(e) Installation work on-silc supervision 1 set 8,500
(f) On-site instruction for test operation 1 set 4,700
(g) Package and freight i set 38,800
(h) Travelling 1 sct 12,200
(i) Uncxpected _expenses (5% on_the above) 16.390
' Sub-total 344,090

i1} Local portion

(US$)

(j) Matcrials - 1 set 6,300
(k) Survey assistanl 1 set 1,600
(1) Instiallation expenses 1 oset : 6,500
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(m) Test opcration and adjustment 1 set 1,900

(n) Vehicle rental 1 set 3,300

(0) Customs and other taxes 1 set 69,830
{p) Warchouse, customs clearance,

land freight (incl. IVA) 1 set 5,200

() _IVA (15% excl. o and p) 2.940

Sub-total 97,570

Total | US$ 441,660

(Telephone installation work and central reception system are not
included.)

(2) Cement Matcrial Dryer (No.8)

1) Specificalion of facility

Model Hot air heater

Capacity. 180 ton/hr

Draft and ventilation Balanced draft

Structure of furnace Horizontal cylindrical furnace
Number of burner 1 unit

Furnace pressure -25 mmAg

Furnace lemperature 670°C

Ancillary facility Electrostatic precipitator, 1 unit

2) Specification of burner

Model Gas-oil mixed combustion (Gas: ring type,
Oil:  Y-jet type)

Type of fuel _ Natura! gas (Currently, only natural gas is
burned.)

Fuel consumption 740 Nm3/hr

Fuel pressure 1 kg/cng
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3) Analytical data of flue gas

(Stack sampling data) 15:00/Load is_approx, 87% of rating (Emission)
NOx (ppm)* | 112 |Pariiculate matter (g/Nm3) <0.0001 kg/hr
0y (%) 17.3 | Flue gas temperature (°C) | 95 NOx 1.3
CO (%) <0.05 | Combustion chamber outlet 02 (%) 16.’6 . _502** -
COy (%) 1.5 ' Particulate [{<0.0029

NOx at rated operation is estimated to be 385 ppm (74 kg/h).

*

* %

4)

5)

(3)

Converted to oxygen concentration of 5%.

Calculated from analytical value of fuel

Observation

This system introduces blasts at about 670°C to the crusher during the
process of crushing limestone, one of the cement raw materials, and
simultaneously dries the powder which initially contains 3.5% moisture.
The system then discharges the 95°C flue gas to the outside via a ‘cycione

and an electrostatic precipitator.

The NOx and the PM concentrations (respectively, 112 ppm and <0.0001 .
g/Nm3) present virtually no problem; ecspecially the low PM concentration
may be ascribed to the high performance and satisfactory maintenance of
the electrostatic precipitator, in contrast to those of the eclectrostatic

precipitator for the rotary kiln,

The existing three raw material drying furnaces currently burn only
natural gas, but reporiedly, there is a plan to reconvert them to oil buming
in the near futurc. When this plan is implemented, NOx reduction will
become necessary even when desulfurized heavy oil is used. Thercfo're,
instead of equipmenl inveétmcnt for NOx reddction, continuing use of

natural gas is desirable.
Countermeasures

No countermeasures Scem  necessary.

Summary of Control - Measurcs

Table 5.2.13 summarizes the control measures for the Cement Factory.
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Table 5.2.13 Summary of Control Mecasures for the Cement Factory (A)

Current  status | Countermeasure
A l B
Fuel type Heavy oil Heavy oil  50% | Desulfurized
' heavy oil _ 50%
Natural gas Matural gas 509% | Natural gas 50%
Fucl consumption illeg;ymg;lyr)  174.96 : i s 15
gﬂé‘;ﬂsﬁs 12.44 76.59 76.59
NOx 1,330.5 785.1 785.1
Emission = S0, 7.348.3 2,309.4 1,026.4
{tonfyr) PM ' 848.0 84.8 84.8
NOx - 41 41
Reduction ratio S04 - 69 86
(%) PM - 90 90
Equipment. cost E;eigrsiesm . 44,640.0 (D 44,640.0 (V)
{1,000U83%) NOx, 50, 441.6 441.6
telemeter
Running cost (apprex.)(1,200US88)
Facility depreciation {15-yrs) ' 3,005.5 3,005.4
Interest (first 5 yrs: 8%) 3,606.5 3,606.5
Maintenance cost {5%) 2,254.1 2,254.1
Heavy oil 13,568.3 4,974.9 -
Diesel 1,036.7 6,382.5 6,382.5
Desulfurized heavy oil - . - 6,982.3
Total (1,000US$) 14,605.0 20,2234 22,230.8

Alternative B: Applicable when the supply of desulfurized heavy oil is started.
Note: (1) The introduction of precalciners to the two SP kiln systems is expected o save
energy by 30% for each systen:.
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5.2.14 Glass Factory (A)
1) NMame of facility surveyed Glass Melting Furnace (B)

2) Specification of facility

Model Tank oven

Capaci'ty 230 ton/day

Draft and ventilation Forced draft

Size of furnace 6,600% x 15,0000 x 1,500H

Number and layout of burners Air/heavy oil burners; 18 for melting
tank, 2 for worki.ng tank

Furnace pressure +0.03 mmAq

Furnace temperature 1,536°C

Ancillary facility Recuperator (30 — 637°C)

3) Specification of burner

Model Exterior mixing high pressure air atomizing
type '

Type of fuel Heavy oil

Fuel consumption 70 1l/hr x 20 burners

Fue! pressure 2 kglem?g

Atomizing pressure - 2 kglemZg (air)

4) Analytical data of flue gas

{Stack sampling data) 13:30/Load is approx. 75% of rating {Emission)

NOx (ppm)* | 570 | Pparticulate matter (g/Nm3) 0.76 kg/hr
02 (%) 2.9 {Flue gas temperature (°C) 810 NOx 15
CO (%) <0.05 | Combustion chamber outlet O3 (%) || — 502** 74
COa2 (%) 17.4 _ Particulate] 8.6

NOx at rated opcration is cstimated to be 580 ppm (15 kg/hr).
* Converled to oxygen concentration of 5%.

