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Resutts of the Study at Ghazvin Glass Company

Outline of the Factory
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Plant name

Ghazvin Glass COlﬁpan)}
Plant address

Gha'zyin. Ciiy |

Number of employees
i,232.

Majof producls'

* Ordinary sheel glass, figured glass, and mirror -

Production capacity
130,000 Uy
Prbcess'descriplion ’

Four snde porl regenerator type tank furnaces are provnded Among them, two lines are

- used to marufacture ordmary sheet glass, while one line is used for f;gured glass. The
" ‘remaining one line has an ordinary sheet glass manufactunng machine and a fngured
- glass manufacluring madchine, so that both products can be manufactured at the same

time. Sheet glass is manufactured by using the Colburn method, while figured glass is
manufactured by using the Roll-out method.

- Plant history -

Tlns plant was established by ]nduslml Mmmg Deve!c:pmenl Bank of Iran (IMDBI)
and Pan-Altiance Corporatlon a U S mveslmenl company.
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(8)

Technology and engineering were furnished by General Glass Equipment Conipany in
the United Statés. Construction was started in 1964 and completed in 1968, when
production was started. As the manufacturing method, Fourcanlt methed was used (o
manulacture ordinary sheet glass, However, in the initial stage, matfunclion of production
occurred due o many technical problems. Therefore, cooperation with the U.S.
company was canceled and a technical support agreement was made with Nippon Sheet
Glass Co., Ltd. in June, 1969. In 1970, No. 2 furnace was consttucted and the ordinary
sheet glass production facility using the Colburn method was started. In 1972, No. 3
furnace was constructed and, in 1978, No. 4 furnace was constructed. Two years before,
in 1976, the Fourcault type machine in Ne. | furnace was dismantled, and instead, a
Reli-out type figured glass production facility was installed. In 1979, a Roll-out type

- figured glass production facilily was installed in No. 2 furnace so (hat both ordmary

sheet glass and figured glass could be produced,.

Presently, lhele are four sheet glass production plants in L.R. Tran, which production

: capacny is approximately 300,000 tons per year, The share of Ghazvin Glass is close

to 40 %

: Heavy oil had been used for fuel, which was switched to natural gas for Furnace No. |

after periodic cold repair in 1995, Since this is a goveramental pohcy, heavy oif will

: gradually be swilched to natural gaq also for other furnaces.

l’or produclion of sheel glass using the most modein float technology, its iniroduction
has already been detérmined bul the starting time has not been dec1ded yet because of
the problcm of foreign currency allocation, ' :

Plant tayout |

Figure 4.1 shows the plant layoul,

i
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Figure 4.1 Plant Layout
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(9). One line diagran

Figure 4.2 shows the one line diagram.
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Figure 4.2 One Line Diagram
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{10} Outlinc of major equipment

Ne. | plant:

Side-port regenerator type glass melting furnace oo, e | 801

Rol-out type figured glass continuously manufacturing equipment .. 1 824
No. 2 plant:

Side-port regenerator type glass Meling fUMNACE .o eveenenis I set

Colburn type oidinary sheet glass continuously manufacturing equipment ..., | set

Roll-out type figured glass continuously nanufacluring equipment .......... e | SCL
No. 3 plant:

* Side-port regenerator type glass melting furnace ... erenn e donrenats e | 5L

- Colburn type ordinary shezl glass conlmuously manufaclunng equipment .... 2 sets
No. 4 planl

Side-post regenerator type glass melting furnace ................ friies rerespasnns i | SEL

3 scts

Colburn type ordmary sheet glass conlmuously manufacturing equ:pmenl .-

(in Energy prices

" Table 4.1 shows energy prices.

"Table 4.1 Energy Price

" Energy Meat Value -~ 1992 1993 1904 1995

Heavy O~ ' Hho 10,600 keallkg s s s 15 RialiL
- Natural Gas- Hi = 9,500 kealin®y, .~ - - 20 Rial/im?®
Diesel Gil . Hi = 8462 kealkg < 10 10 0 20 RialiL.

Cowd

-~ Electric Power e 105 71355 285 61 Rial’kWh

(12) Study period
a. Preliminary study: Oct. 9, 1995
b.  Plenary study  : July 14 10 16, 1996
- (13) 'Members of the study team

a. JICA team
Leader _ : Norio Fukushima
Process management technology

and heat management technology: Masami Kato

Electric management technology  : Toshio Sugimoto .
Electric management techaology @ Kazuo Usui (Peeliminary study)
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b, PBO tcam

Energy conscrvation : Mr, Akhavan (Preliminary study)
Micro level energy management: Mr. Mianji

Micro leve! energy management: Mr., Seyed Reyhani
Instrumentation : Mr. Shayesteh {Preliminary study)

(14) Interviewces
M. S. Sabet ¢ Factory Manager

‘Mz, KH. Manzoeri: Chief Engineer, Assistant of Faclory Managcr
‘Mr, A. R, Maibadi: Chemical Engineer, R & D Ceriter

Mr, Masoudi : Chief of Electrical Department
Ms. N. Rezaei ;- Electric Generator Manager
Mr, Miralami + Electrical Expert

Mrs. A. Bayal s+ Master Student, Research Project
: 4.].2 - .Encrgy _consumplion status . .
(:l) Trend of production
: Tabfa 4;2 and Figuré 4.5 show #nnual produblion.

: Producuon rano of ordmary sheet glass'is approximately 60 % and producllon ratio of
flgund glass is approxlmalely 40 %.

Table 4.2 Aunual Produchon

CUnit - 1990 1991 1992 - 1993 1994 . 1995 .

Production H0vy 1394 1365 1473 1203 1174 1894

Figure 4.3 Annual Production
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(2) Trend of energy consumption

Table 4.3, Figures 4.4 and 4.5 show the data on annual energy consumplion (heavy oil,
natural gas, diesel oil, electricity) obtained from Ghazvin Glass.

Table 4.3 Annual Encrgy Coisumption

_ Unit - 1989 1990 1991 1992 1993 1994 1995
Heavy Oil 1°kLyy 6402 7142 6377 7276 7374 7539 66.65
Natural Gas 10 mYy 998 1147 693 3.50 8.17 726 857
Electric Power City  10°kWhry 127 127 127 127 127 127127

Diesel  10°kWhiy - - - Sl il 102 90
Total ~ 10°kWhiy - . - - 24.1 23.8 - 229 21.7

Diesel Oil 10° kiLty - - - 3.23 279 3.36 3.0l

Figure 4.4 Amnual Heavy Oil and Natural Gas Consumption -
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Figure 4.5 Annual Klectricity Consuniption
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Trend of energy intensity

Table 4.4 shows energy intensity derived from the data oblained at Ghazvin Glass.

Figure 4.6 summarizes trends of fuel intensity per unit weight of product.

Table 4.4 Annuat Energy Inteisity

[kcalkg Product]

19800 1990 1991 . 1992

Remarks (1): No. 3 Plant: Cold repair

Note:

(2): ' No.2 Plant: Cold repair
(3): No. 1 Plant: Cold repair
Hcat value of city power — 2,450 keal/kWh -

() — Presumed value; when il is assumed thal the uuh?auon ratio for gas Oll is ldenllcal

to lhal for 1992 to 1994,
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1993 1994 19952

" Heavy oil 5068 - 4,545 4350 . 4444 5514 5447 5927
Naturat gas 797 738 - 478 - 325 617 530 770

~ Diesel oil (199  (179) {194) C 179 188 219 24l
- City power 262 21 226 202 248 239 294
Total 6,327 5673 5,248 5,350 16,567 6,435 7,232
Z Electric power [k\\v’h!kgi - 0.156 0.189 0.176 0.203
Diesel power efficiency {%] o ‘ ' 3_5.6 404 30,9 304
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-Figure 4.6 ‘Tvend of Encrgy Intensity per Product

Note Trend of production of: Fi gure 43
Trénd of heavy ol consumption ¢f: Figure 4.4
“Trend of natural gas consumption cf: Figure 4.4
Teend of electric power consumption ¢f: Figure 45~ !
Heat valué of encrgy  ¢f: Table 4.5
Melting energy intensity 1996 cf: Table 4.6
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Table 4.5 shows the values on which energy intensity calculation was based according
to data such as natural gas composition and calories of various Kinds of energy oblained
from Ghazvin Glass.

Table 4.5 Basic Data of Encrgy Heat Values

Hh H) Specific

kealkg | keall.  kcal/md keal/kg keal/l. kcalm?y Gravity
" Heavy oil 10,600t 10070 - 9,000 9,400 - 0.95+
' Natural gas - - 10,500 - - 9,500% 0.655/Air
 Diesel oil CHLIB0 1 8,940 - 10,580 8,462% - (0.30)

" Note *: Information from Ghazvin Glass,
Cf: Chemical analysis data of natural gas s
' CH, 84.11 %; C,H, 10.19 %, C;H, 3.81 %, C,H,, 0.39 % - §
Others 1.50 %(CH,;, CO, N,, elc) '

(4} Energy flow and energy intensily at normal operation
Fo obtain data for each furnace at normal Eopl:ralicm. daily operation for the last one

month {molten glass volume, cullet utitization ratio, melting energy consumption, and
- volume of product).was obtained and shown in Figures 4.7 to 4.10. '
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Figure 4.7 Daily Operation Data on No. 1 Plant (May 1996)
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Figurc 4.8 Daily' Operation Data on No, 2 Plant (May 1996)
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Figure 4.9 Daily Operation Data on No. 3 Plant (May 1996)
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Figure 4.10 Daily Operation Data on No. 4 Plant (April 1996)
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Table 4.6 shows energy intensity by furnace (for melting only) obtained according to
above datd excluding the days on which normal operation was impossible due to special

operations, elc., and based on energy consumpnon compensated with agmg of lhc
furnace and room air temperatire. -
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Table 4.6 Melting Energy Intensity in No. 1, No. 2, No. 3, and Ne. 4 Plants

- Melting encrgy intensity (kcal/kg prod.)

: _3,‘)}7

Plant No. No. 2  No.3 ‘No. 4
Kind of glass Figured  Sheet and figured Sheet - Sheet
Color Clear Clear - Bronze * Clear
Period May 1996 May 1996 May 1996 April 1996
No. of data | 2 0» 29 2
Molten glass (average vd) _ 107.6 128.2 S 117.4 181.3
Cullet (average %) 383 37.0 400 CALL
MGS (Vdy" | '101.0 1211 1093 167.9
Product {average ¢d) 964 97 58.0 1190
Yield (%)@ : : - '89.6 T3 ‘ 49.4 . 65.6
Fuel (average m*d) 43,424 » S '
Fuel (kL/d) - 413 523 822
Service year (Year) . 0.6 ‘48 . T 98
Ambient temperature {°C) | 27 27 . 2. 17
Revised fucl (m¥d)® 41,598 ST
Revised fuel (kL/d) o o390 476 .2
Revised fuel (10° keal/dy® : 395 36T A4 669
© Meclting energy intensity (kealrkg MGS) 3,9“_ 300 4,090 3,985
4,098 | 7,707 5,622

R_emarks:; No. l_Plani:

" No.?2 Plant:

'No. 3 Plant:

' -No. 4 Plant:’

‘Note (1) MGS Molien glass on cullel 25 % basis.
434-C%.

MGS = P 04k MG
400+ C%"

{2): Yield: Product/MG X 100

2-machine operation.

Natural gas combustion; snmplemsulahon yleld 1sunbellevably excecllent.

Abnormal condition; Furnace draf tis not cnough and loaded down.
Just before cold repair (3rd May ~), Old furnace

(3): Revised Fuel: Revnscd fuel consu mpllon at new furnace and ambient temperature 15 °C.
Ay = - {0.014'\_( 0001.8 (t-15)} Yo

Y: Service year :
t : Ambient temperature °C
y: Fuel consumpuon

(4): Heat value of fucl: He value (cf: Table45)

Flgure 4.1 shows the {rend and averagc va!ue of rccent fuel mtensnly (per molten glass

volume) of each furnace separately obtained.
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Figure 4.11 Trend of Fuel Intensity
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4.1.3. . Situation of Energy Manageent

(D

Setting the encigy conscrvation targel

No specific target value has been set yel. However, impr'o'vemenl in terms of energy

“conservation'is applied at periodic cold repair of thé furnace. The example is No. I_ :

furnace that was periodically repaired Iasl year.

“Although not directly associatcdwith energy con'servalion a governmental policy is to

switch the glass melting fuel from heavy oil to natural gas, which they are expecled to

" follow. This palicy was nmplemenled for No. | furnace last year, Implementation for

No. 2 furinace is being planacd. l*or No 4 fumacc cuuenlly under periodic repair

natural gas will be uscd after restart. For the promotion of the energy conservation, it

is essential to raise the consciousness of every employee for energy conservalion
therefore some niotivation for such effort should be given.

—242—
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(2)

oy

Systemalic activitics

In 1995, an energy comimittee was established. The number of its members is four. The
frequency of convening this committee has not been determined yel. To promote
company-wide energy conservalion activitics, the Encrgy Committee should berevitalized
and cooperation between departments should be enhanced.

Data-based management

The cbjects for these activities include the fuel consumption, excess air ratio, furnace
temperatire analysis; air infiltration volume, heat radiation from the furnace wall,
measurcment of the secondary air preheating temperature, etc., and nieasurement of
electrical items such as current and voltage fluctuation, and power factor. On the other

“hand, the deterioration of the aged measuring equipment is raised as a prdblcm to be

coped with.

There are extremely large disparities among annual data, monthly data, and data by
furnace; therefore it is hard to determine which data should be uséd for reference.

As the future subjects, acquisition of reliable data through ephancement of the measuring
cquipment and measurcment control and da!a utilization lhmugh analysns of collected

data are essential.

Since storage and miaintenance of document and data are in a poor state, any desired
d0cument}dala cannot be promplly n,lncved This is a problem in quality control
(TQC) in its broad sense, and il is also lmportanl in terms of cncrgy management.

Educalion"and !raining bf c'nip}oyees

i Orgamzallons with which Ihc faclory slaff keep conlact for obtammg technical information

are PBO and Internationat Encrgy Study Institute, Some- employces are attending the
Energy Forum convened by the Ministry of Pelroleun.

‘or training of general workers, a training leatlet was prepared but it is said to be at too
higha Ievel. Therefore, the ?e‘aﬂ_ét has not been distributed.

There is a commending system for c!’!‘ecuve :mpmvement proposals buf il is not
patticularly intended for energy conservation. A problem which they raise is lhe fact
that employees are nol conscious about encrgy conservation. Bducation on the necessity
and téchniques of encrgy conservation should be promoted.
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Equipment maintenance

The largest equipment are tank furnaces whose life is generally about eight years. No.
4 furnace has been operated for ten years, while on the other hand, the No. 3 furnace
currently in use shows signs of heavy degradation in the seventh year., Generally,
equipment management does not seem to be sufficiently conducted.

Concerning the work area environment, there is no clean work area excluding the diesel
powes plant. Cleanliness of the work arca is the basics not only for equipment
managemeiit but also for stable operation. These work areas are fairly inferior to the
excellent factory. Employees should get atcustomedto cleaning the work area themselves.
These are the problemis in preventive maintenance (TPM). :

4,1.4 . Problems in the Use of Energy and Counteymeasures

(1)

Heat balance for the tank furnace .

To check the actuat status of energy consumption by the tank furnace, heat balance was

calculated for each furnace. Since there was no sufficient tinme available, No. 2 furnace

- was selected to be measured because its operation was stablest. For the other furnaces,
‘assumption was made based on the values obtained from No. 2 furnace and the
interview resull. The area for heat balance includes the melting furnace and regenerator.

- a. Operating condition

For operatmg conditions as lhe basics on heat balance the average values for the
lastone month were used. (See Table 4.5.) Table 4.7 shows data of No. 2 fumace
on the measuremem day. Table 4.8 summarizes the basnc data of hem balance
derived from Tablés 4. 6 and 4.7, ‘

 Table 4.7 ‘Opcratidn Data on Nd. 2 Furnace

_ Unit 16 July 17 July Average
MG . Yd. 13243 S 13192 1322
Cullet vd 35.2. _ 4007 37.6
% % .. N5 L 259 24.1
MGS vd R4 SR & - ' 1329

Oil ki 4213 4109 41,6
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Table 4.8 Operation Basic Data on Each Furnace

No. 1 Furpacet® No. 2 Furnace® 'No. 3 Furnace™ No. 4 Furnace'®
Date May 1996 May 1996 16, 17 July 1996 May 1996 April 1996
MG (vd) 107.6 128.2 132.2 117.4 181.3
" Batch (vd) 75.7 92,4 118.3 '80.0 121.0
 Cullet (Vd) 47.0 54.3 376 53.4 84.5
Cullet (%) 38.3 370 4.1 40,0 4L
Fuel (m¥d) 41,424 _ '
Fuel (kL/d) a1 416 52.3 82.2
* Tuel gas H1 (keal/m* 9,500 _ N
Fuel oil HI (kcall) " 9,400 9,400 9,400 © 9,400
Atomized and purged air (m'yh) (155+155) {530+155) (5304155)  (7004195)  {1,0554310)
Room temperalure (°C) (22)*1 (22)*1 32%32 . (22) (l?)