**  Calculated from analytical value of fuel

5) Observation

This is a tank oven for glass bottlc manufacture, with 20 heavy oil burners
with air atomization. The air is prcheated in a recuperator type heal

exchanger.
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6)

The rccuperator type preheater is common with small ovens around
10 ton/day, but is very rare for medium and large ovens. Since heat is
exchangéd throngh metal walls in a recuperator, the air temperature is
restricted by the material; the upper limit is around 800°C (1,000°C in
special cases). In contrast, regeneralive heat exchangers using brick as
the heat exchange media can preheat 1o 1,000 to 1,250 °C and give higher
thermal efficiency. However, since the NOx concentration is lower at lower
preheated témpcralurcs, the recuperator type preheater makes the NOx
concentration lower. The plant pcrs'on'nel are making rcasonable efforts 1o
reduce NOx through appropriately low O3 combustion; as shown in Table
4,22 in the text, the NOx concentration measured during the previous JICA
study at 1,858 ppm had been reduced to about 1/3, or 570 ppm at the time of

the present survey.

The plant is now planﬂing to generate power by the waste heat boiler
through recovery and utilization of flue gas heat. However, as glass
material dust generaled in the high temperature oven is expected to be
deposited in the boiler tube, ctc. as the tempcerature drops, this will
eventually block the gas passage. Unless this can bc prevented, it will be

hard o realize this plan,

Since a large amount of glass fume is generated as described above,
adoption of simple denitration will present a problem. Therefore,
reduction of furnace loading through appropriate combustion control is

desirable as a NOx control measure.

This factory wants to change fucl to natural gas, and agreed to cut heavy oil
consumption by 30% during the period from January 23 to February 23,
1991.

Countermeasures
i) Retrofitting of combustion equipment

(a) Low air ratio combustion by continuous moniioring of the flue gas

O

{(b) Recduction of the combustion chamber load; increase of chamber
ceiling height for larger capacity and increase of radiation

surface area, and reduction of combustion load below 70,000
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kcal/m3shr, =~ If heat becomes insufficient for the process, NOx-
free electric heaters should - desirably be used as a supplementary

heat  source.

(c) Reduction of unit fuel consumption through improvement of

thermal insulation on furnace ceiling
(d) Usc of raw material with a low nitrate content
(e) Instailation ‘of electrostatic .precipitator
(f) Study of gas at.omizing. combustion
ii) Fuel change

(a) Mixed combustion with 50% heavy oil and 50% diesel or natural gas

until the start of supply of desulfurized heavy oil

(b) When supply of desulfurized heavy oil supply is started, it should
be used exclusively (100%). '

iti) Constant monitoring of the flue gas by installing the NOx, $O; and O

telemeters.
7) Expenses for installation of electrostatic precipitator (EP)

Installation of EP with quick gas cooling tower on the flue of glass melting

furnace

i) Foreign portion

. (US$)

(a) Survey and design 1 set 8,500
(b) Electrostatic precipitator 1 set .930,800
(c) Blower 1 set 28,500
(d) On-site work supervision 1 set - 7,700
(3) On-site instruction for test opcration 1 set 7,700
(f) Travelling : : 1 set 12,700
(g)._Unexpected expenses (5% on the above) : 49.800
Sub-total | 1,045,700
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ii) Local portion

(US$)

(h) Duct fabrication 1 set 20,800
{i) Foundation 1 set 2,200
(j) Installation work 1 sct 9,300
(k) On-site instruction for test operation 1 set 800
(1) Work vehicle 1 set 3,100
(m) Customs and other taxes 1 set 263,550
(n)__IVA (15% excl. m) 5,430
Sub-total 305,180

Total US$ 1,350,880

(Since freightage differs with freight package conditions, the

freightage and cusioms expenses are -not included.)

3) Installation of the NOx, SO;, Oy telemeters for constant monitoring of the flue

gas

Expenses for telemcter instrumentation system on the flues of No.A and B

glass melting furnaces

i} Forecign portion

(US$)
(a) Survey and design 1 set 6,200
(b) NOx, SOy, Oy, instrumentation 2 sels 118,600
(c) Auxiliary units 2 scis 41,100
(d) Data logger 1 set 17,900
(e) Installation work on-site supervision 1 set 2,500
{f) On-site instruction for test operation 1 set 4,700
(g) Package and freight 1 set 25,900
(h) Travelling 1 set 11,900
(i) Unexpected cxpenses (5% on_the above) 11,740
Sub-total 246,540

ii) Local portion
| (US$)
- (j) Materials 1 set 4,200
(k) Survey assistant 1 set 1,300
(1) Installation expenscs 1 set 4,400
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{m) Test opecration and adjustment 1 set 1,400

{(n) Vehicle rental 1 sct 2,200

{o) Customs and other taxes 1 set 41,690
(p)} Warchouse, customs clearance,

land freight (incl. IVA) 1 set 3,250

(@) IVA (15% excl. o and p) 2,030

Sub-total 60,470

Total ' ~ US$ 307,010

(Telehone installation work and central reception system are not
included.)

Note: The temperature. of the flue gas: from glass melting furnaces is
high and heavily loaded with dust produced through scatiering
and evaporation of raw materials.  When sampling the gas, iis

swift cooling, dust removal and other pretreatments are required.
9) Summary of Control Measures

Table 5.2.14 summarizes the conirol mecasures for the Glass Factory (A).
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Table 5.2.14 Summary of the Control Mcasures for Glass Factory (A)
Current siatus countermeasure
A B
Fuel type Heavy oil Heavy oil  50% | Desulfurized
o Diesel 50% | heavy oit  100%
Fuel consumption i{lcg;ymg;’]yr) 20.52 10.26 20.52
Dol o) - 10.26 :
NOx 222.9 124.8 178.3
Emission 502 1,231.2 718.2 323.3
(ton/yr) PM 127.8 6.4 6.4
NOx 44 20 |
Reduction - ratio 50; 41 73
(%) PM 95 95
Equipment cost f}?ﬁéggfsﬂt 72’701'76 2,701.76
(1.000USS$) i?g;ni?:r 307.01 307.01
Running cost (approx.){1,000US$)
Facility depreciation (15-yrs) 200.6 200.6
Interest (first 5 yrs: 8%} 240.7 240.7
.Maintenance cost {5%) 150.4 150.4
Heavy oil ' 1,591.3 795.7 -
Diesecl - 2,111.3 -
- Desulfurized heavy oil - S 2,233.5
. Total (1,000US83/yr) 1,591.3 3,498.7 2,825.2

Alternative B: Applicable after the

supply of desulfurized heavy oil is started.
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5.2.15 Glass Factory (B)

1)

2)

3)

Name of facility surveyed

Specification of facility
Model

Capacity

Draft

Dimcnsions of furnace

and ventilation

Number of burners

Furnace préssure
Furnace tlempcrature

Ancillary facility

Specification of burner
Model
Type of fuel

Fuel consumption

Melting furnace for glass fiber (No.2)

Tank oven

0.28 ton/hr

Forced draft

1,981W x 6,552P x 762H

24 airfgas burners

2 oxygen/gas burners
+0.05 mmAq

1,544°C

Recuperator (30 -» 670°C)

Gas:  Nozzle mix system
Natural gas

Airfgas burncr
O /gas burner

235 Nm3/hr
320 Nm3/hr

Fuel pressure 1.5 kglem?2g
4) Analytical data of flue gas
(Stack sampling data) 14:30/Load is approx. 125% of rating (Emission)

NOx (ppm)* |1,226 | Particulate matter (g/Nm3) 6.48 kg/hr
02 (%) 5.4 | Flue gas temperature (°C) 843 NOx 9.6
CO (%) <0.05 | Combustion chamber outlet 09 (%) 0.9 sop** v
COy (%) 11.4 Particulate| 1.9
*  Converted to oxygen concentration of 5%

**  Calculated from analytical value of fucl

5) Observation

This is a glass fiber manufacturing tank oven.
burncrs and 2 oxygen/natural
to a high level of 1,544°C.

gas burners.

it uses 24 air/matural gas

Its interior temperature rises

Accordingly, its flue gas contains 1,226 ppm of

NOx, and 0.48 g/Nm3 of particulaic matter, which are abnormally high for a

gas burning furnace,

This resulis from
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6)

This high NOx concentration is causcd by thermal NOx gencrated at high
temperature, The particulate matter is considered to be composed of

vaporized raw materials for glass, such as alkali and silica.

The 155 kW eclectric heater installed rccently in the tank oven has
improved the productivity to over 100%.

Since a large amount of fume is generated from the glass materials,
adoption of simple in-furnace denitralion may present a problem.
Thﬁrefbre, the reduction of NOx generation should be brought about
through the combustion control measures. These measures are employed
in a large glass factory in Japan. The use of the oxygen/natural gas
burners should be abandoned since they generate a large amount of

thermal NOx as described above.
Countermecasurcs
i) Retrofitting of the combustion equipment
(a) Low air ratio combustiion through combustion control

(b} Reduction of combustion chamber load; increase of chamber
ceiling height for larger capacity and increase of radiation
surface area, and reduction of combustion load below 70,000
kcal/m3hr. If heat becomes insufficient for the process, NOx-free
electric heaters should desirably be used as supplementary heat

sourcg.

(c) Installation of scts of primary and secondary bummers to replace all
the existing burners with the parallel adoption of the off-

sioichiometric combustion mode.

(d) Reduction of unit fuel consumption through improvement of

thermal insulation of furnace ceiling
(e) Installation of electrostatic precipitators
ii) Others

Use of raw material with a low nitraie content
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7) Expenses for installation of clectrostatic precipitator (PE) (per 1 unit)

Installation of the EP with quick gas cooling tower on the flue of glass

meliing furnace

i) Foreign portion

i1)

(US$)
(a) Survey and design 1 set 8,500
(b) Electrostatic precipitator 1 sct 516,000
{¢) Blower 1 set 16,000
(d) On-sitc work supervision 1 set 7,700
{3) On-site instruction for test operation 1 sct 7,700
(f) Travelling | . 1 sel 12,700
(g) Unexpected cxpenses (5% on the above) 85,300
Sub-total 653,900
Local poriion

(US$)
(k) Duct fabrication l set 13,900
(i) Foundation 1 sel 1,600
(j) Installation work 1 set 16,600
(k) Test operation and adjustment 1 set 800
(1) Work vehicles rent I set 3,100
{m) Customs and other taxes 1 sel 146,200
(n)_ VA (15% excl. m) 5,300
Sub-total 186,900
Total US$ 840,800

Since freightage differs with frcight package conditions, the

freightage and customs expenses are not included.

MNote: For other two fumaces of the same type as the No.2 melting

furnace, the same retrofitting ¢xpenses

units) are applicable.

8) Summary of Conirol Measures

(US$ 1,681,600 for 2

Table 5.2.15 summarizes the control measures for the Glass'Factory (B).
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Table 5.2.15

Summary of Control Measures for

Glass Factory (B)

Current  status

counicrmeasure

Fuel type

Natural gas

Natural gas

Equipment, etc.

Combustion load
reduction  and

EP installation

Fuel consumption E\ga(;lém[:pf;:) 17.376 17.376
Emission. NOx 230.3 115.1
(ton/yr) PM 44.5 2.2
Reduction ratio NOx 50
(%) PM 95
Equipment cost (1,000U83) 2,522.4 (Note)
Running cost (approx.)(1,000USS) _
Facility depreciation (15-yrs) 168.2
Interest {first 5 yrs: 8%) 201.8
Maintenance cost (5%) 126.1
Natural - gas 1,448.0 1,448.0
Total (1,000US3/yr) 1,448.0 1,944.1

Noie: The amount includes the retrofitting cxpenses of
-US8%1,681,600 for the two unsurveyed melting furnaces
of the same type as the surveyed No.2 fumace.
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5.2.16 Gtlass Faclory {O)

(1) Meliing Furnace for Glass Bottles (No.84)

1) Specification of facility

Modecl Tank oven
Capacity : 400 ton/day
Draft and ventilation ~ Forced draft
Dimensions of furnace
(Hot air heater) 10,000W x 16,5000 x 2,200H
. Number of burners Air/gas burncrs: 24

(12 sets, with 2 burners per sct)

Furnace pressure - +0.9 mmAq

Furnace temperature 1,490"C

Ancillary facility

2} Specification of burner

Model Gas: Partial pre-mix type burner
Type of fuel Natural |

Fuel consumption 2,500 Nm3/hr

Fuel pressure 400 mmAq

3) Analytical data of flue gas

(Stack sampling data) . 16:00/Load is approx. 92% of rating

Regenerative heat exchanger (30 = 1,000°C)