Fuel temperature (°C} C(22)%1 . i ( 78)“‘| : - 18%3 (78) _ {18)

‘Remarks (1): Natural gas; figured glass.
- {2); Heavy oil; sheet and figured glass.
{3): Heavy oil; sheet glass bronze color.
{4); Heavy oil; sheet glass just before cold repaur

Note *1: (): Presumed value.
" %2: Measured dala by anemometer
i H Dala at control room,

b. Méasurcd values and _availablé data

1) Heavy oil flow rate, regenerator oullet fluc lcmperalure and crown No. 4 porl
5 lcmperalun

Figure 4.12 shows the teniperature record that was input from the panel in the
* No. 2 furnace control room, '
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Figure 4.12 Oil Flow Rate and M.T. - 4P Temperature and Regenerator Ouvtlet Temperature

No. 2 furnace 16 July 1996
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2) Exhaust gas temperature and secondary air prehealing temperature (4P)

Figure 4.13 shéws the measurement record of the exhaust gas temperature and

sccondary air pieheating temperature (from 1P to 5P), measured through the

-peep hole over the checker brick of the left regenerator of the No. 2 fusnace by
‘using the suction pyrometer (for 4P only) anid the ordinary thermocouple and
the exhaust gas temperature in the flue below the stack.
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‘fgure 4.13 Air Preheating Temperature and Exhaust Gas (W. G.) Temperature at Upper

OO0 -

Temperature (°C)

and Lower Parls of Regenerator
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;reg’enc'ralor top 4P exhaust gas lempcralu'rc (suclio:n_p'yromclcr and normal pyromcter)

upper regenerator 4P air le_mpéralu(e (normal pyrometer)
regenerator top 4P air temperature (suction pyrometer)
exhaust gas temperature lower part of regénerator

. Atalocation such as the regenerator where the ambient refractory temperature
and gas {empem_wre'are not equilibrated with cach other Vbec_ausc the cxhé_usl
gas and air alternately pass, a suction pyrometer was used to avoid the effect of
radiation from the wall surface and measure the real gas temperature. As a
- result, for the No. 2 furnace left regenerator 4P, the difference from the
ordinary thermocouple was +20 °C for the exhaust gas, and =75 °C for the air.
Assuming the similar temperature difference at other locations, correction was
made to calcljiatc !hc:avcragc value. (See ligure 4.14.)
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Figure 4.14 Calculation of Average Real Temperature of Exhaust Gas
and Consumption Air at Upper Part of Regenerator

1P 1,305 4P1,330
2r 1290 | 4| 3P 1300

.n---?u—n-ulunnun?n--nu nn--ulzunn - -“HHS-P ‘ 2_,5 2P | 2-25---n--n- | :(:;)OC
122 1225 | 1P 12251 e 13%0%C

. T L L s ---—4 ke ¥ ¢ G I,SCO"C
. 5P 1,210 g
! n--—: ] 1 .- |250°C
; ."l i'l' 'r’ﬁ oy ~me 1200°C

Average lemperature

by

‘ -unu‘ n -Hﬂﬂ+u8- i -#-- .--. !J R | ﬂ“ﬂﬂﬂﬂﬂl ' |§00C
-uu-_ -—---ﬁnn-n-h;-n-u uun nmnutn!n-n ub- ra - J = ' L ob b & D0 KO S I lwoC
16:20 ' 16:40 ' oo | 17:20 | 17:40
\'onnal W.G - Air Suc_(ion W.G - Air
P 1,305 —— 1,225 (1,325) — (L1509
2P 1,290 -——— 1,225 (1,318) — (5,150)
“ap 1,300 --— 1,225 1,320) — (1,150)
L ap 1,330 —— 1,225 1350 — 1,150
5P 1215 —= 1210 1 (1.295) —(1,135)

Average — — 1,320 — 1,147

3y Oxygen content in é:xhaﬁsl 'gas

The percentage of oxygen in the exhaust £gas was measured by usmg an O,

meter for 1P o SP Table 4 9 <h0ws lhe resull

Table 4.9 Oxy gen Comenl in Exhaust Gas at Upper Par! of Regenerator

No.2 Plant. S B t 15:45 & 16:00, 161u1y|996f'
P 2P A ) P Average

(%) 4.38 471 3.32 295 - 5.05 4,18

Fzgurc 4.15 shows the measurcment rccord of the oxygen content in lhe
exhaust gas in lhc flue duct wnder ihe No. 2 furnace slack
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Figurc 4.15 Oxygen Content in Exhaust Gas under Stack

No. 2 furnace C 17 July 1996

—————

18

16 : — _ -

i4

0, %

12

.8 : 1 "".I.--_ L L
3 S s . 1145 LETE L1200 12:07

Tine

4)  Recent 'operation_ data

.' Figures 4.16 to 4,18 show the graphs of recent operation data for each furnace.
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Figure 4.18 Operation Data on No. 3 Furnace (Bronze Color)

1.500
1,490
1,480
1,470

1,460
1,400
1,390
l,jslo

‘1,370

930
920
910

500

- 940 —

P

N

xF

oy

490

450

N /\ ./fﬂue'undersléc.k. nﬁ

470

120
115

10

450

430

420

Date

N D R T D R N I

21 22 23 24 25 6 21 28 29 May 1996

—252—



5) Figure 4.19 shows the readings of the thermometers in thé meter room for each
furnace recorded during measurement and plotted in the flow direction,

Figure 4.19 Temperature Distribution Curve

No.i
1,500 17 July 1996
1,400
g 130
g L
g 2
=T,
t 1m0 :
| Botlom
D N
1.1_00 -
N D L ESURRR SR W R S
P 25p . ap "MTE RT. SP. CC
¢. - Heat Input
1) Calorific value of fucl
For the calorific value of fuel, the net calorific value (H€) is used. Although the
fue} temperature during nieasurement is unknown, it is assumed that gas
~ consumption was indicated in terms of m’;. These ar¢ shown in Table 4.10.
" (See Table 4.8) : BRI
" Table4.10 Calorific Value of Fuel
'No. 1 Fumace 41,424 X 9,500 - = 39,35 x 107 kealld
No. 2 Furnace 413 % 10° X 9,400 = 38.82 x 10" keal/d
No. 2 Furnace 16, 17 July 41.6 X 10° X 9,400 = 39.10 x 107 keal/d
No. 3 Furnace §52.3 % 10° % 9,400 = 49.16 x 107 kealid
No. 4 Furnace 82,2 % 10° % 9,400 = 77.27 x 10" keal/d
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2)

Sensible heat of fuel

The sensible heat of the fuel is calculated based on 20 °C and shown in Table
4,11, {Sec Table 4.8))

Table 4.11 Scnsible Heat of Fuel

No
No

No. 2 Furnace 16, i? July

No
No

. I'Furnace

. 2 Furnace

.3 Furnace

. 4 Furnace

(22 - 20) x 0.53 x 41,424 = 0.00 % 10" kealid
(78 - 20) % 0.48 X 41.3 X 10° % 0.95 = 0.11 x 10" keal/d
(78 - 20) X 0.48 x 41.6 X 10° % 0.95 = 0.1 1 x 107 keal/d
(78 - 20) X 0.48 x 523 X 10° X 0.95 = 0.14 x 10" keatid -
(78 - 20)  0.48 x 82.2 X 10° X 0.95 = 0.22 x 10" keal/d

3)

Sensible heat of air

Air consumed for fuel combustion includes the secondary air coniing from the

_ reversal, the primary air coning into the burner for atomization; the air coming

from the area around the burner tile as a tesult of the ejector effect, and the air
for purging the burner on the suction side. As the total air volume, the sum of

~ the excess air volume oblained from the oxygen contenl in the exhaust gas
~coming into the regenerator and the theoretical air voluime is shown in Table

4.12. {For details, see the section of Heat Output. For the air temperature, see
Table 4.8.) _ : '

: Table 4.12 Sensible Heat of Air

‘No
No
No
No
No

. 1 Furnace
. 2 Furnace

. 2 Furnace 16, 17 July

. 3 Furnace

. 4 Furnace

23,172 n’y/h X (22 - 20) x 0,31 % 24 = 0.03 x 107 keald
21,293 m'yh X (22 - 20) x 0.31 x 24 = 0.03 X 10" kealtd
2,448 miyh X (32 - 20) X 0.31 X 24 = 0.19. % 10" kcalid
26,964 mb/h X (22 - 20) X 0.31 x 24 = 0.04 x 10" kealid
42,380 myh x (17 = 20) X 0.31 X 24 = ~0.09 X 10" kcal/d

-4) Seasible heat of raw m_ateﬁal

5)

© is ignored,

Supiﬁosing that the raw malerial is ahﬂ*éys chacged at 20 °C, the sensible heat

Total heal input

~ Table 4.13 shows the total heat input.
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Lealyi

Table 4.13 Total Heat Input -

No. 1| Furnace
No. 2 Furnace

No. 2 Furnace 16, 17 July

Nao. 3 Furnace

“No. 4 Furnace

(39.35 + 0.00 + 0.03) x 10" = 39,38 x 10" kealtd
(38.82 1 0.11 + 0.03) x 10" = 38.96 x 10" keal/d
(39.10 + 0.1} + 0.19) X 107 = 39,40 x 107 keal/d
(49,16 + 0.14 + 0.04) X 107 = 49.34 X107 kcal/d
(77.27 £ 0.22 - 0.09) x 10" = 77.40 x 10" keal/d

' d Heat output

" '1)" Heat value for melting raw material

* Table 4.14 shows the pércentage of each raw material to be mixed.

Table 4.14 Batch Composition

NoT 1 Plant . " No. 2, 3 Plant

- Total (e)(cgp_t éuilei)

8347 11,5201

Unit  No. 4 Plant
“Sitica sand kg 480 L1865 - 879
Dolomite . . kg 132 R ' 221 Y3
Limeé stone ke X T T 15
Feldspar ' kg - . . © - 43 42
Soda ash kg 156 282 283
Salt cake kg 1 TS t4
Carbon- - o . - -

- Cullet : % 37 37 (No. 2), 49 (No. 3) 4

- Waterin Bach % 5.6 5.6 56
' kg . ©1,5403

Table 4.15 shows the k_g-inbl calculated value of each raw material.
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Table 4.15 Calculation of kg-mol

Raw Material  Silica Sand - Dolomite Lime Stone Feldspar Soda Ash Salt Cake
Molecular formula — SiO, MgCO,CaC0O,  CaCO,  Na3,0-ALO,68i0, Na,CO, Na, SO,
No. 1 Plant 430x095M  132x0.765®  132x0.235%  480x%0.05 156 RN
kg-mol 60.1 184.4 100.1 525.1 106 ©142.1
=7.587 .0.548 - =0.400 = 0.046 - 1.472 = 0.077
No.2,3Plant 13673 0917 0.649 0.164 2.660 0077
No. 4 Plant - 13.894 0.917 0.669 0.164 2670 0.099 -

Note {1): -5 % of silica sand i is feldspar
(2) 716.5 % of dolomlte is MgCO,-CaCO, and 23. 5 % is Hime stone.

Table 4. 16 shows the heat values oflransformauon reaction, melling, and gas °

hcalmg

Table 4.16 lleal Va Iue of 'l‘ransformalion Reaclion, Meltmg and Gas Heahng :

' l’cldsp’ar .

Soda Ash

:' ’i"oial

No. 4 Plant

keal

| Raw Material - 'Dolbjn?il:e ‘Lime Stone . 8alt Cake
keallkg-mot 107,614 50,242 - 26,3008 45,096 04,249 -
No. 1 Plant -~ keal ' 58,972 30,097 1,210 66381 7257 153947
‘No.2,3Plant  kcal 98,682 - 32,607 4313 . 119955 7257 262814
98,682 33612 4313 120406 . 9331 266344

Note (1) In casc of KIIO-AI,'O,.()SEOI the heat value is 46,330_ kcél!kg_—mol.

Table 4.17 shows the hca! value for glass hca‘ling.

If the specific heat of glass is 0. 295 keal/(kg- °C), thc heat value rcquircd to

heat it from 20 °C to ISOO “CH is as I‘ollows

0.295 x {1500 - 20);: 4_36.6 kc'alfkg
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Table 4.17 Heat Value of Glass Heating

No. | Plant 834.7 x 0.8 x 436.6 = 291,544 keal/Batch
No. 2, 3 Plant 1,520.1 X 0.8 X 436.6 = 530,941 kcal/Batch
No. 4 Plant 1,540.3 X 0.8 X 436.6 = 537,996 kcal/Batch

Note (1):' Batch yield (wet): 80 %
Table 4.18 shows the heat values of water evaporation and heating.

Table 4.18 Heat Valuic of Water Evaporation and Healing

No. 1 Plant 8347 % 0,056 X 1,366.6 « 63,879 keal/Bateh’

No. 2, 3 Piant . 1,520.1 X 0.056 % 1,366.6 = 116,333 keal/Batch
No. 4 Plant ; 1,540.3 X 0.056 x 1,366.6 = 117,879 keal/Batch

Note {1): Heat value of walcr _ T
{100 =20y x 1 0 + ‘339 6 + (1,500 - 100) x 05’%%4 =] 3666 kcah‘l\g

* . The heat valuc of batth mellmg is the sum of the values in Tables 4. 16 4, l’i’
and 4.18: Ta_bh: 4.19 shows the value per | kg of batch,

Tab]e 4.19 lieat Vahigof Batch Mélling

- (153, 9]7 + 29l 544 + 63,879) + 834, 7

T = 610.2 keal/kg

‘No. | Plant
No. 2,3 Plant _. (262, 814 +530,041 + 116,333) < 1,520, l = 598.7 keallkg
No. 4 Plant _ | (266,344 + 537,996 _+ 117,879) = |,54{_).3 = 598.7 kcalikg
of * Heat valie of cullel m¢hi‘ng _ = 436,6 kecalikg
As the effective heat, the heat value required to melt and heat the raw material
mcludmg cul!ct is obtained and shown in Table 4.20.
. Table 4.20 lleat Value of Raw Malcnal Mellmg and llcatmg
Batch N Cullct - Total
No. 1 Furnace 462% 10 - 205%10° 6.67 x 10" keatld
No. 2 Furnace 5.53 % 10° 23710 ©7.90 x 107 kealld:
" No. 2 Furnace 16, 17 July 7,08 % 107 .64 %107 872 % 107 kealid
No. 3 Furnace 479% 107 2.33 % 107 C 7.2 x 10" kealid
No. 4 Furnace 7.24 x 107 13,69 %10 10.93 x 10" kcal/d -
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2) Heat value of exhaust gas

2-1)

2-2)

Calculation of theoretical air volume (Sce Table 4.5.)

Natoral gas:

Ao :ml(zxo 8411 +3.5x0.1019 1§ 0.0.381+6.5x0.0039)
HIO’M mie/miy

Heavy oil:
o= 085%9,900 0 10.42 ni*n/kg
1,000

(Calculated from the approximate relational formula with HE since
the heavy oil element analysis values are unknown.)

" Calculation of the cch_:sé air volure (See Tab_le‘4.9 and Figure 4.15.)

21

Airrati
r ratio m= . (Oz%)

Accordmg to the Q, anaiysu value durmg measurement on July 16 and -

17 for the No. 2 fumace

Abovc the checker brlck of the regencrator
: S : Averageozudls%,m-—lzs

‘ Below the checker bnck of the rcgeneralor '
Avcrage 02 w 10 6 %, m=2.02

C_alculatiqﬁ of acgual air vﬁilume
A= ni_-A0: m*kag

'l‘h.e vo_lum&_: of air fo_r_ _combuslioq for_ihé .Noé ?Turnacé on July 16 is:
' =l?5x1042x4!6x095x|$)0.

= 2] 448 m’\!h
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2.4

2-5)

'[Aitcrnalive method]

Bascd on the actually measured air voluine for combustion on the
inlet of the reversal (i.e. 6 m%sec):

6 % 3,600 = 21,600 m'th

On the other hand, thc'prinﬂary air volume for heavy oil burner
atomization and purging is 685 m’/h. (See Table 4.8.)

Therefore, the total air volume for combustion is 22,285 m?y/h,
which is approximately idéntical with the value obtained from the O, -
analysed value above the checker brick in the regenerator.

~ Calculation of theoretical exhaust gas volume {wet) (See Table 4.5.)

* Natural gas:

Go= 1 + Ag— 0.5 x (-0.1019 = 2 x 0.0381 — 3 x 0.0039)
=11.83 m/my-fuel

Heavy oil:

- 1L1%9,900

Gg = — 22 10,99 m3w/kg-fuel

- 1,000

Calculation of the actoal exhaust gas volume (wet)

G = {G, + (m'u 1) - Ay) mi/m’, or kg-fuel

+ Volume of the generated gas from raw material
Volume of the exhaust gas from raw material: 0.13 ml/kg-batch -

Table 4.2] shows the calculation resul( of the exhaust gas volume per

~ hour.
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Table 4.21 Velume of Exhaust Gas (Wet)

Upper Part of Regenerator Under Stack
No. 1 Furnace 25,053 + 410 = 25,463 m*/h 39,318 + 410 = 39,728 m’y/h
No. 7 Furnace 22,225 + 501 = 22,726 m’4h 35,342 + 301 = 35,853 m*sh
No. 2 Furnace 16, 17 July 22,386 + 641 = 23,027 m’h 35,598 + 641 = 36,239 m’/h
No. 3 Furnace 28,115 + 433 = 28,578 m*yh 44,755 + 433 = 45,188 m’/h
~ No. 4 Turnace 44,235 + 655 = 44,890 miyh’ 70,340 + 655 « 70,995 m’h
Nolé: The air ratio of every furnace is assumed to be the same as No. 2 furnace (16; 17 July)
2-6) Calculation of the heat loss of exhaust gas
If the sensible heat of exhausl gas below the ckecker brick in the
regenerator is presumed to be the heat lons of exhaust gas, it is as shown
in Table 4.22. Figure 4.20 shows the' average spec;ﬂc heat of exhaust
gas and air under the conslanl pressure. :
Table 4.22 1leat Loss of Exhaust Gas
“No. 1 Furnace (470 - 20) X 0,332 x 39,728 % 24 = 14,25 x 10" keal/d
No. 2 Furna_cc- L (470 - 20) % 0,332 x-35,853 x 24 = 12.86 x 10" kcal/d
No. 2 Furnace 16, 17 July (470 -20) X 0.332 % 36,239 x 24 = 12.99 x 107 keal/d
No. 3 Furnace (470 - 20) X 0.332 X 45,188 X 24 = 16.20 X 10" kcal/d
No. 4 Furnace (470 - 20) % 0.33_2 X 70,995X 24 =25.46 x 10" kcal/d
Note (1): Exhaust gas iemperalure ofcvery furnace’is assumed to be the same as No 2 fumace
(16 July) (cf: Figure 4.12) '
(2): of: Figure 4.19
(3): cf: Table 4.21
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3)" Recovery heat value of regenerator

The recovery heat value of exhaust gaé in the regenerator is obtained by
Subiraéting heal radiation from the outer wall surface of the regenerator from
* the difference between the sensible heat of the exhaust gas above the checker
brick'in the regenerator and the sensxb!c heat of the exhaust gas helow the
* checker briek in the regenerator. ‘Fhe ratio of this recovery heat and the tota!
~ heat input is the regencralor recovery rate. ‘This heat value is used to preheat
- the secondary air. ~ Actually, the difference between the sensnble heat of
exhaust gas above the checker brick of the regenerator and the sensible heat of |
exhaust gas below the checker brick in the regenerator is rcgardcd as the
recovery heal value. Heat radiation from the ouler wall surface is ignored.

Table 4.23 shows the sensible heat of exhaust gas above the fegencrator.
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Table 4.24 shows the recovery heat value and recovery rate of the exhaust gas
in the regenerator.