¥ Converted 10 oxygen concentration of 5%

**  (alculated from anélytical value of [fuel
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(Emission)
NOx (ppm)* 644 | Particulate maiter (g/Nm3) 0.39 kg/hr
Q2 (%) 6.6 | Flue gas temperature (°C) 418 - NOx 35
CO (%) <0.05 | Combustion chamber outlet Oz (%) | 5.8 S0 -
COy (%) 10.7 Particulate 11




~ 4) Observation

This plant is an  integrated _bottic and cup produ_clion plant handling
processes of shaping, gradual cooling, and printing and labeling of bottles,

This furnace is called the No. 84 furnace, onc of three tank ovens in the
plant for manufacturing glass bottles. It is provided with 24 air/natural gas
burners (12 seis). The temperature in the furnace is 1,490°C. Two burners
form. a set facing cach others. The distance between the nozzle tips is about
300 mm, and the jet gases from the opposing nozzles collide with each
others. Since the energy from the jet is killed, the mixing of combustion

air is very poor.

It is observed in the furnace that glass surface is coated with the flame
accompanicd by the the black smoke. Naturally for a normal low
temperature furnace, smoke will be _generated, but sincc‘ the temperature
of this furnace is above 1,400°C, combustion is complete within the fumace

or in the heat regenerating room,

“The air ratio is high (oxygen 5.8%) for a high temperature furnace, and if
the amount of oxjrgen is reduced to less than 2.0%, then the NOx

concentration can be reduced.

The PM concentration was high at 0.39 g/Nm3 showing the characteristics
of glass tank ovens, and this is because of partial vaporization of the glass

material due to high tcmperature.

In this furnace, flit glass is being manufaciured and the quantity of cullet
introduced is 25-30%. The unil fuel consumption is 125 x 104 kcal/hr,
The No 81 furnace is:an improved version with complete separation of the
melting tank and the working tank. This has resulted in lowering the unit
fuel consumption to 96 x 1_04 kecal/hr.  In the future, efforts should be
made to save energy by reducing the fuel 'cdnsumption in this No.84

furnace by such measure of improvement applied to No.81 furnace.

Introduction of simple denitration with ammonia injection is technically
- difficult since the flue gas contains a large amount of fume. Therefore, it is
important to reduce thermal NOx through appropriale combustion control
~along with the reduction of fuel consumption by strengthening of thermal
~conirol that also coniributes to reducing the NOx emission,  Since the

location of the burners in this furnace is not appropriate as described
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above, rationalization of the incidence angle of the burners and the shape
of nozzles is necessary as well as trying change of the burner location to

confirm possible increasc of NOx generation duc to collision of flames.
5) Countermeasures
i) Retrofitting of the combustion equipment

(a) Low air ratio combustion through continuous monitoring of the
flue gas Oy

(t) Burner location change {o avoid flame collision and adopt.ion of the

off-stoichiometric combustion mode.

{c) Reducti.on of combustion cham_bc'r load: increase of chamber
ceiling height for larger capacity and increase of radiation
surface area,  and reduction of combustion load bcl.ow 70,000
kcal/m3hr. I heat bccom.es insufficient for the process, NOx-free
clectric heaters should dcsirably be used as supplementary heat

source.
(d) Installation of electrostatic precipitator.
ii) Fuel saving and others

() Reduction of fuel consumption through improvement of thermal

insulation of furnace ceiling
{b) Use of raw material with a low nitrate content

iii) Continuous monitoring of the flue gas through the installation of the
NOx, 803, 07 telemeters

6) Expenses for retrofitling, combusiion equipment

Installation of the EP with quick gas cooling tower on the flue of glass

meiting furnace

i) Foreign portion

(US$)
(a) Survey and design ' 1 set B 8,500
(b) Electrostatic precipitator 1 set 1,215,400
(c) Blower o 1 set © 63,100
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{d) On-sitc work supervision 1 sot | 7,700

(3) On-site instruction for test operation 1 sct 7,700

- (f) Travelling 1 sct - 12,700
(g)__Unexpected expenses (5% on _the above) 65,800

Sub-total 1,380,900

ii} Local portion

(US$)

_(Ch) Duct fabrication 1 set 30,000
(i} Foundation 1 set 3,850
(j) - Installation work 1 set 15,400
(k) On-site instruction for test operation 1 set 800
(1) Work vehicie 1 sct 1,000
{m) Customs and other taxes 1 set 352,700
(n) IVA (15% excl. m) _ _ _ 7.660
Sub-total _ 411,410

Total USs$ 1,792,310

Note: Since freightage differs with freight package conditions, the EP
freightage f{rom shipping place to destination and customs

expenses are not estimated herc.
7Y Reduction ratio
i) Throﬁgh retx;ofittirig of combustion .equipmem
NOx:  20%
PM: 95%
ii) Through fucl saving

NOx: 40%

(2) Glass Mélting Furnace (No.82)

1) Specification of facility
Model - ' Tank oven
Capacity 200 ton/day
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Draft and ventilation Forced draft
Size of furnace 6,706W x 10,9730 x 2,095H

Number and layom of burner 2 units x 10 sets (natural gas burner)

Furnacc pressure 1~ 1.2 mmH20
- Furnace temperature 1,452°C
Ancillary facility Regenerative heat  exchanger
2) Specification of burner
Model Nozzle mix burner
Type of fuel Natural gas
Fuel consumption 1,840 m3/nr
Fuel pressure 40 kglemlg
3) Analyiical data of flue gas
(Stack sampling data) 16:00/ Load is approx. 100% of rating (Emission)
NOx (ppm)* | 736. | Particulatc matter (g/Nm3) 012 | kg/hr
Q2 (%) 6.0 | Flue gas temperature (°C) 465 NOx
Co (%) <0.05 |{ Combustion chamber outiet 02 (%) 2.8 802**
CO2 (%) 10.5 Particulate 3.6
* Converted to oxygen concentration of 5%
* % Calculated from analytical value of fuel
4) Observation

This furnace is another one of three glass melting tank ovens in this boitle
production plant, and is applicd with a sufficient heat insulation.  The
precheated air temperature from the regenerative heat  exchanger was
sufficiently high and the temperature of the high-temperature zone in the
furnace reached 1,450°C. The furnace internal pressure is controlied to 1 -
1.2 mmH;0 and the air ratio is checked three times a day with a portable Oz

meter., There is almost no change in the air ratio as well as fuel input.

The NOx concentration was 736 ppm as converled 1o 5% O3.  For large glass
tank ovens burning heavy oil, the NOx concentration can be reduced by
about 20% through gas atomization. Because this oven was changed for gas
burning, the cffects of the following mecthods on NOx reduction should be

checked in order to cstablish an optimum condition,
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5)

{1} Rationalization of incidence angle and nozzle shape of the gas burncr

(2) Attempt to reducc the amount of O further in addition to the O, control

currently executed

(3) Change of the burner position to check if the NOx generation is
increased by collision of flames since side-port type burners are

currently installed in the counter firing position.

Since the flue gas contains a large amount of fume, and flue gas denitration
is difficult in may ways, thermal NOx rcduction efforts by thorough
combustion control and further NOx reduction through fucl saving by

strengthening thermal control are very important,
Countermeasures
i) Retrofitting of the combustion equipment

{a) Low air ratio combustion through continsous monitoring of the
flue gas O,

(b) Bumer location change to avoid flame collision and adoption of the

off-stoichiometric combustion mode,

(c) Installation of electrostatic precipitator.

ii) Fuel saving and others

(2) Reduction of fuel consumption through improvement of thermal

insulation of furnace ceiling

(b) Reduction of combustion chamber load: increase of chamber
ceiling  height for larger capacity and increase of radiation
surface area, and reduction of combustion load below 70,000
kcal/m3hr. If healt becomes insufficient for the process, NOx-free
electric hecaters should -desirably be used as supplementary heat

sgurce.

(¢c) Use of raw material with a low nitrate content

iii) Continuous monitoring of the flue gas through the installation of the

NOx, 50, , O3 tclemeters
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6) E'xpcnscs for retrofitting combustion cquipment

Installation of the EP with quick gas cooling tower on the flue of glass

melting  furnacc

i) Foreign portion

(US$)

(a) Survey and design 1 sct 8,500
-(b)  Electrostatic precipitator 1 set 1,215,400
{c) Blower 1 set 63,100
(d) On-site work supervision 1 set ?‘.700
(3) On-site' instruction for test operation 1 set 7,700_
(F) Travelling _ 1 set 12,700
(g}  Unexpected expenses (5% on_the above) - 65,800
Sub-total 1,380,900

i1) Local portion

o (US$)

{h) Duct Tfabrication 1 set - 30,0600
(i) Foundation 1 set - 3,850
(j) Installaiion work 1 set 15,400
{k) On-site instruction for test operaiion 1 set 300
(13 Work vehicle I set 1,000
(m) Customs and other taxes I set 352,700
(1) IVA (15% excl. m) o 7,660
Sub-totial _ : 411,410

Total _ US$ 1,792,310

Nole: (1') Since freightage differs with :freight package 'conditions, the
EP freightage from shipping place to destination and customs

expenscs are not estimated here.

(2) At this 'facmry,‘ there arc other combustion facilities that are
ncarly of the same capacity as No.82 furnace and using the
~same type of fuel, and they arc expected in need of similar

treatment as the No.82 furnace.
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7) Reduciion ratio
i) Through retrofitting of furnace

NOx : 20%
PM : 95%

ii) Through fuel saving
CNOx:  40%
(3) Installation of the NOx, 502, O Teclemeters for Constant Monitoring of the
Flue Gas

Expenses for installing telemeter system on the flues of No.84, 82, and 81 glass

melting furnaces.

i) Foreign portion

(US%®)
(a) Survey and design I set ' 7,700
(b) NOx, '802, 0Q,, instrumentation 3 seis 177,900
(c) Auxiliary unils 3 sets 60,000
(d) Data logger 1 set 17,900
(e) Installation work on-site supervision 1 set 8,500
- (f) On-site instruction for 1test operalion 1 set 4,700
(g) Package and freight 1 set 38,800
(h) Travelling I set 12,200
(i) Unexpected expenses (5% on the above) 16,390
Sub-total 344,090

ii) Local portion
o . (US$)
(j) Materials 1 sct 6,300
- {k) Survey assistant 1 set 1,600
(1} lnstallation exXpenses 1 set 6,500
(m) Test 'opera.tion‘ and adjustment 1 sct o 1,800
“{n) _Vch'icle rental 1 set 3,300
| 1 set 69,830

(o) Customs and other taxes
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{p) Warchouse,

customs clearance,

land freight (incl. IVA) 1 sot 5,200

(a) IVA (15% excl. o and p) ' 2,940
Sub-total 97,570

Total USS$ 441,660

(Tclephone installation work and central receplion system arc . not

included.)

Note: The temperature of the flue gas from the glass melling furnaces

is high and heavily loaded with dust produced through scatiering

and ‘evaporation of the raw material.

prctrcalmcnts

such as rapid

required.

(4) Summary of Control Measures

cooling and

removal

When sampling the gas,

of dust

Table 5.2.16 summarizes the control measures for the Glass Factory (C).

Table 5.2.16 Summary of Control Measurcs. for Glass Factory (C)

Current  status Control measure
Fucl type Natural gas Nalural gas
. Matural gas '
Fuel consumption (105 m3/yr) 64.93 38.99
Emission NO=x 213.4 102.4
(ton/yr) PM 42.8 201
Reduction ratio NOx 52 (L
(%)} PM 1t
' _ Equipment 5,376.93 2)
Equipment cost cost
(1,000U8%) Nox, 502 441.66
telemeter
Running cost (approx.){1,000US$)
Facility dépreciation {15-yrs) 387,.9
Interest (first 5 yrs: 8§%) 465..5
Maintenance cost (5%) 290.9
Natural gas 5,415.0 3,249.2
Total  (1,000US$/yr) 5,415.0 4,393.5
Note: (1) Reduction -ratio attained by- the burmer retrofitting and fuel saving
{(2) Costs for 3 units of eclectrostatic precipitator
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5.2.17

b

2)

3)

Rubber Products Faclory

Name of facility surveyed
Specification of facility

Model
Capacity
Drafl

Dimensions of furnace

and ventilation

Number of burner
Furnace pressure

Ancillary facility
Specification of burner

Model |

Type of fucl
Fuel
Fuel

Atomizing pressure

consumption

pressure

Analytical data of flue gas

Boiler for processing

Water tube boiler

10 ton/hr

Forced draft

1,700W x 5,5880 x 2,000H
1 unit

+60 mmAq

None

Intermixing f{ype oil
Heavy oil

814 V/hr

4 k.g/cm?'g

5 kg/cng' (steam)

burner

4)

{Stack sampli.ng data .14:40/Load is approx.. 60% of raliﬁg {Emission)
NOx (ppm)* | 270 |particulate matter (g/Nm3) 0.19 - kg/hr
Q2 (%) 6.2 {Flue gas temperature (°C) 330 NOx 4.2
CO (%) <0.05 | Combustion chamber outlet Oz (%) - SO7™ 42
COq (%) 10.5 Particulate 1.5

NOx at rated opcration is estimated to be 300 ppm (7.7 kg/hr).