Table 4.23 Scasible Heat of Exhaust Gas at Upper Part in Regenerator

No. t Furnace (1,380 — 20) x 037 % 25,4633 x 24 =~ 30.75 x 107 kcal/d
No. 2 Furnace {1,320 - 20) x 0.37 x 22,726 x 24 = 2624 x 10" kealid
No. 2 Furnace 6, 17 July (1,320 - 20) x 0.37 % 23,027 x 24 = 26.58 X 107 keald
No. 3 Furnace {1,320 = 20) x 0.37 x 28,578 x 24 = 32,99 % 10" keal/d -
No. 4 Furnace (1,320 - 20) x 0.37 x 44,890 x 24 = 5182 x 10" kcalid

Note (1): Exhaust gas tcmperalure of No. 1 furnace cf: Figure 4.16
- Exhaust gas of No. 2 3, 4 furnaces is asumed to be the same as that for No. 2 furnace
{16 July).
(2): cf: Figure 4.20 .
(3): cf: Table 4.21

Table 4.24 Retovcry_lleat Value at ch‘encfator and Rccovgry Rate.

"No. 1 Furace ; 16,50 % 107 keal/d® - 41.9 %

‘No. 2 Furnace o . 1338 x 107 keakd - 343 %
© No. 2 Furnace 16, 17 July 13,59 % 107 keal/id ' CMS%
No. 3 Furnace o 1679 % 107 kealld 340 %

No. 4 Furnace .~ S 2636 % 107 kealrd | B TRE

Note (1): (Table 4.23 — Table 4.22) + (Total heat input) |
4) Heat radiation
4-1) Heat fadi_ati(in fcom the furnace wall

‘For No. 1 and No. 2 furnaces, heat radiation from the furnace walt is
calculaled based on the partially measured furnace outer surface temperature
and furnace wall structure, and is shown i in Tablcs 4.25 to0 4.28. (For the
calculauon formula see the Guldelme )

-~ Note: *~ . 3

- MT: Meling Tank
RT : Refining Tank’

" ST :*Setding Tank
SST: Side Settting Tank
CC : Cooling Chamber
Cnl: Canal .

‘FH : Fore house
EW: End Wall
FW : Front Wall
HA : Heating Area
ME: Melting End Area
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Table 4.25 Heat Loss from Wall Surface (No. 1 Furnace)

" Mecasuring -

No. 1 F : Surface Sfc?surmg Unit Heat Loss Heat Loss

0. 1 Fufnace Area (m?) urtace {kcal/m2h) (kcal/h)

Teaperature (°C)

Bottom MT Under 13 ~ (4,800) $42,400
-Side 14 - (1,000) 14,000

RT, ST “Under a7 - (4,300) 225,600 -
‘ Side ' 5 - (1,000) © 5,000 .

CC, Cal., FH' “Under 26 - (3,000) 78,000

Side SRR § - (1,000) 11,000

Side wall MT Upper ' S22 350 9,000 189,000
' Under - 20 - 280 © 5,100 © 107,100
“RT,ST 21 260 4,400 92,400

CC, Cnl,, FH 34 150 © 2,000 68,000

Breastwall = MT 48 300 6,000 288,000
RT, ST 20 - (3,0003 - 60,000

CC, Cnl,, FH - 30 - (2000) 60,000

* Back wall 14 - (6,000) 84,000
'Shadow wall 25 . . (7.500) . 187,500
Wing wall © RT ~ MT Side - - - -
| ~ RT~STSide - - _ - -
"EW, FW. _ 14 - ©{6,000) 84,000

Crown MT " HA 68 220370 6500 442,000
- - ME . 51 - - '(6,500) 331,500

RT, ST 49 -  (4,500) 220,500

cc, Col,, FH 19 - (2,000) 38,000

Port Crown 25 .- (7,200) 180,000
Side 46 - (5,700) 262,200

Boltom 24 - (3,000) 72,000

Regenerator  Crown : _ 52 200 3,000 156,000
Side CUpper 100 95 1,000 100,000

Middle . © 100 - - (1,000) 100,000 -

- Lower - 100 - - (1,000) 100,000

Ead wall - 58 1100 1,100 63,800

Botiom 50 - " (500) 25,000

Total 1,206 17 July (): Presumed 4,187,000

(M.T.) (375) (RP) 10,05 x 107 keal/d
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Table 4.26 Heat Loss from Wall Surface (No. 2 Furnace)

feasuri :
No. 2 Surface geafsurmg Unit Heat Loss  Heat Loss
. 3 ¢
0 & ufmace Area(md) oo (kealfmih) keal/h)
Temperature (°C)
Boitom MT © Under 137 - {4,800) 651,600
Side 14 - (1,000) 14,000
RT, ST © Under 82 - (4,800} 393,600
- Side B - (1,000) 9,000
CC, ., FIL  Under 16 - (3,000) 48,000
' Side a - 1(1,000) 4,000
sidewall  MT . Upper 29 - " (16,000) 464,000
' ~ Under £ 129 s 7,000 203,000
RT,ST 38 408 11,500 402,500
CC, Cnl, FH : 6 - (2,000) 12,000
Breastwall MT . = M 250 4,000 164,000
~ RT, ST 22 205 - 3,000 66,000
| CC,Cnt,FH - . T . E 0 (2000) © 14,000
Backwall .19 180 2,300 43,700
Shadow wall ; 36 - - (7,500) © 270,000
Wing wall * RT ~ MT Side e SR - -
RT ~ ST Side 10 ~ . (6000) 60,000
Crown’ MT HA 112 300 6,800 761,600
‘ . “ME 32 - (6,300 217,600
RT, ST 86—  (4,500) 387,000 .
CC, Col,, FH 17 = 2,000y 34000
Part Crown 3 250 4,000 100,000 -
Side 50 - (5,700) 285,000
Boltorm 2_5 . - _ (3,000) ©75,000
Regenerator  Crown N LR 220 13,300 257,400
Side : Upper 30 169 ' 2,000 7 - 260,000
B © Middle SOOI - T 800 234,000
- Lower 130 - 1,500 195,000
Endwall .60 - 205 3,000 180,000
~Betom 74 - S0 37,000
Total - - 48 173uly () Presumed 5,849,000
C(MLT) o (449) (RIP) 14.04 x 107 keal/d
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Table 4.27 Heat Loss from Wall Surface (No. 3 Furnace)

Measuring

No. 3 F Surfate surf - Unit Heat Loss * Heat Loss
. Rrnace ¥
° ¢ Area (m?) urtace {kcal/m™h) ‘(keal/h)
Temperature (°C}
Bottom MT Under 214 - {4,800) £ 1,027,200
Side 16 - (1,000) 16,000
" “RT, ST Under 101 - - (4,800) 484,800
_ Side 9 - (1,000) 9,000 -
'CC,Cnl, FH  Under 29 - (3,000) 87,000
) Side 1 - (1,000 17,000
Side wall ~ 'MT " Upper - 37 - {16,000) 592,000 -
Under 3 - (7,000) - 259,000
‘RT, ST 42 - (11,500) - 483,000 . -
CC, Cat,, FH 17 - (2,000 - 24,000 °
Breast wall  MT 50 - - (4,000) 200,000
' RT, ST 36 - (3,000) . 108,000
- CC,Cal FH ST - - (2,000) 28,000
" Back wall . - 2 (2,300) 50,600
" Shadow wall - 49 - (7,500) 367,500
Wingwall  RT ~ MT Side 6 - (6,000) 96,000
‘ RT ~ ST Side 9 - (6,000) 54,000
EW. = - -
“Crown . MT HA 173 - (6,800) 1,176,400
- ME 53 - (6,800} 353,600
CRT, ST 106 - (4,500) 477,000
CC, Cnl., FH- 1z - (2.000) 24,000
Port : ‘Crown 30 - (4,000) 120,000
© Side 60 - (5,700) 342,000
Bottom 30 - {3,000) ~ 90,000
Regcnerator. Crown : . IOS ; - (3,300) 356,400
. Side © Upper - 180 - {2,000) 360,000
' Middle = 180 - - ©1(1,800) 324,000
Lower 180 - {1,500) 270,000
End wall . 60 - - (3,000) - 180,000
Botiom 103 - - (500) © 51,500
Total 1,974 (): Presumed 8,018,000
(M.T.) (650) 19.24 x 107 keal/d

—265—



Table 4.28 Heal Loss from Wall Surface (No. 4 Furnace)

No. 4 F Surface ?ea:surmg Unit Heat Loss  Heal Loss
0. 9 Yurnace Arca (m?) uriace (kcaV/m*h) (kcal/h)
Temperatare (°C)

Botiom MT - Under 293 - (4,300) 1,406,400
Side 20 - (1,000) 20,000

RT, ST,SST  Under 235 - (4,800) 1,128,000

| " Side 30 - 1(1,000) 30,000

CC,Cnl, FH ~ Under 66 - (3,000) 198,000

Side 14 - L (1,000) “ 14,000

~ Side wall MT - Upper 45 - (9,000) 405,000
‘Under 45 - (5,100) © 229,500

RT, ST, SST 133 - . (4,400) 585,200

CC, Cnl, FlI 14 -~ - (2,000) 128,000

Breast watl ~ MT 66 - (4,000) 264,000
RT, ST, $ST- ot - (3,000) $273,600

cc,enl, FH 3R - (2,000) 64,000

Back wall | o ss - (2,300) 126,500
Shadow wall 37 - (7,500) 652,500
Wing wall - RT ~ MT Side - 16 - (6,000) 96,000
. - RT ~ ST Side -9 - -~ (6,000) 54,600
SST-EW 19 - {2,000) . 38,000

Crown . 'MT HA 186 - - (6,500) 1,209,000
ME 55 - (6,500 - 357,500

“RT, ST, SST 248 - (4,500) - 1,116,000

B CC,Cnl, FH 58 - © (2,000) 116,000
Porl Crown 81 - (4,000) 324,000
Side 64 - (5,700) 364,800

Bottom 82 - (3,000) 246,000

Regenerator - Crown 173 - (3,300) 570,900
Side. . Upper 280 - - (2,000) " 560,000

Middie 331 - (1,800) . 595,800

_ _ Lower 220 - 1(1,500) ' 330,000

" End wall 196 - - (3,000) " 588,000

~ Bottom 163 - (500) - 81,500

- Tolal 3,407 {) Presumed 12,071,600

M) (852) © 2897 x 107 keal/d

— 266



- 4-2) Heat loss of coolers
Table 4.29 shows the heat loss of coolers.

Table 4.29 Heat Loss of Coolers (Presmmed Value)
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Nane of Coolers “Water  Temperature  No. Heat Valuz * No. 1 "No.2 No. 3 No. 4
- {tvh) AT (°C) {pes) (kcalsh) Furnace Furnace Furnace =~ Furnace
Batch charger 4.0/8.0 5.0 32 OxIBNI COf 0 10 10
Suspention cooler 100 - 50 i 0% 100 X Q e G
Reversal damper 12.5 2.0 2 s x x x x
Busoer cooler 43 30 - OxWPxpes - % x X X
" Glass levet cooler 32, 60 o 192x10 © e 0 o
S.T. floater 3000 . 60 1~3  180xilxps . -X @ @ &
1. A. floater 30 50 1~3  BxIPxps X ® ® @
" Neck pipe cooler 2%¢ 280 6.0 .- 188 i xpes % x P - "
" Other cooler - T .- - - ' -~ - -
Fotal Heat loss value (x 107 kcal/d) . 09 083 .- 129 1.76
e. Summary of heat balance
Table 4.30 and Figure 4.21 show the summary of heat balance.
Table 4.30 Summary of Heat Balance
- Furmace - No.l . © U No.2 o Ne.2 o "No.3 ' No.4 |
May 1996 © May 1996 16, 17 July 1996 May 1996 April 1996
R X iy xwo X0 X107 ) x 10? .
Items - : © kealid . kealfd .. kcal/d : kcal/d - keald
5 Fuel calorific value  39.35  (99.9) | 3882 (99.6): 39.10 (92.2).7 4916  (99.6) 7121 (99.8)
& Sensibleheatof fucl - 0.00  (0.0) 0.1 . (0.3} 001 (0.3} 014 (0.3 022 (03).
§ Semsiblebeatofair 003 (@) 003 (0.) 09 (05 004 (0. 009 (0D
L Totat 3938 (100.0) 3896 (100.0)  39.40 (100.0) . 49.34 (100.0) 7740 (100.0)
Effective heat forraw 667 (16.9) 790 (20.3) 872 (Q21) 702, (144 1093 (14D
material melting : _ _
" Meat loss by 1425 (36.2) 1286 (330) 1299 (330) 1620 (32.9) 25.46 (32.9)
.E’:,' Exhausl gas L _ -
B Heat loss by - 1005 (25.5)° 1404 {360) 1484 (356) 1924 (39.0) 2897 (37.4)
% Radiation from wall . SR S . : o
B eattoss laken away 019 (0.5) - 083 (2.1)- - 083 (1) 129 © (28) L7623
by cooler R : - . S :
Others o822 (209) 333 . (86) 282 (72} 549 (LD 1028 (133)
Tota! C 0 .3038°(100.0) 3896 (100.0)  39.40 (100.0)  49.34 (100.0) " 77.40 (100.0)
. Heat-recovery (REG) 1650 (41.9) © 1338 (343) 1359 (345) 1679 (34.0) 2636
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f.

Review of the heat balance result
1} Comparison of the furnaces

No. 1 furnace:

Reduction in heat radiation from the wall as a result of simple heat insulation
and improvement in the regeneration heat recovery rate as a resull of
improving the checker work are recognized. ' :

The reason why the loss represented as others is very large may be that the -
esliniation error became targe because the assumplion was made based on

the measurement data of the No. 2 furnace.

No. 1 furnace is the only one furnace that uses natural gas. The comparison

* with combustion of heavy oil cannot bé estimated from this heat balance,

but according to the: fucl mtensny in Figure 4.10, the status is
7.8 % worse.

Gas combustion 352.9 m*n/tx9,500 keal/m’y

: ke =1.078
Heavy oil co‘mbuslion 3308 1L/1x9,400 keallL ¢

This may be causcd by the difference in the emissivily of flame.

No. 2 furpace:

This furnace was measured. : Although the operation period is as long as 4.8
years, two machmes are runnmg ‘and the melting load is high. Therefﬂre

" the heat value for melling raw material as the effective heat value s 20 to

22 %, whlch 1s a sausfactory valve for a small furnace

For the No. 2 furnace, heal b‘alancc using the average vé!ue in May and heat
balance using the average of the measured values on July 16 and 17 were
calculated but there was no significant difference.

No. 3_ fi urnac'e':

-'Thc operation period is ‘J' 3 years and lhls fumace shows signs of heavy

degradation. Bronze- color sheet glass was being pmduced Due to shortage
of draft, the nichted volume was reduced, (73 % operation rate agamsi
normal operation rate MGS 150 tons/day) Heat balance was made based on
abnormal data, '
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No. 4 furnace: .

This is the largest furnace, but measurement could not be made because it
was under periodical cold repair. Therefore, heat balance was made based
on data of April of this year (9.8 years of operation). Since the No. 4
furnace showed signs of collapse, the molten glass volume is smaller, (75
% operalion ralc against normal operation MGS 230 tons/day)

"2} * Comparison with the excellent factory in Japan
® Decision of the cuirent base level
The actual data in 1994 when no periodical cold repair of the furnaces was
conducied is used to determine the present values, on which energy conservation
measures should be based, considéring that period scems most stable, For
the Japanese excellent plant the data for 1989 in Japan is used. The

average values per day for one kiln ate shown in Table 4.31..

Table 4.3t Comparison Basic Data on Ghazvin Glass and an Excellent Factory

_ Item - D " Ghazvin Gta§_s . Excé!léni
- Energy intensity Ol (klLsd) L 1 KL - 67.2
: " (kcal/kg- producl) L 5,4-47“! 2,300
Production (Ud) 89 .
Yield (%) 687 : 75

MGS@wae e 365

- (KLIMGS) C 0397 084

Note (1): cf: Tab!e 43
- {2) ef: Table 4.4, (2, 300 -5 44’?) f 5 447 % lOO AS7.8 %
- (3 MG = MGS

@ Comparison with the excellent factory
For each item that effects energy intensity, the current ‘basc value at

Ghazvin Glass is compared with that at the excellent factory and the
difference is shown in Table 4.32. ' 4
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Table 4.32 Comparison between Ghazvin and an Excellent Factory

ftem . Ghazvin Excellent ~ Remarks

Furnae¢ load

MGS (t/d) {30 214 - *1: ¢f: Table 4.35
Calculation oil (kL/d) - 523 67.5 . cf: Note (1)
Oil intensity (k1/t-MGS) 0.402 0.315 A21.6 %
Furnace scale ' : - -
MGS t/d) C 214 ' 365 . - *2: of: Figuse 4.24
-Qil intensity (kL./1) . . 0.223 : 0.188 Al5.T %
Production yield (%) : 68.7 75.0 _ . .
1/0.687 lf_O.'TSO A8 4 %
Subtotal (1-0.216) x (1 ~0.157) x (I - 0.084) — | ~—39.5 %
Insulation '
Heat loss (Mehting tank) . , - %2 off Note (2)
: (kL/d) 293 234 A 10->08 '
Calculation oii (kL/d) - 523 - 4302 Al7.8 %
chcnératér heat recovery ' ' . ' co 'Ched.er H: 43¥m-570m
_ Surface area (m?) 2,592 5617 209 M x 12.4 mim® -
. : o . 336 m* x 16.7 m¥/m’
Efficiency (%) 640 : 71.5. *3: ofr Note {3)
- 1/0.640 ' _ "IIO.'HS A0S %
Combustion control ) ' _ _
- Excess air (%) : ‘ - 25 s o Sl
: Efficieﬁcy (%) o s40 665 AEA =0.25 X (25 - 15)
' ' ' ‘ 110‘640_ o 1/0.665 _ A3S %
: Oihcrs R : - _ .
Difference of farnace year and error ete. : - S ' Ald4 %
Subtotal |, (1 =0.178) x {1 = 0.105) x (1 - 0.038) X (1 ~0.014) - | = -30.2

Tolal L (1=0395) x (1 -0302) - 1 = -57.8%

Note: Oil consuniption forn'li.ila '

0.065-MGS %(O 63+0.37-- _MGS ) Q.
MGSmax,)

y ==
: . 2 _
Q. Heat loss from melter wali
Q. =0.05 -A-MA’ '
MA" Surface area of melter wall (m?)
~ & Insulation coefficient
(ex) No insulation = : 1.0
_Simple insulation: 0.9 ~ . . 95
; -Heavy insulation : 0,76 ~ 0.82
11 Fumace efficiency :
15 83-633.-- - 0.25. EA
Ccv

CV: Heat surface area of checker (m?)
= Total checker volume in one side REG. (m’) % unit surface area of checker (m’!m’)
: Qil consumption (kL/d)
(I)QL =203 9= a2 0.640 CV =2, 592 m?
(2)Q. =234 1n=0662 MA'=S586m

(3HQ. =293 n=0715 CV=5617Tn
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@ Comparison with the result of heat balance

As an example of the excellent factory, Figure 4.22 shows the heat balance
for a sheet glass furnace in Japan (in 1977) before the encrgy conservation
measures and that after energy consetvalion measures (in 1986).