*

Converted to oxygen concentration of 5%

* % Calculated from analytical value of fuel

3)

Observation

This is a factory which manufactures tircs for automobiles.

One boiler is used at present, with a 10 tonfhr capacity, for steam heating

as required in the molding of tires. It has automatic controls,
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Mexican boilers, and thc combustion load of the boiler changes rapidly
according to the variation in load for heating tires, On the day of the
diagnostic survey, the load was small, and varied between 40 to 60% of the
rated load. The oxygen concentration in the flue gas at this time was 6-10%,
which is quite high.  Therefore, careful adjustment of the air ratio is

necessary for operation.

6) Countermcasures
i) Retrofitting of the combustion equipment

(a) Low air ratio combustion through combustion control system

(b) Flue gas recirculation by installing the flue gas fan
ii) Fuel change

(a) Mixed combustion with 50% heavy oil and 50% diesel or natural
gas up to the supply start of desulfurized heavy oil

(b) When supply of desulfurized heavy oil is started, it should be used
exclusively (100%) '

(c) Emulsified combusliop of desulfurized heavy oil . should be taken

into consideration afiter thorough demonsiration tests.
7) Expenses for retrofitting combustion equipment
Retrofitting for flue gas recirculation and low air ratio combustion

i) Foreign portion

| (US$)

(a). Survey and design ' 1 set 7,700

(b) Flue gas recirculation'f_an I set 17,000
(¢) Combustion control system and

clectric  instrumentation 1 set 23,100

(d) Package and freight 1 set 3,100

(e) Travelling : 1 set 4,800

f nex Xpens on_ab 4

Sub-total 63,740
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ii) Local portion

{g) Burner fabrication _ 1 set 7,700
{h) Duct and fan instaliation work 1 set 1,600
(i) Electric instrumentation installation work 1 set 4,700
(i) ‘Local installation on-site supervision 1 sct 3,100
(k) _Oh-sitc instruction for test operation 1 sct 1,100
A1) Customs and other taxcs 1 set 12,300
(m) Warehouse, customs clearance, and land freight
(incl. IVA) 1 set 1,020
{(n) IVA (15% excl. | + m} 2,730
Sub-total 34,250
Total US$ 97,990

8) Summary of control measures

Table 5.2.17 summarizes the conirol measures for the Rubber Producis

Factory.

5-123 .



Table 5.2.17

Summary of Control Measures for the Rubber Products Factory

Current N
Status “Control méasures
A B C
Fuel type Heavy oil Hc.avy oil 50%| Desulfurized | Desulfurized
Dic.scl . 50‘4 heavy ail heavy oil
: 100% 100%
Combustion method Emulsified
, combustion
Fuel Heavy oil (10%m%yn| 4 1.85 3.7 3.7
Consumption| Digsel (103m3/yr) - 1.85 - -
Emission NOx 16.6 9.3 12.0 9.3
(ton/yr) $02 222.0 131.0 59.9 59.5
PM i1.3 7.9 7.9 4.0
Reduction JOX 44_ 28 44
ratio (%) S0 41 73 73
PM 30 30 63
[ Equipment cost  (1,000USS) 1 97.99 97.99 97.99
Running cost A{approx.)(l,OOOUSSIS’T) ‘
Facility depreciation (15 yrs) 6.5 6.5 6.5
Interest (first 5 yrs: 8%) 7.8 7.8 7.8
Maintenance cost {5%) 4.9 4.9 4.9
Heavy oil 286.9 143.5 - -
Dicsel - 380.7 - e
Desulfurized heavy oil - - 402.7 -
Desulfurized heavy oil -~ - - 490.8
emulsion
Total (1,000 USS$/yr) 286.9 543.4 421.9 510.0

Alternative B:
Alternative C:

demomnstration

tests.
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5.2.18 Paper Faclory
1) Name of facility surveyed Powcer generation boiler (No. 1 and No. 2)
2) Specification of facility ‘
Model Water tube boiler _
Capacity 12,9 ton/hr (No. 1), 159 ion/hr (No. 2)
Draft and ventilation Balanced draft
‘Dimensions of furnace 3,524W x 3,500D x 3,000H (No. 2)
Number of burners 2 for No. 1 boiler, 3 for No. 2 boiler
Furnace pressure’ -5 mimAq (No. 1}, -2:mmAq (No. 2) .
Ancillary facility Recupc_ralor (30 to 200°C) (estimated)
3) Specification of burner
Model ~Oil: Y-jet type
Type of fuel Heavy oil
Fuel consumption 1,100 l/hr (No. 1)
1,350 1th (No. 2)
Fuel pressure 4 kg/cng (estimated)
Atomizing sfeam pressure 5 kg/éxnzg (estimated)
4) Analytical data of flue gas
(Stack  sampling dala) 14:30/Load is approx. 70% of rating (Emission)
NOx (ppm)* | 249 | particulate matter (g/Nm?) G.44 kg/hr
02 %) 11.5 | Flue gas temperature (°C) 218 NOx 10
CO (%)  |<0.05 | Combustion chamber outlet 02 (%) | 10.0 50p** 100
COg2 (%) 6.2 Particuate i5

NOx at rated operation is estimated to be 260 pprh {15 kg/hr).

*

* %

Converted to oxygen concentration of 5%

Catculated from analylical value of fuel
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5) Observation

This is an used paper recycling plant. A 129 tonfbr boiler and a 15.9
ton/hr beiler arc connected to one stack, so only one set of data is available.
The boiler steam is first used for power generation, and then, at a reduced

pressure, f{or drying the recycled paper.