Figure 4.22 Flow of Heat Balance at Japanese Sheet Glass Furnace

- 1977 Bzfore saving energy

MGS: 388 vd
Qil: 106 X1
Olf Se.' oy .
2‘23218 hﬁ‘a[
Fuel calorific value A!Om‘}e

T 970%

L 1000%

33.0%

- REG. Recovery

1986 After saving energy -

MGS: 452vd
Oil: 72 kLAd
. Oif sep et
' 2.?;';?6 hear
-0,
 Fuel calorific value‘__l _ z’hfe&
T 910% 0y B
S 1000% : ,
REG. Recovery

:U‘ﬁb%:

~ N ; . 2%
F:}fr L )
R0

60%

Among the heat balances of Ghazvin Glass fumaccs heat autput ratio of .
the normally renning No.:2 furnace based on the measured data is very .

similar to the heat balance provided before energy conservation measures <§‘

were taken in Japan. Therefore, the above-mentioned comparison in Japan

is just applicable. '

In this section, the difference from the Sapanese excellent plant was analyéed
based on the companson of lhe data in thig section wnh the heal balance
data. : '
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Table 4.33 Comparison with Heat Balance Data

Ghazvin Glass Excellent Factoty (Japan) - Remarks
Heat Balance Formula®™  Heat Balance Formula®
Unit IF 2F 3F 4F Average 1994 FL 1977 FL1986* FL4F 19894
Melting % 17 20 14 14 16 16 24 42 35 * MGS 452 vd
Exhaustgas % 36 33 33 33 34 36 33 ' 28 2 2.6 | +5 MGS 365 1
Wallete. % 47 47 $3 53 50 43 43 000 3 :
Total % 100 100 100 100 100 100 00 00 - 100
0065xl3(}+(063+037>< '3°)x293
Note (1) y= 214 BASB0 5 3hs

0.640 _ 0.640

' -Meltmg 8.45/52.3 % 16.2 %

Wali:

25.0/52.3 = 47.8 %

“Exhauvst gas: 100 - (162 + 41. 8) =36.0 %

_ 0.065%365+Q,,

—67'2 1
0.715+0.025 k..

S 2374Q, 2374260

TTomae T o740
Melting: 23.7/67.2 =353 %

Wall;

26.0/67.2 = 38.7 %

" Exhaust gas: 100 = (35.3 + 38.7) = 26.0 %

"{2) ' Energy conservalion le'chnidqcs

a,’ Furnacc wall heat insulation

-

2)

Crown heat insulation: ‘This is the most effective porilon Heat loss is reduced -

"by approxlmately 20 % by means of one-layer heat insulation and it is rcduced

to S0 % or less by means of three- layer heat insulation. [n this regard,
however, high quality silica bricks should be used for the melting tank crown
to avoid danger.

Side-wall heat insul'alion llvu insufation should be provudcd except for the

' Jotnts of brick work. To this end, single-piece large blocks matchmg the hc:ghl '

are used so thal honzonlal joints will not be provided. "Also, it is necessary to

““use the DCL or ENC cut off the caslmg gate of the electrocast brick. Evenin -

this case, since vemca| _;omls need to be left, heat loss is not 50 much reduced

- as calculaled.
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4)

Bottom-block heat insulation: Simple heat insulation should be applied except
for the joints of brick work. Even after this measure, heat loss decreases to
about 50 %. Actually, heat loss from the joints is large. To cope with this more
effectively, it is advisable to take a laminate insulation method, which gives no
gap. In this case, however, sub-pavement is required below the pavement.

Also, il is necessary lo apply magnetic separation so as to prevent metallic
materials from conting in from the raw material batch and cullet.

Heat insulation effect: For the curreil status of Ghazvin Glass furnaces,
simple heat insulation is applied to the No. 1 furnace, but no heat insulation is
applied to the No. 2 and No. 3 fumaces (No. 4 furnace under periodic cold

Tepair).

If such simple heat insulation as for the No. ! furriace is applied to all the

furnaces, approximately 5 % energy conservation will be possible. If heat
insulation as heavy as that for the excellent factory is applicd to all furnaces,
energy consewation shown in Table 4.42 can be achieved.

b. lncreasmg lhe secondary air prehcalmg temperaturc.

l)

Makmg checker bnck work as high as p0531ble

To increase the secondary air prchcatmg lempcrature as much as pOSSIble it is
nccessary to increase the hcal recovery rate in the regenerator

For this purpose, it is 'effccti_vc to increase the heat transfer surfiice area of the
checker brick. To increase the heat transfer surface area of the checker brick,
there are two methods available: one is to make the size of the regenerator
latger (i.e. mcrcasmg lhc checker brick height), and the other is to improve the

type of checker brick work. For makmg the regenerator larger, investnent
may be relatively small for a newly installed regencrator. However, for an’
-existing regeneralof large investment is required, Therefore, every effort.
should be exerted to make checker work as high as possible in an cxlsung :

rcgcncta(or.

‘Heat lraﬁst‘er su_rf:ice atea by m'elhod of checker wo.rk'_ h

There are several mclhods avallabre for chcckcr work The heal transfer

surface area varies depending on the brick lthkﬂ(‘SS and size even lhough the -

same brickwork method is used.

And regard!css of the heat transfer surface area, the difference in thermal

conductivity due to the brick material affects the air preheating temperature.
However, either basic (magnesia) bricks or electrocast bricks have come 1o be
used in all cases recently; therefore there is no significant difference,
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Table 4.34 shows the relationship between the type of checker work and heat

transfer surface area,

“Table 4.34 eat Transfer Surface Areca of Checker

: Pigeon- - Maerz  Inter-

' Cruci- OCTEX
Name OBW  OBW Box Box Box |
hole - STV weave form . -8
: T oy gk It oy b i
Form | T TT L P O O O —-F-- Ej :
~ Thickness (mm) 76 75 57 60 44 45 45 40 40 40027
 Measure (mm) 1522 1530 141k 146 14270 140133 153 1709 140? 1409 - 1407
© Surface area (_m’!ni’j 10.2 1.8 143 - 149 168 5.1 142 167 173 200
- Ghazvin Glass G-2F _ . G2F .. GIF  AZS AZS
_3, 4, 5p _ 1, 2P {1681y (C83)
GaF ' SEPR

G4FlN2 G4 Fif2

TiM

3) . Current status of Ghazvin 'Gla'ss and estimation of the improvcmem effect

- Table 4.34 shows Ihe types of checker brick work for four furnaces of Ghazvin
~ Glass. Table 4 35 <hows evaluallon of the capablhly of the regancrator itself.

Table 435 Load of Exhaust Gas on Surfice of Chécker

- No. ] Fum‘aéc : N_o. 2 Purnace No. 3 _Fumac‘c

, , o No. 4 Furnace
_Exhausl.g'a's:ﬂow“’{m’!_h) CL 23463 23,380 29,406 46,191
©Regencrator WXL (mm)  2,246X 11092 2,800 % 13300 2,800 x 18420 4,000 x 19,000

" Checker height (mm) oam0 4350 4,350 4350

Checker volume (tﬁ’) : . 18 : 162 D224 331

Surface arca (m¥m?) and (Ratio)  16.7(1.52) 1276 (1.16) 11.8¢1.07) 11.0 (1.00)

Load (mmy - 26 144 LY 140

' 12.7

Surface area Load (m¥Ym2h) 12,9 I3 1.1

Note(l) ef: TabTe4!l

-~ As you can see from this tablc the checker bnck in the No. | furnacc is as
excellentand competilive as that with the Japanese éxcellent factory. However,

* since the regenerator was originally small, the load per heat transfer surface
area'is not so differenit from those of the other furnaces. For reference, the load
per heat transfer surface area in the excellent factory is 4 to 7 ni/m’h, which is

a half or tess than the load in the Ghazvin factory.
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2.

If the same checker work as that in No. | furnace is used and the effective
checker height is 5.4 m (f.c. the current regenerator lop is maintaincd but the
rider archis !owued), approximately § % energy conservation can be expected
for No. 2, No. 3, and No. 4 furnaces.

Reduction in the excess air volume for combustion

The niext largest energy conservation factor is reduction of the excess ait volume for

* " combustion. Since the average O, content above the checker brick in the regenerator

- measured in the No. 2 furnace is 4.18 %, approximately 25 % excess air is supposed

. to exist. Inthe Jabanese excellent factory, excess air is approximately 10 %.

For reduction in excess air, approximately 15 % should be reduced by mamtammg

“stable operation and enhancing combustion control even without major modification

such as dividing the regenerator for cach port.

Table 4.42 shows the possrble energy conservanon effect resulung from the above
energy conservauon efforts. '

- This. measure may be épplicablc_to' the furnaces other than the No. 2 furnace; .
therefore exhaust gas should be analyzed periodically to enhance control.

Other energy conservation techniques -

What we n'oliced arc that cpénings such as the peep hole on the furnace wall are not
sealed, a !arge volume of cool air comes in from the area around the burner tile, and
the man coohng blower under the potl is too strong and continuously running, - If

these many nlinor pomts ate 1mproved and maintenance and control for furndce

wall scaling are enhanced, at least | % energy conservation can be achieved,

Relation between mclting load and energy conservation

The melting load is the molten glass volume per unit area in the melting chamber. As

the melting load is higher, energy per moIlen volume is sma!!et thus leading to energy
conservation.

The mcllmg lmd varies depcndmg on lhc quality nqumd for the producl as well as on

the raw material and meltmg technigue.

a.

Current status of ;he inclling_ toad.

: -’i‘abl_e 4.36 shows the melting load of each furnace at Ghazvin Glass in normal

operation and the recent aclual result revealéd in this study, compared with the
modern technology. '
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* Table 4.36 Comgparison in Mclting Capacity and Actual Data

No. 1 Furnace No. 2 Furnace No. 3 Furnace  No. 4 Furnace
Glass product Figured Figured and Sheel ~ Sheet . Sheet
- Standard MGS by modctn technology (Vd) 143 185 129 : 223 359
Normat data (t/d) 95 110 90 150 230
Latest data (K'd) 101 121 109 E 168

-As you can see from this table, the No. 1 and No. 2 furnaces surpass the normal
‘level but the No. 3 and No. 4 furnaces are largely below that level. If il is the
'symplom of the equipment at the last stage, furnace maintenance is ‘regarded as a

problem. These furnaces are much inferior to those in the excelient ﬁclory even
without this point.

Possibility of improving the melting load

'_ What determines the current melting capacity (i.¢. melting load) is not the furnace’s
. melting capability but the machine's “pull” capability. In othér words, the furnace

temperature is 1,500 °C as the maximum and has an allowance {up to 1 580_°L

‘possible). In casc of figured glass, for increasing the forming machine’s pull

capability, 50 % speedup can be achieved through slight modification of the rolk.
Therefore, for No. 1 and No 2 furnaces, full- capaczly opcralmn is possible.

On 'the other hand, for the Cblbur_n machine used to manufaclure_ ordinary sheei
glass, an approximately 20 % ngedup:may be- achieved through Slep‘byfstep

“efforts. Although the No. 3 and No. 4 furnaces do not reach the full capacity, the
: melling capacity can be incrcaSed 10 200 tons/day and 300 tons/day, rc5pcctively.

For the float fumace (bemg planned), the puli capacity matching the furnace’s

- melting capability is possible, Hence nmpm\.'rcment of the melting load leads o

improvement of the melting tapablhty

Consideration for improving the melling capability

If the furnacé design is appr()p'riatc and operation and maintenance are properly

comrollcd the melting capabiluy may as well be satd to be influenced by the raw

© . material.

Ghazvin Glass (raditionally had used snl:ca sand obtained by crushmg quarlme
“Therefore, silica sand with proper grain size distribution could be obtained, and in
" an aclual case, the mehiing capability was largely ‘reduced. Thercfore the current

grain size distribution of silica sand was studied, and is shown in Figure 4.23.
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Figure 4.23 Grain Size Distribution of Silica Sand

IRAN Ghazvin Glass

@
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As you can see from this figure, the current status has not reached the ‘excellent
factory tevel, but grain size distribution of silica sand has been improved. Therefore,
a large reduction of the melting capability may not be expected.

Then, to stedy disparities in each raw material composition and the mixing control
“status, the disparity in product composition was studied, and it is shown in Tables

- 4.37 to 4.40. '

“Table 437 Glass Composition - 1

: 'Dalc_

: "Tfl‘iéul'atcs‘_t 20 sam?lcs {No. 1 Plant)

|

Si0, (%) ALO, (%) Fe,0,(%) CaO(%) MgO(%) Na0 (%), KO %)

7094 L 0.109 755 4391480 0.8
7101 132 o415 730 424 - 1505 018
7139 132 o010 736 438 - 1480 0.8
7094 134 . 0.108 740 440 1505 0.18
7108 132 om0 139 431 . 1505 . 018
e 13t oes 7SS 405 1505 0.18
070 126 0095 725 429 1499 0.18
700 135 0110 748 43 1491 08
7087 138 0108 157 465 - 14m 0.8
7088 120 0.128 '7'.53‘ AR 531 0.18
STy 129 0.126 765 . 437 1470 oas
C7067 139 o.12 158 455 15.05 0.18
7060 1.8 0.109 7.60 451 1522 0.18
7072 140 0.113 762 430 15.14 0.18
7073 128 a0t TS 44 1522 0.8
73 L7 0.112 7.27 433 1496 0.8
7063 121 0100 7.41 454 I5.41 020
e e oan 78 431 15.15 0.20
70,89 s :o'.n-:_z 761 .43 15.46 0.20
7132 . 136 o105 767 398 - 1522 0.2]
7097 129 LR I 749 435 . 1506 084

023 0.069 0007 0428 - 0154 . 0206 0009
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Table 4.38 Glass Composition - 2

ALO, (%)  Fe,0,(%)  Cal (%)

'~ Date Si0, (%) MgO (%) Na0(%  K,0 (%)
71 1.38 0.100 6.96 4.25 14.88 018

7181 1.37 0.100 7.02 4,01 15.05 0.18

71.70 1.37 0.1 2.31 4.26 14.66 0.18

71.84 1.40 0.110 6.99 415 1479 0.18

7176 LAl 0113 6.97 428 14.80° 0.18

71.89 1.39 0.110 711 403 14.79 0.18

= 7171 139 0111 7.13 424 1473 018
f? 7.5 139 ail0 708 4.23 1477 0.8
:;2 32 140, 0.116 7.36 a19 1499 0.12
8 ST 134 0,108 726 423 15.05 0.21
§ 7186 1330308 7.03 430 1470 0.18
s 71.20 138 0308 7.41 421 1505 0.8
,; : 1_1.73 146 0.093 731 435 1453 0.18
& 71.32 134 0096 731 430 1496 0.8
71.21 140 0.097 7.37 4.30 14.96 - 0.18

71.50- 1.36 0.101 6.82 431 1522 0.18

7111 134 0056 697 4.38 1541020

7158 1.36 0098 7.04 408 15.15 0.20

7134 1.36 0.096 - 7.21 4251520 _0.20
7175 1.46 0.107 7.20 419 1496 021

x 71,58 38 0104 713 423 1492 0.86
o 0.25 0.034 0006 0.16 0096 021 0011
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“Table 439 Glass Composition - 3

Date Si0, (%)  ALO, (%) Fe,0,(%) CaO(%) MgO (%) - Na0(%) KO (%)
71.69 1.39 0.150 7.05 4.03 15.05 0.18
71.71 .41 0.15) 7.03 423 1479 0.18
71.62 1400156 7.23 423 14.66 048
7178 141 10,149 7.03 4.16 1479 0.18
' 71.62 1.40 L0.170 711 439 14.63 0.18
' 71.84 1.42 o1st 702 410 Coae 018
2 7140 140 0146 707 432 1499 . 018
-~ 71.59 1.40 0.150 - 1.08 4.32 - 14.80 018
f{i 69 - 140 0,152 7.07 423 1477 0.18
k| M6z 137 10,149 747 420 1479 0.21
§  na 1.39 0160 - 7.00 434 1496 0.18
§ 7030 139 0.146 743 4.02 15.05 08
& 7150 135 0.158 7.35 427 14.70 0.8
& um 135 0.145 703 4.28 14.79 0.18
7134 1.46 '0_;|'54' 21 -_ 4.25 14.88 0.18
nas 1.39 0.153 723 42 14.92 0.18
7188 136 0,147 6.84 4.40 14.70 0.18
EIR 136 0.143 684 407 15.34 0.20
| 9146 132 0.144 698 420 15.20 0.24
71.83 146 0.157 7.07 4.15 14.96 0.2
x 71.60 1.39. .51 7.07 423 14.87 0.187
a. 037 0033 0.006 614 010 0.177 0.015
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Table 4.40 Glass Composition - 4

Date 5iQ, (%) ALO (%) Fe,0, (%) Ca0 (%) MgO (%) Nz,0 (%) K.G (%)

71.92 1.39 0.101 6.18 4,27 14.80 0.18
71.87 1.49 0.099 7.10 428 14.53 0.18
71.97 ‘138 0.102 6.89 4.16 14.53 0.18
71.91 138 0109 707 - 420 1453 0.18
7195 136 0.098 7.24 386 1455 0.18

- 72.04 b4l 0021 6.83 421 1464 018
2 72,01 35 o2l $7.09 405 1453 0.18
§ 7164 140 0.112 7.06 4 1488 0.18
g 46 147 0.128 721 449 14,46 0.18
KR 72,07 1.40 0.112 6.97 4,19 14,50 0.18
& 7207 138 00% 6.91 444 . 1438 0.18
% | 7200 132 0000 676 430 1453 048
& 204 142 0000 705 407 1433 ous
& 72.04 1.5) C0a02 690 413 1464 - 08
L6 136 0101 705 407 1505 . 018
7188 . 139 (}.loe 690 417 1480 o 0a8

786 139 0097 - 7a2 . 419 :._1.4.66_ o 0s

A0 140 0107 698 408 1505 . o018
7216 . 139 el 700 . 412 1453 048 -
M44 139 0.109 719 . 430 (490 018
x 71.90 1.40 0.106  7.03 419 1465 o018
o 022 0.044 0000 043 0.14 0.9 0

-'The data in this table are values analyzed cvery three days, where the disparity is S
to 10 times larger than the excellent factory, which may be due to the malterial
control, though also the number of sample and anélytical_ precision seem to pose
problems. . ' co

{4y  Relation between scale merit and ¢nergy conservaion
As the size of a furnace is larger, the moltea glass amount per unit area increases.

Increasing of the molten amount reduces the energy consumption per molten amount,
leading to energy conservation,
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A large amount of investment s required for making a furnace larger, that is, mlcgmtmg
small furnacés into larger ones, which may scem difficult.” However, as shown in
expericnces of Japancse glass factories, atong with the intraduction of the epoch-
making forming method called “Floating Process”, the number of furnaces which can
produce the same guantily of product decreased from 29 to 17 during the period of ten
years fsom 1973, In other words, the molten amount of average 250 t/d per furnace
increased to not less than 400 ¢/d. This leads to a 15 % decrease in energy intensity,

As a factor of melting furnace size, standard molten amount is plotted on the horizontal
axis, while heavy oil intensily per molten amount is plotted on the vertical axis. Asa
result, an approximately straight line relationship between these can be obtained on the

- logarithmic scale. This relationship is shown in Figure 4.24, whére the current situation

of Ghazvin Glass is plotted.

Figure 4.24 Relationship between Intensity of Heavy Oil and Size of Melting Furnace in Sheet Glass

— = O KLMGS vd)
i s o oo

1.0

) - 1 . . i ]

0.1 ; : = ‘ g - - - -
. 4 5 AL 0 30 40 50 100 . 200 300 400 500 1,000
% MGS (Vd) - ' L
Note: Table 46 : Table 4.36 “Vigure 4.16,4.17, 4.18
No.l ¥ RevQil 420kUd MGS 101 vd - Capacity 143 vd max Temperature 1,508 °C
No2F RevOil 39.0ki40 ~ MGS 121 vd © Capacity 129 v/d S 1,505°C
No3F  RevQil 47.6kiid  MGS 109 vd  Capacity 223 vd IR Kt
“No4F  RevOil 702X/ - MGS 168 vd - Capacity 359 ¢/d 1,490 °C

WX mark: When melting was performed with a full eapacity of the melting furnace without _

< 2ny regard o the timitation dueé to the speed of the forming maching,

The full capacuy presumed fine in th|s fngure is an imaglnary lmc based on the :

presumption of full-capacity operation. This was calculated based on the assumption
that heavy oil consumption per t'd MGS is 0.065 kad and heavy oil consumpuon for
every 10 °C of melling temperature changes by 2 % (with the referencc temperature as
1,580 °C). |

—283—



()

* Presently in b R. Iran, they are behind other countries in switching to the floating

process, and to our understanding the first futnace of this type is currently being
planned.

In the example of Ghazvin Glass, if the new float process furnace (S00 tons/day) being
planned is installed, the No. 4 furnace can be modified into a two-machine figured glass
plant. Production can be increased by 60 % even though the No. 1, No. 2, and No. 3
furnaces are out of service; therefore a large amount of energy conservation can be
expected.

Relation between improvement of yield and energy conservation

Energy conservation is finally evaluated in terms of energy intensity per product,
Therefore, improvement of the yield results in energy conservation,

Yield is,ina narrow sense, the product volumig against the pull-up quantity, whileina
- broad sense, it includes the operation rate, loss caused by accideiits, etc. In IhlS report,
"ylcld refcrs to that in a broad sense,

‘Figure 4.6 shows lhe encigy mtensny (including electric power) per product basedon -
‘ annual data. It can be found that dispersion among fiscal years is very large '

Thc cause for this dispersion remains unknown even though the year of periodic cold
répair is excluded. Perhaps, it may be due to unstable opeﬂuon and a w:de dispersion
in yield unevenness. o

Unfor('unalely. since aénhu'al dala does not provi-de'dala of the molten glass (MG), the -
~yield is unknown, On the olher hangd, data of the average valucs in the last 'one month
shown in Table 4.6 indicates that the average of those for four furnaces is 68.7 %, which
is Fairly good Indmdually. the furnace producmg figured glass is very good while the

furnace producmg ordinary sheet glass, particularly No. 3 furnace, is bad. Since this
yield varies depending on the required quality, comparison with the excellent factory is
difficult, but the yield may be improved to at least 75 %.

If the yicld is improved to 75 %, it corresponds to 5.8 % energy conservalion according
to our calculation, - ' ' ‘ o

Table 4.6, however, reveals that much cullet in stock is used in addition to the cullet

genefated. Tt means that energy conservation as a result of improving the yield has been

achieved already. Therefore, improving the yield to 75 % will ot always lead to energy

-+ conservation if this data is used as a basis.
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(6)  Power receiving/distributing facility
~a. Power receiving»‘dislribuling facility

Via four transformers, 400 V is supplied from two 20 kV lines to four lines and the
raw niaterial planl. On the other hand, 400 V power gencraled by cleven diesel
power generators is supplied to the most important equipment in the factory.

b. Measurément result

Details on measurénjent are as_ follows. For the No. 4 plant, measurement was
impossible because it was out of service. ' :

1) Power received by the factory
2) Power generated by diesel generators
3) Power generated by diesel generators and purchased power for No. 1 plant
4) Power generaled by diesel generators and purchased power for No. 2 plant
5y Power generaled by diesel generators and purchased power for No. 3 plant
6) Power consumed by the No. 1 and No. 4 air COmPpIessors

) Clly power's voltage/current fluctuation

: Ta’b_le‘ 4.41 shows the meaéurem_cnl'r’esinlt.
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Table 4.41 Measurement Result of Consumption

1996-7-10, 17

Measurement , Power Consumption Volt  Rating
Ling Remark
ltems Power (kW) Cosd (%) (V) Power (kW)
Source
~ A line DG 340 81 418 B48 + 736 1 x 736 kW operating
B line DG 334 85 421 736 x4 1 x 736 kW operating
DG total 724 83 4,528
 City power ' CcPl 559 80 382
' S CP2 249 84 392
cP4 238 89.4 392 - CP3: Non operaling
CP total © 1,046 83.1 2,500 Contracl .
Source Total 1,770 83.0 700 - @
Load _ . .
- Furnace No.' ] DG I 15 - 406 205
' Furnace N_o. 5 PCP __22] - 78 - 376
~Futnace No. 2 - DG 139 - 75 407 185
Furnace No, 2 IR ¥ ¢ 138 - 85 . 384 _
_Compressor#l - DG 129 - 77 .4l 150"
Compressor #4 ' Ccp 123 8l 390 150.
Furnace No. 3 DG 223 . 89 401 I o
-Furnace No. 3 PG. . 83 - .76 403 1 {Fan No, 7 including Upped)
Furnace No. 3 cp 170 . 83 317 R -
Furnace No. 3 cp 7.7 77 374 “ 11 {FanNo: 6 including Upper) |
Furnace No. 4° DG B . 454 - stop . . %
Furnace No. 4 CP o 4T o g A
Raw materials CPabout SO0kW 180
Total DG: 619 |
Cce: 1,152
Factory Total (NI

Note: GP:" Diesel generator power (most important), CP: City power (important).
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C.

Discussion on the measusement resuli

)]

Power vsed by the factory

For electric encrgy used in 1995, power generated (DG} is 10,562 MWh and
power purchased is 11,212 MWh (totally 21,776 MWh). Therefore, the ratio
between both is close to 1:1. When measurement was conducted, the No. 4
plant was out of service; therefore power generated (DG) was 619 kW and
power purchaScd was 1,162 kW (totally 1,771 kW), which are'small,” Since
power used by the No. 4 plant was apprommatcly 1,000 kW according to the
past record, these mcasured values are reasonable,

Factory staff are not allowedio check the purchased power ricter for transaclions,
and the used amount is checked irregular!y during one to six months. To
measure the used amount, it is necessary to mstall the watl-hour meter {o
c!anfy the power purchased évery month.

Although power con!racted to be supplied by purchased power is determined to
be 2,500 kW (Demand: 2,250 kW), which corresponds to the total used
amount, Therefore, lhlS mnlracl is too large. '

j Poss:bly, purchased power should be changed into the high-ténsion power'

receiving mode with fewer power failures or the contiacted amount of city
power should be reduced. ‘Against high power charge (1.6 llmes) during peak

- hours, in-house generated power should be positively used for demand control.

.‘:2)

3)

In¢reasing the output from the private power generating palnt (DG)

Since this factory is at a high location over the sea level, high-load operation

“of the DG is difficult. Normally, the diesel engine reduces its output when air

density is lower. The degree of output reduction is said to be approximately 10

: %_whén the altitude is 1,300 m. To cope with this problem, ventilation of room

should be maintained, the air temperature should be low, and air should be
supplied by a supercharger as required. For this improvement, consultation

 with the manufacturer is recommeénded. ‘As a 1esult; power generated by the
DG can be increased and power generalion can be made more efficient,

- Additionally, heat held by the engine cooling water should be utilized efficiently.

Power supply three-phase unbatance
On the panel in the DG room, voltage and current in the purchased power -

circuit were measured and recorded. Figure 4.25 shows the result. Also, the
single-phase load in the factory was checked.
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Volt (V), Current (A)

1607

Figure 4,25 Yoltage and Curreat of City Power
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As aresult, it wésf found that currehtfis’ unba!an'_cé,d and wire current variation
tendency is identical although the supply vollage is well-balanced. The cause

“of this unbalanice may be load consiection in the factory.

For example, the cléclréde toad (25 kVA X 2) for the proceés No. 2 furﬁacé is’
considered to be one of the major causes and other single-phase loads are also
considered. Therefore, for a capacity with a large eléctrode load, connection

-.should be changed so that three phases will be b"ﬁanced or three phases should

be balanced by using a special lransformer

.'The present electrode load was oniy connec!ed with lhe purchased power used

for process No. 2. If the load is also used for the process No. 3 and No. 4 DG
circuits, unb_alan_cc among three phases may possibly occur.

~ Consequently, voltage unbalance in the load circuit will result, affecting motor
.. performance, Curreat unbalance on the motor may result in torque reduction
. and overheating, and someltimes, vibration, and neise. Thus, it is imporiant to

balance three phases.,
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4} Measures on air compressors

Air compressors in use were water-cooling reciprocating type (150 kW) and
two of four compressers were in service. The air pressure was 5.2 kg/em? (G)
and the compressors were being used for combustion and machine operation.

As a result of study, the fo!lowing measutes are required:

© First, air leakage was found on the reducuon valve fixing parl at the site.

This problem may exist elsewhere; therefore i itis necessary to check for air

- leakage on a regular basis to stop it at an earlier stage. Second, since the
cooling waler inlet temperature is as high as 45 °C, it is necessary to reduce

‘Conclusion

the cooling water temperature as much as possible.

As an effect, power used is reduced by 2 to 3 % if the cooling water
temperature is 5 °C lower. Actions againsl air leakage nermally reduces
power used by 6 to 10 % although this reduction depends on the degree of

- airleakage. Therefore, totally 10 % reduction can be expected and approximately

216,720 kWh (= 252 kW x 0.1 x 8,600 h/y) can be reduced annually.

Note: Cooling water is mainty used (o cool the cylinder of DG.

" Energy conservation meastres are divided into three phases. Table 4,42 summarizes
1he measures, expected effects, presumed investment, ete.

.~ This table also takes into account the relationship with the actual periodic cold repair

time. Kf start of the ﬂoat furnace md:calcd in the lhud phase is earlier, large correction

- is reqmred
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. ..(Japar_lesc Yen base)

Table 4.42 Summary of Proposals

Expected Saving
* Fucl Eleciricity Tatal Investment FPayback
hern . Millien = Million  'Pericd
) : Million ., Million on . Year -
| KLy yenly % MWRY oy % Yy yen car
Figured machine a0 321.0 10003
speed increase 50 % . o i i
Excess air 25 % told % S2863% 0 48T gw .- 48.7. 19 0.2
Sheet machine 1234 - 11234 10 - 001
speed Increase 20 5% S ) ' B C
Ne.2,3 & 4 furnace 1655 672 N Al - 672 . S0 0.7
light insulation : ] R : S
No. 1,2,3 & 4 furnace 8, l36" 1383 (0.8 S 138.3 600 43
heavy insufation ) '
Production yield improvement 4 728 ' 804 63 _ S804 . -0 O
Checker height increase 7 9]0" 1345 . 105+ - . 134.5 200 1.5 .
Compresscd air leakage stop - : 7 2.2 0.9+ 2.2 0 0
Floar plant construction . = . : {161}
No. 4 fumace improvement (62 196)“‘ (1.057.3) (82,57 {1,057.3) In the fuivre %
" No. 1,2 & 3 machine stop ] i : ) X
Totat $ 27,592 I,9t._l.5 Codse 27 - 22 09 19157 . 970 0.5
(Iran Rial base) o
Expecied Saving ) .
. Fuel : E!cétricitj T Total lnves@enl Payback
ftem " o — Miltlion Milion  Period
F.oil ilion - Miltion- iall ; Y
iy  Rially % MWIY.  piatry %  Rily Rl e
Figuied machine 58189 - 5618 1,750 03
speed increase 50 % )
Excéss air 25 b w5 & - 2,863+ 215 330 - 25 175 08
Sheet machine 12,660+* -o- 19,650 175 LEV
speed increase 20 % ) .
No.2, 3 & 4 furnace 3,955 297 5. - 297 875 29
Tight insulation
No. 1,2, 3 & 4 fumace (8,338 (610) {10.8)*" - (610} {10,500y {17.2)
heavy insulation . L : .
. Production yield impeovement 4,728 355 6.3 ass 0 0
Checker height increase 7,910 593 1051 - 593 3,500 59
Compresscd aif teakage stop - ik 22 0g 22 "0 .0 .
“loat plant construciion — . (63.8) ;};}
No, 4 furnace improvemant - (62,1963 {4,669) {825 {4,665y  12972,500)  1nthe future i
No. 1, 2 & 3 machine stop
Total 19,456 26,7238 258 ar 2.2 09 26,760 6,415 0.2

Remarks: The items o be implemcnted in the future are ot incfuded in the total column.
1 51.6x 4% 365 x0038 = 2863 kliy
*2 516 x A x 365 X 0.07 = 3,955 kLiy

*3 516 % 4% 365x%0.108 « 8,136 kLiy

4 51.4x4%365%(0,75-0687) =

4728 kLiy

*5 5l 63(4:-(365:&0105-7910&14’

& (500 + 300) x (0.397 - 0.184) x %65 62,195 kLiy
*7° Meritby producuon increase: ({143 -
13 Merit by production increasé: ({200 - 109} + (300 -

101) + (143 -~

9 2263775390 x100=38%

*10

2
3
14
Encrgy price in Japan:
Fuel oil piice:
Electricity price:

3,955 /75,390 % 100~ 5.2 %
*11 8,136 /75,390 x 100

7.910 775,390 % 100 -
62,196 1 75,390 x 100 =82.5 %
217/ 23,000 % 100 =09 %

108 %
10.5 %

17,000 yen/kL
10 yen/kWh

Energy price on Iran Rial base:

Fuel oil:

Electricity:
Exchange rate:
Calorific value of foel:

75 RiakL

100 Rial/’kWh
{,750 Ria) = | US Dollar » J00 Japanese 'l'en
0il: 9,000 keaVklL

Investment cost is based on that in fapan.
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5.

RESULTS OF THE STUDY ON THE TEXTILE INDUSTRY

5.1 - Resulls of the Study at Polyacryl Iran Company

5.1.%

Outline of the Plant

e}

(2}

3

(4)

(5)

)

Plant name

Polyacryl Iran Company
Address

45 km ﬁéfahan Mobarake Rd.

Number of entployces

2,924

Major producis

" Polyester fiber, polyester filame!m, polyster tops, ac‘rylic fiber and acrylic tops
Production cap’acil'y_ ’

 Polyester fiber 30,800

Polyester filament 21,880 ] 54,880 vy

Polyester tops .~ 2,200

Acrylic fiber . 23,500 ) .
40,020 vy

Acrylictops 16,520

Production process

- Figure 5.1.1 shows the production flow df polycsier:ahd acrylic products.
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“This polyester and acrylic product manofacturing plant introduced the world’s newest
and highest-level technologies such as continuous polymerization and the POY system
in the polyester spinning process and started operation in 1978. At the poini of this
study, approximately 20 years later, operation with the world's highest-level facilities
is still maintained.

Acrylonitrite (AN) as the raw material for acrylic fiber is 100 % imported, while DMT '
and EG as raw materials for polyester are those domestically produced. . -

Methanol cxtracted from {the polyester poiymeuzauon process is returned to anothcr
company in the factory prem:scs and supplied again as DMT.

- The polyester and acrylic product manufacturing processes are oulline‘d‘bclow.

a. Polyester

1y

2).

3

Polymerization process .

* This process consists of the first stage that produces terephlhalale (BHET)
+ from refined dimethy!- tercphlhalale (DMT) and cthylene-glycol (EG) and thc
" second stage that preduces polymcr by removmg l:G

BHE’I‘ is produced wlnie melhanol is bemg distllled ‘After all of methanot is
* distilled, thé polymerization calalysl and stabilizer are added to BHET and
~heating at vacuum of 2 Torr is applied. - As’ a result, EG is discharged and

condensation polynerization is pcrformed producing poly ethylene tereph!haiate
(PET) :

Spinning prdc_ess
Molten polymer of a lempcrature of approxnma(ely 280 °C is fed by the
extruder to the spmmng head in lhe spinning process directly connected to the

polymerization process.

Molten polymer is pushed out of the fine holes of the spinneret. The mollen

“ polymer is then uniformly cooled and hardcned with cool air at 21 °C by the

cooling cylinder, named the quencher. “The number of fire holes of the
spinneret is 20 to 34 fo:r fila_menl ancl 1,000 to 2,000 for staple.

Drawing and post-processin g p’rbcesses
The yarn wisp drawn and sel by the cooling cylmder is wound onto a cheese

(40 kg/piece) in a semi-drawn state. Then, the yarn is drawn and false twisted
as the filament yarn (POY system).
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On the other hand, for staple, the cooled and set yarn wisps are bundled
together into a tow shape and crimped by the winding and crimping machine.
Then it is subjected to heat treatmcnt and is cul info the specified length as the
staple fiber.

d) Characteristics in the use of energy

@ Polymerization process

_ Steam (10 kgfem? (G); 175 °C) i$ used to heal the reactor Jackcl and drive
the ejector.,

" ‘The heat med:um (320°C, 4 kgicm2 (G)) isused as llqu1d phase heating for
the No.1 to No.3 reactor Jackcts

@ Spinnihg PIoCess
To heat the spinnin.g tead (290 °C}, the heat medium in gaséOus phase is
used. Cool air for quenching is temperature- conlroilcd by the chlller water

al 16 °C lhmughout the scasons.