The flIUe gas analysis shows a high O2 concentration of 10%:; this indicates
an improper air ratio for combustion. The PM - concentration is relatively
high for heavy oil combustion at 440 mg/Nm3. This results in slightly
visible smoke.  This high PM concentration is caused firstly by poof heavy
oil atomization generating many large unburned particles in the furnace.
Secondly, it is caused by poor fuel-air mi'xing.; this causes long flames as the
02 concentration is reduced in the fluc gas.  This means poor burner

performance generating more smoke under the appropriate air ratio. The

burners mtust -be_ improved.
The low fﬁcl precheating temperature is also a factor for poor combustion.
6) Countermeasures
i) Retrofitting of the combustion facility

{(a) Low air ratio combustion through combustion control system
(b) Flue gas recirculation by installing flue gas fan

{c)} Remodeliing into low NOx bumer
ii} Fuel change

(a) Mixed combustion with 50% heavy oil and 50% dicsel or natural

gas up o the supply start of desulfurized heavy oil

(b) When supply of desulfurized heavy oil is started, it should be used
exclusively (100%)

(¢) Emulsifiecd combustion of desulfurized hecavy oil should be takem

inte consideration after thorough demonstiration (tests.

7) Expenses for retrofitting No. 1 boiler

Retrofitting for flue gas recirculation and low NOx burner installation and

low air ratio combustion, and for automatic cperation contral

5-126



i) Foreign portion

(US$)
(a) Survey and design 1 set 9,300
{(b) Low NOx burncrs (1,100 //hr) . 2 units 80,000
{¢) Flue gas recirculation flan 1 set 12,300

(d) Combustion control system and |
clectric instrumentation 1 set 30,800
(e) Local work on-sitc s'upcrvisioh 1 set 5,400
(N On-si'le instruction for test opecration 1 set 5,400
(g) Package and freight 1 set 14,600
(h) Travelling 1 set 11,200
(i) _Unexpected expenses (5% on above‘f 8.450
Sub-total 177,450

ii) Local portion -
(j) Burner removal and installation ' 1 set , 1,600
(k) Duct fabrication (incl. heat insulation) 1 set _ 10,000
'(l) Duct and fan installation work 1 set 2,000
(m) Eleciric instrumeatation installation work 1 set 13,900
(n) On-site iastruction for test operation 1 set 700
(o) Customs and other taxes . 1 set 38,900
(p) Warchouse, customs clearance,

and land freight (incl. IVA) 1 sct 2,750
'(q) Freight for ducts, crane rental 1 set 2,000
(n) IVA {(15% excl. ¢ + p) 4,530
Sub-total | 76,380
Total | | US$ 253,830

8) Expenses for retrofitting No.2 boiler

Retrofitting for flue gas recirculaiion and -low NOx burer installation and low

atr ratio combustion
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i) Foreign

porlion

: (US$)
(a) Survey and design sot 11,600
(b) Low N(jx burners units 124,700
(¢) Flue gas recirculation fan set 13,100

(d) Combustion coantrol system and _
clectric  instrumentation set 38,500
(e) Local work on-sitc supervision sct 5,400
(f) On—silc. instruction for tcét operation set 5,400
{(g) Package and freight sét 16,200
(h) Travelling set 11,200
(i) Unexpecied . expenses (3% on_ above) . | 11,300
Sub-total 237,400

ii) Local portion
(j) Burner removal and installation set 2,000
(k) Duct . fabrication (incl. heat insulation) 1 set 13,000
(1) Duct and fan installation work _ sct 2,300
{m}) Electric instrumcntation installation work set 15,400
(n) Local work on-site supervision set 2,000
(o) On-site instruction for test operation sct - 800
(p) Customs and other taxes | set 56,000
(q) Warchouse, customs clearance,

and land freight (incl. IVA) set 3,850
(r) Duct, etc. freight, crane rental set 2,000
(8) VA {15% cexch.n + 0) 5,300
Sub-total 102,650
US$ 340,050

9) Summary of control

Total

measures

Table 5.2.18 summarizes the control measures for the P'aper' ‘Factory.
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Table 5.2.18 Summary of Control Measures for the Paper Factory
Current
Status Control measures
A B C
Fuel type Heavy oil| Ueavy oil | Desulfurized | Desulfurized
50% heavy oil heavy oil
Diesel  50% 100% 100%
Combustion method Emulsified
combustion
Fuel Heavy oil 8.948 4.474 8.948 8.948
(103m3/yr)
Consumption | Djesel (193,]13/)-,;)_ - 4.474 - -
Emission NOx 52.6 25.8 33.1 25.8
(tonfyr) 07) 536.9 316.7 144.9 144.9
PM -78.9 47.3 63.1 31.6
Reduction NOx 51 37 51
ratio (%) - 802 41 73 73
PM 40 20 60
| Bquipment cost ~ (1,000US$) 593.8 593.8 593.8
Running cost (approx.)(1,000 USS$/yr)
Facility dcpréciation (15 yrs) 39.6 39.6 39.6
Interest (first 5 yrs: 8%) 47.5 475 47.5
Maintcnance cost (5%) 19.7 29.7 29.7
Heavy oil ‘ 693.9 347 - -
Diesel - 920.7 - -
Desulfurized heavy oil- - - 973.9 -
Desulfurized heavy oil - - - 1187
e¢mulsion
Total (1,000 US$/yr) 693.9 1,384.5 1,090.7 1,303.8

Alternative B:
Alternative C:

Applicable after the start of supplying desulfurized heavy oil.
Emulsified combustion should be taken into considcration after thorough

demonstration

tests.
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5.2.19 Paper Products Factory (A)

1) Name of facility surveyed

2) Specification of facility
Model
Capacity
Draft and ventilation
Size of furnace
Number of burners
Furnace pressure

Anciliary facility

3) Specification of burner
Model
Type of fuel
Fuel consumption

Fuel pressure
Atomizing pressure

4) Analytical data of flue gas

Boiler for processing

Watcf tube boiler

9.4 ton/hr

Balanced draft

1,700W x 5,588 x 2,000H
2

-3¢0 mmAgq

None

Oil:  Y-jet type
Heavy oil
808 I/hr

3 kplem?g
4.5 kg/cng (stcam)