: ® Posl-p;occssing procéss

For heating during drawing and falée wisting, electric heat is used as the |

- heating source. .
~ Steamt i is used for 1hermal clongallon washmg. and drymg of the staple

‘® DMT recovery equipmem

Melhanol exlracted fromthe ﬁrsl reactor for polymcnzanon (ester rep,acemcm)

~is fed to the DMT recovery equipment of another company in the sanie

prémises, and then supplled again as DMT,
Energy usc’d herc is placed in a separate account.
b. Polyacryl

- 1) Polymerization process

~ ‘Acrylonitryle (AN} as the major raw material for acryl fibers is blended with

- copolymer, forming a monomer. This monomer is continuously supplied to the
- polymerization reactor along with the catalyst separately adjusted and water as
- the polymerization medium.

~294 -



In the reactor, the constant temperature and pH are maintained by stirring.
Slurry generated with the progress of polymesization is continuously taken
out. After filtering by No.1 and No.2 filters, washing and dchydrating, the
slurry is fed out of the extruder, The polymer is then dried by the hot air dryer,
and then stored in the polymer slorage tank.

" The filtrate containing the unreacted monomer, coming out of the filtering and
rinsing processes, is recycled by the monomer recovery equipment.

Stock solution process.

" In. this process polymer is dissolved in solvent and .adju'st'cd to unifornty

3

4y

- concentrated solution as the original liquid for spinning. DMF is uscd as the
. organic so'lvent. R

In the stock solution process, Ihe polymer and soIvem are measurc.d continuously
and suppl:ed to the melter.

‘In this process degassing is performcd ‘and non- dlssolved substanccs and
~foreign matters are removed. Then the stock solulion is fed to the spinning
" process. ' | ' ' '

Spinning process : |

=Pcoiyme:r solution pressunzed by the polymer feedmg booster puinip is supphed
. toecach spmmng head by the mclermg pump

In the spinning spool the splnmng almosphere is kept by the N, gas heated to

400 °C as inert gas.

The organic solvent gas is exitacted fram the end of the spool and fed to the

© solvent recovery equipment.

‘Alse, the N, gas is extracted from the bottom, and is heated again and recycled
to the spool after having DMF cooled and extracted by the recycling equipment.

Post-processing and 'ﬁnishing 'pr'oc'es'scs _

' Yam wisps from spinning nozzles are_bu‘ijdl'ed logether into a rope and stored

in the can. Then, the rope is heated and washed by the drawing machine. After
removal of the residual solvent, the rope is drawn, heat-treated, dried, cmnped
and lhcn divided into the staple process and top lines.

In the staple line, lhc s!ap!c is cut into a specnﬁed size, dned and lhen

unraveled into staple fibers.
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On the other hand, in the top line, the rope is dried and taken up into a drum as
the top.

5)  Characteristics of energy use
@® Polymerization process
The stirring machine's power for the reactor is as large as 380 kW, Asthe
heating source for monomer reaction (60 °C), hot water is supplied to the
jackel,

@ Stock solution process

Electeic power is used to 'stir for dope adjustment and the transfer, while
steam is used as the heating source.

@ Spinning proccés

- Steam and electric heat (900 kW) are available as the heating sources for
the N, gas of 400 °C 1o be supplied to the spool. A mgmﬁcanlly large

amount of electric power is required for coohng to extract the DMF vapor. '

in the N, gas and for coolmg and lransfer of the chllicr coolmg water.

@ Posl-proce'ssing'and ﬁnishing'pr0c¢sses'

top.

® Solvcn( recove‘ry equipmenl(

A Iargc amount of steam is used as lhe heating and evaporatmg heal source :

for recovermg the solvent DMF,
History of this plant

This plant was founded by Bank of lndustry and Mmcs in 1974 and slaned operation in
1978 Bank Shau AT va Madon funds 66 %, lhnk Melli lran funds 26 %, and other

' banks fund the fest.

The p',roc.e.ss IicenSor, Du Poni, of fers engineekin g, while Brown & Root is the constructor.

In 199'% Chemitex and Mitsubishi added two lines of POY, and consequemly. polyesier

- production was increased by 30 %.

Presently, further addilion of one-line POY is being planned.
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Polyester and acrylic fibers are solely produced by this company, which supplies 60 %
of domestic consumption, There are two other synthetic fiber factories, which produce
Nylen 6.
{8) Plant layout
* Figure 5.1.2 shows the layout of this plant.
(9)  One linc diagram
Figure 5.1.3 gives the one line diagram,
(10) - Qutline of main equipment

Table 5.1.1 outlines the utility and produblion facilitics.
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‘Figure 5.13 One Line Diagram
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Table 5.1.1 Main Equipment

Factory Equipment Number Specification
© Uilities Gas turbine 2 10 MW
Waste heat boiler 2 539 ¢h x 17 kg/em®220 °C
Yire tube boiler 1 15 th x 15 kgfem?
Water tube boiler 1 60 th x 16 kg/em?
Dowtherm vaporizer 4 30 th X 230 ~ 240 °C
Air compressor -3 - 1,100 kg, 2,500 m*y/h centrifugal
' 5 125 kg, 1,200 CFM reciprocating
| Nitrogen gencrator 2 900 m’/h
“Chiller unit 3 " 900 RT
- ‘Deep well Sl 220 m¥h
Water treatment i Filter + Waler softener
Waste water treatment 1 Active sludge system
Polyester ~ Productive capacity 1 54,8"807Uy (Filament & Staple)
‘ Dissolution tank 1 750 m?* for DMT
" Esterification | * Continuous tray tower
Polymefizalion 1 ' C_ominuous_
Finisher I Horizontal tube bar :
" Extruder 2 t % Fitament/ 1 x staple
Spinning unit 5 1xudy/4xPOY
Take up 4. For F_ilaméh'l
- Draw off 1 For staple
Drawing . - For staple
Draw twister 1 : For filament
Crimper 1 .. For étap!e' _
Recovery cquipment - 2 1% BG /1 x methanol
Acry) Productive capacity 1 40,020 Uy (Staple & Tops)
Polymerizer I Continuous system 65.3 Vd
Ist filter 1 Drom type vacuum :
2nd filter Il Drom type vacuum
Extruder 1 50 kg with dryér
Crusher S ' o
Dope preparation unit S I : ,
Spinnig £S5 14 positions
Draw machine f 1 With washings
Crimper 1 '
o Culter - 1 For staple
Staple dryer -1 For staple
"Tow diyer } For tops
DMF recovery unit 1
Inert gas recycle unit 1 N,
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{11) Encrgy prices
Energy prices for the fiscal year 1996 are shown below:

Electric power (purchased): Demand charge 3,200 RialkW

Energy charge 38 Rial/kWh
Seasonal charge 7.6 Rial/kWh
. _ Time on charge - 30.4 Ria/kWh
Natwgralgas - @ 23.5 Rial/m?

- (12) Study period
a. Preliminary study: Oél;)belr 1, 1995
b, Plenary study  : Augusl 3 through 7, 1996 :
(13} Menibers of the study tcam. | |
a.  JICA team | |

‘Leader : S - '+ Norio Fukushima

Process management 'lc'chno'!.ogy Bt Takaéhige Tanigachi
Heat management technology @ Jiro Konishi
. Heat managenient techinology - Shiro Honda

Electricity management technology:: Kaziio Us,ui

b. - PBO team

Energy consérvation - ¢ Mr. Mazhari
‘Micio tevel energy management: Mr. Mianji
Factory management -1 M. Sajadifar

: _!n_slruhlcmalion - .. Mi. Shayesteh {Preliminary study)
Ministry of Industry : M. Parsi (Preliminary study)
Behshahr Industry Co. : Mr. Alavizadeh (Preliminary study)

(14) Interviewees
"a. " Preliminary s_ludSl "

~ Mr, Sobhani ¢ Blectricat Enginéer

- Mr:Azimi  : Power Supervisor ‘
‘Mr. Koohi  : Electrical Engineer, Power Preparation

Mr. Najafzadeh : Process Engineer, Polyester Plant
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b. Plenary study

Mr.
Mr.
Mr.
Mr,
Mr,
Mr.

Ghazai

Saidi
Torabian
Joobandi
Mardani

: Engineering Section Director
Shikhbahai:
: Engineer of Polyester Section

: Operation Engincer Power Plant Section

: Sentor Operating Engineer of Polyester Seclion
: Operation Engincer, Pawer Plant Section

Manager of Waste Water Treatment

§5.1.2 Encrgy Consmnption Status

(1) Trends of production amount, energy consumption and energy intensities

a. " Production amount

Table 5.1.2 shows the trend of the production amount iﬁ 1992 through 1995. @ :

- “The top pmduc(mn amount is indicated by dividing the sum of polyesler and acryl
' -accordmg to the past producuon ratio, :

As compared with the pmducli_on capacily; the production amount in 1995 is 102 %
for polye.ster and 60 % for acryl._ ' :

For the acryhc production amoum producuon vanauon occurs due to exlemal
Factors such as procuremenl of raw matenals
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Table 5.1.2 Produclion

Name of Product 1992 1993 1994 1995 Note
Polyester  (f +s) 1 43,204 50,210 49,024 54,994 s staple
{tops) 597 1,278 1,214 937 f: fiber

Sub-total 43,801 51,488 30,238 55,931

Acryl {s) 1 18,129 '17.568: 16158 19,275

(tops) -9,353' ' 7.848 - 6,880 ' 5,307

Sub-total 2,482 25216 23038 24,582

Grand total t 71,283 176,703 73,216 80,513

Transition - 100.0 % 112.9 %

C1076%  1028%

" Note: The production of tops was based on the assumption of the following ratio:

Pmduclibd of tops (¢}
Share: 'polyeslcf

© ot oacryl

b, Energy consumption’

C 9950
1006
0.94

9,125 - 8,094
014 OIS
0.86 . 085

6,244

0.15
0.85

. Table 5.1.3 shows energy consumption in each year of 1992 through 1995,

v Table's.l.f&' 'Enér'gy Consumption

| 1992 1993 1994 1995 Note

. Domestic MWh o 118,504
Electricity -~ Purchased MWh : 3,446
Total MWh 108,709 122,187 106,912 122,040

Natural gas 1,000 m* - 46,288 70,612 74,_535 _ 83,362 9,200 kcab/m?

Dieseloil . . . . kL .. 286 273 200 484 8,616 keal/l,
Steam 428,123 413806 391,019 427,812
v 2700 . 2,760 2,750

- Wellwater ' IOOO m*

2,700 -

Consumption of natural gas has sharply increased since 1993 and is still increasing.
The reason is the increase in the ratio of in-house powes generation using gas

‘turbines.

¢ Utlity facility power consumption

Table 5.1.4 shows the electric power consumption and ratio in 1995 for cach
equipment’s purpose of use.
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Table 5.1.4 Power Consumption Ratio

Item ‘Consumption (MWh) Ratio (%) Remarks

Polyester 34,979 28.66
‘Actyl 28,821 23.62
Subtotal 63,800 52.28
GT-auxiliary 657 0.54
- Steam boiler 1,251 1.03
 Heat media boiler 748 0.61
Air-conmpressor © 16,979 ' 13.9]
Nitogen 377 0.31
Chiller 9,318 7.64
Water treatment _ "1,470 6.12
- Wasle water {reatment ' 4,892 4.01
- Subtotat ' - 41,691 34.16
" Grand total 105,492 , - 86.44 _ _
Misceltancous 16,548 - .. 1356 for insufficient data
Supply power : 122,040 S - 100,00 ' _Supplied power

The entire prodirclion: process consumed 53 % of the supply power, \vhiie'uii!ity

“facilities consumed 34 %. Among the utility facilities, the consumption ratio of air’
- compressors is high, then fol!owed by that of chillers and supplyiwasle water

facilities.

The dlfferencc between the suppiy power amount and the actual consumplion is
more than 13 %; therefore ll is necessary 10 zdenufy what facnluy consumnies lhc-
' dlfference

All of these are miporlant lhemes to be’ sludied for specnflc energy conservauon

actions.

Table 5.1.5 shows the pawer generation status of the gas turbine power generation

facility at the point of this study {August $ through 6, 1996). The total load in the .

factory is 12.8 MW as an average on a 24-hour basis’ and its variation width is

: between 12.5 MW and 13 MW

.- The power factor is 0.8 on avcrage and its variation width is between 0.79 and 0.81,
- which is approximately ¢onstant,-

"The pchr balasice al the point of this study is estimated as shown in Table 5.1.6.
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Table 5.1.5 Power Generation by Gas Turbine Power Generation Facility

379

Gas lurbine No. | Gas tusbine No. 2 Total
kW p. L kW p-f. kW p.f.
Average 0,468 ¢.800 6,356 0.791 12,824 ' 0.796
Maximum 6,567 | 0.823 6,625 0.803 13,043 0.809
Minimum - 6,409 0,781 5,934 0.770 12,501 0,786
Table 5.1.6 Power Balance
~ Supply (kW) Démand (kW) {Ratio %)
Gas turbine No. | 6,470 . Polyester 5,230 (41
- Gas lurbine No, 2 6,360 - Acryl . 2,960 (23
" Compressor & Chi:H_cr 2,410 (%)
Water treatment 1,070 (8
“Power house -530 {4)
: "Others. 630 )y
“Total 12,830 fotal 12830 (100)
(2)  Trend of cne.rg':y_inlen‘sity j_
" a.- Energy intensy e
- Calculation of encfgy intensity is bafs’é'd on 'the's',_um of polyeSlér and ;’\crylic”ﬁbcr‘s
- produced in consideration of the consistency with the total production aniount.
Table 5.1.7 shows the energy interisity in each year of 1992 through 1995,
" “Table 5.1.7 Energy Intensity
1992 1993 1994 1995
Power KWt CLs2s 1,593 1,459 1,516
© Natwral gas myt . 649 921" 1,017 1,035
© Diese! oil e oo 40 .36 2.7 6.0
© Steam v 60 5.4 53 53
‘Well water ©m 352 © 3717 34.2
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In 1994, the electricity intensity was 8 % smaller than the maximum value but it is
approximately stable in each yeat.

In 1994, the fuel intensity was greatly reduced. This fluctuation can be supposed to
be caused by the decrease in acryl production as well as electricity intensity.

b.  Energy intensity by utility
" Table 5.]_.8'shows the results of calculating the gas turbine power generation.
efficiency, and electricity intensity for compressed air and service water from the
- utility production amount and power consumption in 1995.
Table 5.1.8 EnPolyacryl

‘Gas Turbine Efficiency Utility Eleciricity Intensity

Power Generation Efficiency (No. 1 + No. 2)

Electric Power Intensity for Compressed Air

- Natural gas c‘onsumﬁlion 10*m? . 60,503.7 Electricity consumption ‘MWh 16,979
Pdwcr generation output MWh 118,594 Compressed air production 10’ m? ‘67,005
Intensity _ " Keab’kWh 4,694  Eleciricity intensity “mYkWh . 3.95

. . oo € ' R . .
PO_WN gcnfratron cfficiency % 183 Lleciric Power {ntensity for Feedwater
Eleciricity 'consdmption MWh 1,470
" Feedwater consumption 10 mt 2,750
Electricity intensity S mVkWh 037
c.: Energy_ inlensily by proéess
Tablc 5.1. 9 shows the energy mtensny of each ullluy requm,d for producl:on of
_ polyester and acrylic producls m i99ﬁ :
'l‘ablc'5.1.9 Encrgy Intensity by Process -
Consumpt'ion ' _Encrg); Intensity (P.:)Iv,.'ester):xL (Acrylic)
Polyester  Acrylic Polyester Acrylic Consumption. nerg?' :
: o S : : lntcnslly
Production = 1 55031 24581 T Lt g0512 -
Electricity MWh 34979 28821 kWhnh 6254 1,725 63,800 7924
Steam 1 98351 252,625 w 176 1028 350,976 436
Heatmedia.  Geal 41,300 0 Mcalt 784 . 0 41301 5130

-Compressedair - 10°m® 57,347 13,658  ‘m%t 1,025 5556 71,005 881.9
Nitrogen 100 m? 2,164 4,879 - m%t 387 1985 7,042 87.5

- Chiller water 0°m’ 3,158 4062w 56.5 -165.2 7,220 89.7
Raw water 1m* - 3329 - m*t 6.0 - 3329 4.1
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Power consumption referred to here is that in the preduction processes only.

The encrgy intensity for actyl production is extremely high. Variations of electricity
intensity and fuel intensity in the total of aceyl and polyester can be linked (o the
acryl production amount, {Sec Table 5.1.7.)

The reason for the high nitrogen gas consunmiption rate and chiller electricity
mlcnsnly in the acryt processes is that a large volume of nitrogén gas is required for
solvent scparallon at the spinning head and the chiller circulating water is iarge as
the coolant to separate the solvent in the nitrogen gas.

'Energy flow
L Total energy flow

" Figure 5.1.4 shows the supply energy flow to the prod(lc'{ion processes.

All ulitities required for production af_e_conifolled ina ccmralized‘manner by the

i power center. |

' fhls faclory uses the cogeneration system that mlroduces lhc gas lurbme cxhausl
- gas into the waste heal boiler lo generate steam, This waste heat boiler is used as

the base and the insufficient portion of steani is covered by two sleam boilers.

- Smcc the s(eam load declmcs in the sunimer season, part oflhe gﬂs lurbmc exhaust

gas is ventcd from the bypass flue.

AII of lhe elecmc power used in lhlS faclory is norma!ly isolated l"rom the external
power system, and is supplied by the in-house power gencration plant. Power is

: purchascd only in case of emergency such as shutdown of the in-house power

generation: p]ant Smce no synchronous motor nor power capacuor exists, the
acnon for i 1mpmvmg the power factor has not been taken. '
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Figure 5.1.4 Encrgy Flow
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‘5.1.3

Energy Management Situation

(1)

@

Selting the energy conservation target

The Energy Conservation Committee was established in June, 1995 and the energy
conservation aclivilics were newly slarted.