(Stack sampling data) 14:00/Load is approx. 100% of rating (Emission)
NOx (ppm)* | 185 | particulate métler (g/Nm3) 0.28 kg/h
LE).E (%) 10.3 [ Flue gas temperature ) 255 NOx 3.6
COo (%) <0.05 | Combustion chamber outlet 02 {%) 5.6 302** 48
CO2 (%) 7.4 Particuiate{ 4.0
*

* %k

3)

Converted to oxygen concentration of 5%

Calculated from analytical value of fuel
Observation

This plant manufacturers cartons and carboads from recycled paper. The
boiler is used to heat and dry the rccycled paper. It is rather an outmoded type
of boiler, consisting of the outer brickwork and the drum and the water tubes
incorporated within,  Although. the blower for forced draft and the flue gas
induction fan arc used for balanced drafting, no air prcheater is installed.
Atomization of the Y-jet type oil burner is poor resulting in carbon deposits on
the burner tile, 02 concentration in the flue gas, and

high large unburnt

particles floating in the boiler.  Naturally, incomplete combustion is observed.
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The boiler operation is manually controlled, and smoke is generated from time

to time with fluctuation of air ratio caused by the fluctuation of boiler loading,
6) Countermecasurcs
i) Retrofitting of the combustion facility

{a) Automatic operation control with the combustion control system

and electric instrumentation system

'_(b) Low air ratio combustion by constant monitoring of the flue gas 02

{¢) Burner remodelling and flue gas recirculation by installing the

flue gas fan

(d) Two-stage combustion
ii) Fuel change

(a) Mixed combustion with 50% heavy oil and 50% diesel or natural gas

up to the supply start of desulfurized heavy ail

(b) When supply of desulfurized heavy oil is started, it should be used
exclusively (100%)

(c) Emulsificd combustion of desulfurized heavy oil should be taken

into ‘consideration after thorough demonstration tests.
7} Expenses for retrofitting boiler (per one unif)

Retrofitting for 2-stage combustion, flue gas recirculation, low air ratio
combustion, low NOx burner installation and, and for automatic operation

conirol

i) Foreign poriion

| - (US$)

(a) Survey and dcsign 1 set 7,700

(b) Low NOx burner 1 set ' 63,100

{¢) Flue gas recirculation fan 1 set 9,300
{d) Combustion control system and

electric  instrumentation I sct 23,100

(e) Package and freight 1 set 11,900
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9)

(f) Travelling I sct 4,800
{g) Unexpecled expenses (5% of the above) 6.500
Sub-total 126,400

ii) Local portion

(US$)
(h) Burner and duct removal TR 1 set 800
(i) Duct .fabrical,ion (incl.  hcat insulatibnj "1 set 7,700
(j) Duct, fan and burner installation work 1 set 2,000
(k) Electric instrumentation installation work 1 set 4,700
(})' Local work on-site supervision 1 set 3,100
{(m) On-sitc instruction for test opéralion. 1 sect 600
(n) Customs and other taxes 1 set 30,200

(0) Warchouse, customs clcaréncc,
and land freight (incl. IVA) 1 set 2,230
{p) Duct, etc..._frcighl and cranc rental 1 set 2,000
(q) _IVA (15% excl. n + ©) 3.130
Sub~total 56,460
Total US$ 182,860

Note: There are 4 boilers, of which one is out of

operation, and all are

of the same.type as the No. 1 boiler. The same retrofitting cost

(US$ 548,580 for 3 sets) can be estimated.

8) Portable Oy meter

US$ 2,400 (excl. customs duty, customs clearance expenses and domestic

freight)

Summary of control measures

Table 5.2.19 summarizes the control measures for the " Paper Producis

Factory (A).
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Table 5.2.19 Summary of Control Measures for the Paper Products Factory (A)
Current
Status Conirel measures
A B C
Fuel type Heavy oil| Heavy oil | Desulfurized| Desulfurized
50% heavy oil heavy oil
Diesel 50% 100% 100%
Combustion method - — - Emulsified
combustion
Fuel Heavy oil | 11.0 5.5 1.0 11.0
(103m3/yr)
Consumption | Djesel (103m3/yr) — 5.5 - -
Emission NOx 81.5 45.6 58.7 45.6
(ton/yr) SO7 660 389 178 178
PM 90.5 72.4 72.4 54,3
Reduction NOx - 44 28 44
ratio (%) S0z - 41 73 73
PM - 20 20 - 40
Equipment cost  (1,000US$) 733.84 733.84 733.84
Running cost (approx.) (1,000US$/yr) _
Facility &cprecia{idn (15 yrs) 48.9 48.9 48.9
Interest (first S yes: 8%) 58.7 58.7 58.7
Maintenance cost (5%) 36.7 36.7 36.7
Heavy oil 853.1 426.5 - -
Digsel - 1,131.8 - -
Desulfﬁrized heavy oil - - 1,197.3 -
Desulfurized hcavy oil - - - 1,459.2
emulsion .
Total (1,000 USS/yr) 853.1 1,702.6 1,341.6 1,603.5

Alternative ‘B!
Alternative C:

Note:

Applicable after the start of supplying desulfurized heavy oil.
Emulsified combustion should be taken inte consideration afier thorough

demonstration - tests.
100% loading for No. 1 boiler and 50% loading for other three boilers are assumed.

5-133




	CHAPTER 5 DIAGNOSIS OF THE SELECTED STATIONARY SOURCES AND STUDY OF POLLUTION CONTROL MEASURES
	5.2 Results of Diagnosis and Study of Pollution Control Measures
	5.2.1 Thermoelectric Power Plant (A)
	5.2.2 Thermoelectric Power Plant (B)
	5.2.3 Petroleum Refinery
	5.2.4 Chemical Products Factory (A)
	5.2.5 Chemical Products Factory (B)
	5.2.6 Chemical Products Factory (C)
	5.2.7 Chemical Products Factory (D)
	5.2.8 Chemical Products Factory (E)
	5.2.9 Petrochemical Products Factory (A)
	5.2.10 Petrochemical Products Factory (B)
	5.2.11 Petrochemical Products Factory (C)
	5.2.12 Asphalt Plant
	5.2.13 Cement Factory
	5.2.14 Glass Factory (A)
	5.2.15 Glass Factory (B)
	5.2.16 Glass Factory (C)
	5.2.17 Rubber Products Factory
	5.2.18 Paper Factory
	5.2.19 Paper Products Factory (A)