When the committee was established, the specific ac'l'ivity large.ls were:
a. Aclion'ag‘ainsl the faulty steam ira‘p function

b. - Reduction of 300 hl’!d in raw wat.er used

c. "Reduction of 300 m¥d in soft water used

At the point of this study, the target values have been achleved except for 2 reduction
in the sof t water volume, '

Asa basi_c requirement for successful enecgy conservation aclivities, it is ncccssary lo
let everyone know the practically possible target values., It is also necessary to clarify
the accomplishment deadline, roles of personnel, and budget. Continuation of these

* activities will expand and deepen, which is supposed to bring about an ever greater |
~result. 'We expecl energy conservalion to be further promoted based on the present
~ enetgy conservation prometing system,

Organized activities

" As described in (1) above, organized enesgy conservalion activities are being promoted,

achieving remarkable résults,

Although promotion of the company-wide energy conservation activities is favorable, it
requires background siructusing including enlightenment and niotivation of employees’
consciousness by management and setting up of a supporting organization, Te establish
the energy conservation system, promotion of the activities based on the present Eneegy
Conservation Commntee w:ll be reahsuc and lmmednatcly effective as described in (1)

“above.

Effects of energy conservauon acuons wnll of eourse, lead to lhe reduction in encrgy
intensity and cost reduction. : »

Although it is now very mexpenswe and the economic effecl is very low, the energy
price is supposed to bz increased in the future.
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Fuithermore, as the synergistic effect of promoting the energy conservation actions,
many derived cffects such as improvement of productivity, quality, facility reliability,
safety, and working environments can be expected.

For the proniotion of eniergy conservation by Japancse companies in recent years, the
energy conservation commiltee as described above plays the role of management, and
QC circle activities (hereinafier referred to as small-group aclivitics) by sub-divided
workshops are extended throughout the company, thus contributing greatly to the
revitalization of coriipany and the reduction of the production cost. Of course, energy

consetvation activities should be based on these small-group activities. (Small-group .

activities are further described in (4))

Data-based manégcmem

a. Current situaton of the measuring sy.slem
' Synthetic fiber manufaciuring plants.'consume ahuge amount of enefgy. Measurement/
- metering of energy is the management factor indispensablc to proper evaluali.on as

o well as grasping of the production §Osl.

In this factory, the energy supply facilities, mainly includihg the poix?cr center, have
advanced control systems and various measurement management equipment.

- Although twenties years have passed since instatation, these equipment are funclioning

very well, and useful data'such as the flow rate, pressure, and temperature have

been automatically recorded into the daily operation log.

Therefore, data ¢ollection can be fully covered by the'current system.

- b. Data utilization

‘Many useful data are simply recorded but not utilized for calculation of the energy
intensity.

Data can nol be said to achieve its role unless it is analyzed and utilized.

Valuable and useful dal_a collected should be tabulated, analyzed, and utilized -

‘effectively.

¢. Energy initensity evaluation ilems

. Energy inlenSEly management items inchude the following:
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1y * Encrgy intensity for produciion
~ Consumption rates of the power, steam, heat medium, compressed air; nitrogen,

chiller water, and service water in the polyester and acryl plants (Sub-dividing
these further into the polymerization process, spinning process and other
subsequent processes is preferablc.)

2) Energy intensitics for the utility facilities
« Efficiency of gas turbine power generation and waste heat reéov'ery equipment
+ ' Eléctricity for compressed air, nilrogen gas, and chiller load
+  Electricity powér for utility water (raw water, soft water)
These energy intensitics should be calculated every month, allocated from -
tabulation to a graph, and distributed to the related geoups monthly. This can
be expected to raise the employees’ consciousness for ¢nergy management.

In addition, if data is comrolled ona yca_rly basis, many data can be éccuhmlatcd.

: ’l‘abuhtlon of dala and its replesemauon mto graphs can be easily processcd by
tabulation software for persoml compuler.

. d. Management of energy in!ensily

“The .produ;lion enérgy intensity h_as not been graSped for both polyeslér and acryl.
n By graphing the trend of energy inleilsity,‘ the energy Jin'lensily reduction effect is
. visualized, and lhc graph can be thc properiy shared by related personnel as well as

employees.

Presently, the cncrgy efficiency of major equipment such as the generator are not
evaluated either, '

Enérgy intensity management is also required for evaluating efficiency of the
" equipment and machines as well as for judging the capacity allowance.

Obtaining and tracking encrgy intensitys are the necessary tool for business administration.

“Training and education of employees

Since information on the entire training systém is not available, no conclusive comment
can be made. However, the polyester and acrylic fiber manufacturmg processes are
generally put in good order and lhoroughly cleaned.
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(5)

Desktop work such as recording the operation is put in geod order as well. Training of
employees and plant production control seem to be also at a very high level.

Basic concepts on training of employees in Japan are as follows:

a.  Management attempts to renovate and raise the employees’ consciousncss to
allow the employees themselves “to tecognize how bad the sitvation is”. The
intent is productivity improvement; guality stabilization and improvement,
safety, and workmg environment improvement, including, of course, energy
conservation,

b As specific activities:

«  Promotion of small- -group activities by edch workshop and presentallon of the
performance mmdeiouts:de the company

+  Establishment of the work improvement proposal system, and encouragement
and enlight’enmenl of employecs for participation in proposals

These are pcsmvely promotcd onacompany -wide basis. Foraremarkabie performancc '
“-in these activities, an individual or small-group circle is awarded and a bonus s -

- supplied; " As a feature of the flber_factory, stains on the intermediate and final
product result in the production loss and energy loss; therefore the drastic “Keep it
tidy, neat and clean!” campaign is being carried out. As a traditional spirit in the
Japanese mdus(ry, a molto “Do nol drop a cotlon l'iy' Pick it up.” has been
inherited. '

QC circle activitics (i e. small-group activities) positioned in TQC (Total Quality .

Controt) in Japancse fitms are introduced by many companies and bringing satisfactory

results as a powerful tool for acuvatmg the company and enhancmg costcom pctllweness .

Also, through the small-group activities, siandardization of operation and facility
maintenance can be reviewed, In this way, technical transfer from experts (o
beginners is a!lowcd thus commumg wgorous activiticson a iong term basis every
'year :

- Bquipment management'_ o

Facilities and equipment are generaily maintained well and the control slaius is good

When we patrolled the polyester and acryl planls no stéam leak and compressed atr leak T

were found.

Although slight steam leak and compressed air eak were found in the outdoor energy

“supply yard, the mainlenance status is generally good.
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Heal emitling positions in the polyester and acryl plants are heat-insulated nearly
completely. : '

Heat insubation is almost completely applied to heat radiating parts in both plants, and
in this respect, the tevel of the daily management techniques is highly evaluated.
However, the following should be considered for future improvement:

a.

Gas turbine's air intake and cooling system

The gas turbine air intake and cooling equipment with evaporative cooling of
outdoor air for the purpose of increasing the power generation output in the sunimer

" season is not effectively used. The reason is corrosion of the air supply compressor.
~The cause of the corrosion should be clarified and the practical action to be laken

should be examined in the case requiring lhc action of increasing the gencrator
output in future. ‘

Water supply (i.e. circulalion) pump .

The current pump delwery pressure isS106 kgicm’ (G), whtch is relatively highet.

" Since detailed data is not. available, it is hard to determine anything but the -

specifications of the pumps may be excessive 1o the operauon base. The pump
performance should be evaluated on a current operation basis for major pumps with

along operatmg time, Performance dcgradalton due to aging is consndeted to occur

for the lmpeller and mouth ring.

2 During pump overhauling maintemlice these matters affecting the pump performance
- should be checked in detail. Thereafler, scheduled and positive measures such as

- pump function restoration, impeller cutting asan action for ¢nergy conservation,

and renewal to a compact high-efficiency pump s_l_wuld be promoted.

Facilities master file -

By preparmg the individual master file for major equipment and machines and
recording the maintenance history, an attempt is made to add the function as the
maintenance master file. Maintenance management is to perform rational and

" scientific ‘maintenance, which will icad to the outstanding encrgy conservation

effects and improvement of facilities’ reliability.

Meleririg facililies

'The basic of energy mlensuy managemem is adcquale melerlng managcmem

Total check of melering components, regular practice of priority overhauling, and

- preparation and maintenance of the metering components master file for recording -

the resultl are essential,
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5.1.4  Problems in the Utilization of Encrgy and the Countermeasures
(1) Comparison with a Japanese excellent factory
a. Evaluation of production process encrgy intensily
Table 5.1.10 compares the energy intensity at Polyacryl Iran (PAT) with that in the
Japanese chemical fibet manufacturing industry (i.c. companies surveyed by MITI).
It is understood that the PAI’s encrgy intensity is approximately 1/3 in Japan for

both eleclric power and fuel. Asthe background, the following are implied:

Table 5.1.10 Comparison of Production Composition and Energy Intensity

‘ Unit PAIL . Japan
© Production . . 10% t/y 80.5 1,748 4 o f%‘
Polyester ) - 18y . 55.9 - 1n7 '
Acryl 10 vy - 246 - 355
~ Others = vy : 0 676.4
Electricity infensity o MWh/t 7 .79 23t
 Fuel intensity o em - 0.34

Source: Data of PAL : Actual data of Polyacryl Iran in 1995
' Data of Japan: Textile Handbook, 1993
- Note: “The fuel for PAI docs not in¢lude that for power generation,
¢ “Others” in the Producuon tlem in the data on Japan include m‘unly Nylon (240 l) and
Rayon & Acetatc (30? t) ;

1y At the point of conSlru'clion in 1974, PAI introduced the facilities nost modern
in the world. Also, efficient use of encrgy in production processes was also %
considered, : : B

~2) -Manufacturing processes of both polyester and acryl use the continuous

polymcrizai_i_on and direct spinning system. - What deserves le mention is

particulasly productivily improvement and energy conservation enhancement

. by the POY systcm for four Imcs among five polyester spinning lines through
onnssmn of the process : : :

" '3) The reasons for higher encrgy intensity in Japan are as follows:

« A batch system is, in many cases, used for the polymerization process in
the polyester manufacturing plant. The production capability per batch is
small. :

+ As the recenl needs for the product, high quahty and high-value addition
are required, resulting in higher encrgy intensity.
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b. Comparison with a Japanese excellent factory

- For both polyester arid acryl, a Japancse excellent company corresponding to PAI
is selected to compare the energy intensity.

1) Polyester
“The licenser for the Japanese polyester production factory is Vickers Zimmer.
Manufacturing process uses the continuous polymerization and direct spinning
system. - As the raw material, DMT, also used by PAL is used.

Table 5.1.11 shows the intensity of eleciricity, steam, and fuel.

Table 5.1.11 Cemparison of Energy Intensity for Polycster Production '

- Unit ‘ PAI | ~ sapan

2y

Electricity MWh/t C - 0.62° T 0.24
: Sléam -t - ) © 1.76 " 1.60
- Fuel - kLt _ 0.1] : . 0.51

~ Note 1): Energy intensity for Japan: For polymerization to the spinning process

Production scale:
- PAT : 55, 931 vy (Capacny 54, 880 Uy}
Japan Aboul the same as PAL

. charding the lablc of lhc energy i.ntensity of elcctricity and fuel in the
polyester manufacturing processes, lhe following can be considered:

. Me!hod of heat uuhzauon for lhe cogcnem!mn systemr’in in-house power
generation

+  Alteration of electricity into heat energy in preducuon processes

»  Method of efficient utilization of electricity in ulility facilitics

. - Methods of metering and ailoling the energy consumption resulf

- For furlher dtffen,m:al analySIs of energy mlenm), detailed data should be
collected. :
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2)

Polyacryl

Table 5.1.12 shows the intensity of electricity, steam, and fuel for polyacryl.

Table 5.1.12 Comparison of Energy Intensily for Acryl Produciton

- Unit PAL Japan
Spinning mcthod Dry process Wet process
Electricity intensity - MWhiit 1.17 124

t/t _ “10.3 10.0

Steam intensity -

Although the spmnmg process al PAL is the dry type, the process in Japan used
for compamon is lhe wet type. Both energy intensities are approximately
cquivalent.

- Improvement of encrgy intensity

- Although energy mtensxly at PAL is ranked in a worldwide advanced tevel, the
following actlions can be consudered for possnblhly for funher reduction of energy
“intensity: ‘ :

H

2)

Produc}ion processes

» Possibitity of i mcreasmg lhe current temperaiure (2| °C) for quenchmg air
in polyester spinning

. Recovery of éxhaust heat from waste watef of the washmg fa(:llny in hot-

drawing in the acryl post processmg process

* Utility facililies

"« Improvement and $table maintenance of overall ‘efficiency in gas turbine

operation

. Improvement of the air ratio for the steam and Dowiherm boiler

» Reduction in clcclnculy for the clnllcr by usmg the cc-olmg heal source of
outddor air

+  Reduction in clcclrlcﬂy consumpltion by thewaste water trealment equipinent

+ Evaluation of the spec:ﬁmlmn‘: and efficiency of the coolmg waler pumps

and their high- effxclency operation :
¢+ Management of eleclncuy intensity. for compressed air and rational use of
compressed air :
* Building an energy intensity managcmem sys!em by re-examining the
metering/measurement system
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(2) Dowtherm botiler

This factc‘)ry uses Dowtherm as the heat medium for processes. Dowtherm is fed from
the Dowtherm boiler (also called the Dowtherm evaporator) located in the utilities area
to processes as vapor. After being used in processes, Dowtherm is returned to the
Dowtherm boiler and circulated again.

Figure 5.1.5 shows the méasurement result of exhaust gas and so on from the Dowtherm

boiter,
Figure 5.1.5 Dowtherm Evaporator Measurenient
R ‘to polyester plant © T =320
_ ‘ Dowtherm transportation line ‘P=3.8~4a.bs

: «—— Bxhaust gas duct . without steam jackel '
P " Stack 0,=93% W . ;

I+ _ Tl- 3117 Steam jacketed & insulated dowtherm main header

l Retumfluid 2 o
T=240 Dowthetm - ~No. 3 Dowtherm evaporator
.Fuei praevesnins <2 evaporator o :
: No.1
R _
- No. 2 Dowtherin evaporator
_ . Legend
- ’ F . o ; - ; 3
- Control panc] readings: Vapor low ~ * Fuelflow :. iﬂ:’pﬁﬁ;ﬁ !PC
" No.t g0 . 280 : :
S No.z 0 24000 280 . . .
No.3 18000 A "30 " Block letter: Measured valucs
kg Wnh - fralic fetter : Panel reading

Dowtherm pipe surface temperature in polyester plank:

Main header suiface - T=58
Asmbient temperature T=3

Bare surface (flange) T=214

Table 5.1.13 shows the heat balance obtained based on this exhaust_ gas analysis result.
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Tabie 5.1.13 Heat Balance on Dowtherm Evaporator No. 1

Heat-in kcalih % Heat-out keal/h %

Fuel combustion heat 2,815,500 100 Dowtherm sensible 1,993,605 71

IFuel sensible heat 0 0 Dowtherm cvaporation 1,232,000 44

" Air sensible 0 0 Exhaust gas 549,797 20

Return dowtherm 1,844,304 66 Miscellaneous 884,402 31

© " Total 4,659,808 166 ' Total 4,659,804 166
‘Heatefficiency: Fuel heat based 49.1 | '

" Note: ' Heat balance is based on an ambient temperature of 30 °C.

Air & gas temperatures are assumed to be the same as ambicnt.

If the air ratio of this boiler is adjusted to 1.3 {i.e. 5 % as oxygen content in exhaust gas)
which i§ the standard value for the air ratio of boilers in Japan, approximately 6 %,
2.66é Gceally (= 2,815,500 x 0.06 % 8,760 x 0.9 x 2 units) fuel saving can be achieved
if 100 % is in use presently, according to calcutation. Consequently, the heat balance
is improved as in Table 5.1. 14 As shown in this table, adjustment of the atr talio
reduccs the exhaust gas loss rate as well as the requrred fuel.

Table,S.l.M 'Eslimalcd Heat Balance After Air Ratio Adjuslinlg

‘Heat-in . kealh - % o © Heat-out keal/h T %
Fuel combustion heat ‘2,6'60,686_ 100 IR Dowiherm sensible 4],'993_»,'605 75
Fuel sensible heat - _' : 0 ¢ Dowtherm evaporation ~ . 1,232,000 46
Air sensible 0 o . Exhaost gas 394983 15
Return Dowtherm 1,844,304 69 ' Miscellaneous ~ 884,402 ¢ 33

" Total

4504990 169 S Total 4504960 169

Heat efficiency:
Fuel heat based 51.9

Furthernore, since the exhaust gaslemperalurc’f is high (317 °C pre&ehlly), several %

fuel saving can be achieved by installing the air preheater and preheating the combustion

air.' However, it is difficult to pay back investment cost of the air preheater in small-
sized furnaces like this fumace Thls item should be considered i in mslallmg cquipment

in fulure

(3)'_

Gas turbinc

In this faclo'ry, two gas lurbine generators with waste-heat boilers are always run to
supply electric power and processes steam. Table 5.1.15 shows the outline of these
facilities.
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Table 5.1.15 Gas Turbine System

No. of uniis, installed 2

Generating capacity (MW) 10

Manufactured by G. E

Type _ Single shafl, Opea cycle
Fucl : - Natoral gas

Waste heat boiler {t/h) 59

a.  Measurement and heat balance

' -l'lgun, 5.16 shows the result of :11easurmg the oxygen contenl and temperature of
" the exhaust gas at the cutlet of the waste heat boiler in these facllmes

- Figure 5.1.6 Exhaust Gas Measurement for Gas Turbine No. 2

Fuel (natural gas)

—

Tudd? Puli0mmAq

- Compressed éif w260 | " Bxpansion turbine
P=4 E _
: ! £ / -Power out ‘
- ' o P =657 MW
- Air codlp_ress_qr : . o
- \ . - Generater o
T o N Aftez expansion

= —_—— . Saturated steam 10 process
= WHB bypass, closed P17 Tw=203
o : _ - Stack
_ Waste heat Oxygen = 11 %
\aporame coo]er, not used boiler : T s 179
Filter ] N Nomiljal : = 172 ppm
Fecdwater | €apacity S9UR
Ambicent air'le'mpcraturc )y L _ _
11:30 12:00 . 12:15 Auxiliary fuel F=0
Dry bulb 32 %
Wet bulb .~ 153 15 16
Legend’ . . _ RSP
F: Row rat¢, m¥h © Block letter. Measured value,
Cf; femperatore, °C . [frafic letier : Panelreading

P: Pressufe, kg!qm’ (G}

Table 5.1.16 shows the result of calculalmg the heat balance of the gas turbme
system
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Table 5.1.16 Gas Turbine 1leat Balance

Heat-in kealh % Heat-out keal/h %
Fuel combustion heat 35,162,325 1000 Electricity 5,810,375 16.5
" Fuel sensible heat ] 0.0 . Stcam/\WHB 15,920,000 45.3
"~ Air sensible heat 0 0.0 " Exhaust gas hcat 10,994,295 31}
. Feed water sensible heat 0 00 Miscellaneous 2,437,655 6.9
Auxiliary fuel for WHB 0 0.0 Total - 100.0
" Total 100.0

Notes: Base témperature is 30 °C of ambient temperature.
Temperalure of air, gas & feed water is assumed to be the same as ambient. '

Steam amount is only assumption.

Net output efficiency

As shown in Table 5.1.16, 16.5 %'of the combustion heat of fuel loaded to the gas
turbine is convérted into electric power and 45 % is recovercd as steam by the waste
heat boiler. The adiabatic temperature of combustion, calculated from oxygen
content (17 %) in cxhausl gas aml the air temperature (260 °C) at the air compressor
oullea is 778 °C. ‘

]mprovenienl of_iuibine inlet gas temperéture_

For this® gas turbine systei, a simple simulation miodel with compression and
expansion was created lo sludy the gas lempcralure at the lurbme mIet and the air

' temperalure at lhe air compressor inlet.

'For gas (urbiﬁes. cfficic-nc'y c_an be improved by incréasing the gas temperature at

the turbine intet. Figure 5.1.7 shows the result of simulation using the model.
Figure 5.1.7 Combustion Temperature and Eﬂ'iciéngy :

22%

=
ES

4%

:_]04%: ' T i

600 “ 800 1,000 1,200 1,400
Temperature (°C)
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The turbine inlet temperature in the present gas turbine design conditions is
unknown. As shown in Figure 5.1.7, arise in the inlet temperature greatly affects
the increase in turbine output. Therefore, it is desirable to examine the possibility
of the temperature rise by checking the design conditions.

¢.  Cooling of intake air
‘This turbine has an intake air cooling equipment, which is currently not in use. This

equipment cools the intake air by atomizing water into the intake air after the air

filier. If the intake air is cooled, the air compressor can compress more air, thus
increasing the turbine oulpul.

Figure 5.1.8 shows a calculalton example. |

 Figure 5.1.8 Suction Temperature and Net Output Power

210
2.00

- 1.90

Output power (KWhim’-fuel)

1.80 i; : . . ; T . i

M 26 28 30 32 34 1
. i Suction temperature (°C)

In this case, cfficiency is slightly improved.

Examples of intake air cooling can be seen in both Japan and the United States. For
the method of intake air cooling, ¢ cold water made by the chiller is used or, in an area
“where the atmosphenc humld:ty is lower coohng by evqporatmn as seen in this
factory is used.” Accordmg to the heanng at this sile, the intake air cooling
cqunpmem was’ uscd in the pasl but the use was cancclcd because turbine blades
generated gorros:on lt is desirable to re- cxamme lhe use at thts point.

L4y Polycslcr quenching

Presemly. to contro} lhe polycster spmmng cooling air at 21 °C (DB)]I() °C (WB), the
chiller supplies cold water throughout the year.
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The outdoor air temperature is lower in the wintct scason and transient seasons before
and after winter. For reference, it is examined to the use outdoor air instead of chiller
walter as the cold heat source in operation during the period in which the wet bulb
temperature is 8 °C or lower. Table 5.1.17 shows the annual weather conditions and the
result of power consumption by the chiller in the Esfahan district.

Table §.1.17. Electricity Consuniption by' Chilter and Climatie Conditions

Eleciricity consumption Dry bulb temperature © Wel bulb temperatire  Relative humidity

‘Month - _
Mwh °C °C : % RH
} 720.0 34 0.2 - 50
2 720.0 6.2 1.8 48
3 1 696.0 105 3.7 : 34
4 781.2 153 12 32 )
©5 781.2 205 9.6 24 %
6 781.2 S 254 113 17
i 892.8 283 129 17
'8 8923 210 - 12.0 3 16
9 8928 ns lee 20
10 700 67 . 88 3
o 7200 97 . 4.0 S
12 7200 49 S E Cs6
TotallAverage  9,318.0 157 130 36

Souice for chmal:c condtuons Science Almanac (edlled by Tokyo Aslrononncal Observalory)
' -bsfahan district
- Dry bulb temperalure 1951 to i97l
Relative humidily 1965 1o 1967 . _
o :Relauve humidity was_calculated bascd on the enwronmenlal RS
: dlagram at | ,500 nim abovc the sea, ' : %

Power consumpuon by polyester in 1995 is obtamed from the c1rcu!ated wa(er volume
ratio:

. Polyester: 9,318 M\va % 0. 44 4,100 MWiy
o Acryl 19318 MWhy x 0. 56 5.218 Mwivy

a. : Improvement plan
Asstiming that 1hc'spinning quenching cooling air condition remains as it is and the

_pesiod in which outdoor aif can be used is 6 months (excludmg May through
October in summer season in Table 5. l 17}, it will be as follows :
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If the spinning quenching air condition is 24 °C which is 3 °C higher lhqn the
current condition, the period in which outdoor aif can be used is 9 months.

© As a case in Japan, quenching cooling had been reviewed for energy conservation

since the last half of 1970s. As a result of increasing the cooling air temperature to
24 or 25 °C, the period in which outdoor air could be used was increased. Also, the
air condition of the POY system has been mitigated. '

Howgver, since the higher-quality, multi-yarn wisp, and speedup tendéncy is accelerated
by the recent markei needs, the quenching temperature is likely to decrease gradually.

_Hence, a case study is conducted by ﬁsing the quenching condition at PAI as the
current condition. Figure 5.1.9 shows the concept of the entire cooling system. As

~ the basic concept of this system, the outdoor air wet bulb condition is: always
- detected, and the system aulomancally selects the chiller water when the temperaturc

of the cooling water obtained becomes higher than the reference value. Here, the '
cooling tower used to obtain the cooling water is a fully closed type, which is
regarded to work as a rooftop equipment on the polyester building. Thus, it is
inteided lo reduce a resulting ia‘rge-amount of electric pc’»Wér for the cooling water.

- Figure 5.1.9 Concept of Outsid_e Air Cold lleh( Utilization

. Cooling tower
Alr conditiones  {Closed type)

o Wet bulb temperature sensor .
) ] - B : ! Qutside

. < air
e : . : : @.....-..;.;.. ) '5“3“ PH & =]
. MLJNL'—l Cooling tower : Se!e:c-lar- - 1I[ | -I i e Spray
S 3ty . i : b KRR B | E—— UM
e G I A vl B | 5 B
: - . _ .- . Supply air
. k ~_| L - air _ i
L OQuiside . Quench
| air Cet box
[} _
. Chitter _@__ |

“Cooling water tank

b. Bxpected ef l‘ec;

M clectric power for the chxiler that can be saved is esumaled to be 50 %. the effecl

is as follows:

4,100 MWh/y x 0.5 = 2,000 MWh/y (for the chiller pump).
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Also, the outdoor air in the winter scason can be used as the cold heat source for
cooling the chiller water for other purposes. It is desirable to include the acryl plant
in examination of the plan,

Recovery of acryl process waste heat

Waste water from the heat tceatment and washing processes in the acryl and polyester
plants-is fed to the total waste liquid processing equipment, where the contamination

“matter is removeéd by the biological ‘treatment. Figure 5.1.10 shows the flow of the

waste water treating system.

" The waste water volume in the acryl processes is 75 % of the eritire water volume. The
waste water (emperature is high anid the average temperature of all incoming water is as

high as 65 °C.

Therefore, a cooling tower is provided in the waste water treatment process to cool -

water down (o 30 °C.
a. lmprovement mcasure's :

By altempling hea! exchange between the hot waste waler in Ihe acryl plant where
75 % of waste waler is generaled and the fresh washing water, thus heating steam
“for heating fresh water ¢an be reduced and decreasc the temperalure of the waste

- water commg into lhe waste waler 1realmenl equipment.

b. Expecled effect

'Conditions for cal_culaling the effect are as follows:

+ Acryl hot waste water volunie o - 60 m’fh (75 %efenlnre efﬂuenl)
+  Waste waler lempemlure at the washer outlet: 80 °C '
. Tcmperalure efficiency of heal exchanger : 66 %
+  Supply water temperature - 1 20°C

’ Ullllzanon efficiency 1 80 %
60x|0‘%x24x365x08x066(80 20}[!05 léSOGGeaI!y
. Expec’led heal_cxchangc characlerisﬁcs

Waste water side Inlet: 80 °C, Outlet: 40j°C
Fresh water side Intet ;20 °C; Outlet: 60 °C
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Pumps

Among pumps using a large motor, clectricity for five pumps (2 cooling tower water
feed pumps, | chilled water pump, | raw water pump, and 1 soft water punip) was
measured. Table 5.1.18 shows the electricity measurement result. For the utilization
factor, the raw water pump is approximately 70 % and the soft water pump is 60 %

minus.

Table 5.1.18 Measurement Result of Power Consumption by Pump Molor

: .Measming date: 6 August 1996

Cooling Tower Water Pump
~ No. I Pump . No. 2 Pump © (No. 1 + No. 2) Pump
© KW p.f. U.F. kW p.f. U.F kW p. I

Average

CMaximom

Minimum

1943 0905 0880 1892 0910 0857 3835  0.908
1943 0906 0880 1892 0911 0857 3835  0.908
1943 0904 - 0880 1892 0918 0857 3835 0907

Chilled Water Pump No. 1 Raw Water Pump No. 1 © Soft Water Pump No. 1
kW pf . UWFR kW  pf  UF kW - pf  UF

Average
Maximum
 Minimum

S 1728 0912 0840 776 0884 0703 665  0.849 .58
1732 0912 0942 789 - 0885 0715 658 0852 0.59

1725 0912 0.938 76.4 0.881 0.692 632 0845 0573

Thc upper seclion in Table 5.1, 19 ﬂhowc the pump efficiency calculaled from the watcr '

pressure and the water volume on the control panel for these pumps From this result,
cfﬁcnency of each pump is as low as 60 % or less. - SR

The' lower section in Table 5.1.19 shows the result of ihc effect calculated on the
assumplion that this operauon is ‘continued and the pumps are replaced by high-
" efficiency pumps. : :
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Table 5.1.19 Efficiency Calculation of Main Pumps

Watér Pump Name

Cooling Tower Cooling Tower Cooling Tower - Chilled Water  Raw Witer  Soft Waler
PempNo. I PumpNo.2 = PumpTotal = Pump No. | Pump No. |~ Pump No. |

Pressure (kgfom? (G)) 46 4.6 4.6 S 5.3 5.6
Water ftow (m*h} 750 - 750 1,500 620 155.4 19t.4
" Efficiency of motor 0.9 0.9 09 09 C 09 0.9
" Motor input (kW) 194.3 189.3 3835 R EER 716 64.5

Efficiency of pump 0.537 0SsE 0.544 0542 Soo32 0 (.503

~+ (After improvement) . _ ) ‘
- Efficiency of pump o 0.1 0.7 S P 0.7 0.7

© - Calcutated output (kW) 134.2 BT R 120.6 320 47
Selected motor capacity (kW) 180 _ 160 g 1 © 37 _ 45
Efficiency of motor 0.9 T 09 ) 09 09 08
' Motor input (KW} _ 149.1 149.1 _ o i3ae T 3s6 46.3
Reduced inpul (kW) C 452 02 S 392 420 182

I Reduced kWhiy 361,330 325,330 _ 313,566 335658 145,659
Reduced FeelY (¥) C 581,283 5,141,283 : C5017,060 5,370,527 2,330,546
Investment (¥) 16,000,000 * - 16,000,000 . 13,200000 3700000 4,500,000

€

Simple payback period (y) 28 N 26 07, - 19

: Eleclriéily supply!demand

Since elecmcuy supply relles on pnvalc power gcnerallon alone, lhc faclory s safc and

- stable operauon is lmporlanl in terms of energy conservation. At the point of this

investigation, the generator’s utilization factor (= average eleclric power/generator -
rating output) was 65 % for thc No. 1 machine and 64 % for the No. 2 machine, which

- implies operation with a sufficient allowance. The current Joad is 12.8 MW which

cannot be supplied by one generator, Therefore, eleciric power.is supphed by two
generators. As aresult, light-load operation seems inevitable. However, gross thermal ~
efficiency is 14 to 15 % due to the cffect of the hght load operation.

- According to the characteristic curve of the gas iurbmc the heat consumption rate is
-1mproved by 12.3 % if the uuhzatlon factor is mcreased from 65 % to 100 %,

Although the external power fine is separaled presently, it is desirable to select the
oplimum energy supply mix cons;dermg the cxternal electric power, control of the
number of gas turbines, and gencral bonlers cfflcrency if the exu:mal pOWer line is

" reliable, selling power is poss:ble. and cost recovery is possible.
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For fuel consumption for gas turbines in 1995, the natural gas was 60,503,712 m¥y.
Therefore, the volume of natural gas that can be reduced is as follows:

60,503,712 x 0.123 == 7,442,000 m'/y.

Although 80 % as the plant load power factor is not satisfactory, reduction in power loss
only will not be the merit of installing the condenser. At the point of parallel operation

with the external line in future, the problem of the power factor should be solved along
. with the utilization factor problem described above.

- (8) Power consumption for feédf\Vaslé water {reatment

Tablc .1.20 shows the power consumption load on the supply water/waste water

facility in the entire factory. o -
- The total load of feed/waste water treatment occupies 12 % in the entice factory,

‘Fable 5.1.20 Cemponent Ratio by Eleclricity Consumer (1995)

Electricity Consumer ~ - o - ‘Consumption {MWh) Consumpuon Ralto{ Y
Production process. . ... - Polyester | L 349794 _ 33.16
' ' - Acryl - 28,8211 132
" (Sub-totaly 63,8005y (60.48)

Heat generating equipment GT auxiliary.equipménl C o '65_7.3. . 062 -
' . Steam boiler. . SRR Fr 2 _ Co 119
Heatmediim bodler 482 . 071
_ (Sub»tolal) o O @6%6Ty sy
Chiller equipment - L @3188) @8y
"Air"cnmprci;so:requipmcn( . Air'compressor : ' ‘16,978,8' - . C 16,10
' N, production system ' 376.7 : 0.35
(Sub-total) . (7,3555) ' - (16.45)
Equipmcnt for raw water Raw water treatment : 7,469.6 7.08
and waste water ' Waste waler trecalment o - 4,891.7. - 464
(Sub-toial) - o £(12,361.3) - (11.72)
Grand total " | U 105,492.8 10000

As lhe cvaluauon method for electric power for ireaimg the feedfwaste water, the

pumping e}ectncny intensity (kthm’) is considered for the feed/waste water pump
power. For electricity of the aeration blower in the waste water process, the aeration
electricily per treated waste water volume (kWh/m?) and the aerauon electricity per
BOD load (kg)(kWh/kg BOD) are considered.
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Evaluation of the result in 1995 is as follows:

© Feed well water volume 1 2,750 % 10? wy (314 m¥%h)

Circulating water volume  : 27,500 x 10° m¥y
(assumed as ten times that of well water)

Electric power for feced water: 7,469.6 MWh/y (852 kWh'h)

7,469.6 X 10*(kWh)

= 0.271 KWim?
27,500 x 1037} "

Pumping electricity intensity :

For evaluation of the total bu mp head, the pump delivery pressure for the enlire water
volume is obtained assuming that the average efficiericy of all pumps is 60 %: '
7,469.6%10% x 102 X 3,600 X 0.60 _

CH=2 : : =60
27,500 % 105 m

In this formula, 60 m (6 kg/cm? (G)) represents the lola! puinp head mdlca:mg lhe piping

- line fncllon loss and the helghl from suction (o top

' Eie'ct._ricity:for waste water treatment is as follows:

_Accepted waste waler volume . 80 m’ih
~ Electricity consumption for lhe waste water treatnient: 4,891.7 kWh'y (558 kWh!h)
Waste water treatment e!ec_-tru_:lly intensity ' : %5(-?- =70 kWhlmS
~ Powe# consumplion load of the aeralion blower : lOOxO_.’Isﬁx 0.9x2_ 0.24
Eleclricily ’ih'l_cns'ily for the aeration blower .- §§%@ = 0.67 KWh/m®

“a. Improvement plan

" Basically, promiotion of the rational use of feed water is the first step. The result
will directly lead to reduction in eleclsicily for processing waste water.

The aeration blower in wasle water treatment adjusts the volume of air blown in
acéording to the contamination load accompanying the production fluctuation. By
using the dissolved oxygen content in the waste water bemg treated as an index, the
automated syslcm petrforms alternate and mternnuen( operation of three blowers.

As can be seen from the pump effxcnency meastrement cesult shown above, cach
- purp should be exchanged (o a proper capacity and high cfﬁcnency pased on the
actual Ioad along with reduction in the volume of feed/waste water.

Presenlly, allhough the temperature of water coming in the waste water Process is

as high as 65 °C, the effect of reducing power for cooling the waste water can be
expected by waste heat recavery.
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b. Expccted effect
1) Expected reduction in feed/waste water volume
The water volume can be reduced by 15 %

Reduced electric energy  : 7,469.6 x 0.15 = 1,120 MWhty
Treated waste water volume: 10 m¥h reduced from 8¢ m¥%h

Reduced electric energy @ 4,891.7x{(1-0.24)x g = 464 MWhy

2) - Expected reduction in aeration electricity
There is a fluctuation in the volume of acryl produced. If expected reduction
in the acration air volume as a result of proper control of dissolved oxygen is
20 %, electric energy reduced is as follows:
4,891.7 x 0.24 x 0.2 = 234 MWh/y
“3) . “Total reduction in electric energy
1,818 MWy (= 1,120 + 464 + 234)
4) Reduction in water feed electricity intérisily
The total pump head described above, 6 kglem? (G), is a very large value. Itis
~ necessary to prepare. the overall piping line: dlagram (i.e. engmeenng flow
- - sheet) to check the characteristics of each pump o
_ Problems exiracied shdul_d_ ba corrected repeétédly' by usi'ng _lhe maintenance
- timing in a skilled man‘ncr In other words, aiming al shifting to the pump’s -

proper capacily and hlgh efﬁc:ency may feduce pumps' power consumptmn to
50 %.

Eleciric power corresponding to 50 % is 3,000 MWhty.
- “The preliminary step for practical actions is to calculate electricity intensity for _ '
‘each waste waler processmg cqu:pment and manage lhclr tendency by using a
'graph :
(9)  Eleciricity éo_nsumplion for combresséd air

As shown in Table 5:1.20, electricity consumption by air compressors accouats for 16
% of averall power consumption (N, compressor excluded).
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The required electric energy per 1 m® of compressed air, that is eleclricity intensity, is
© obtained from the actual values in 1995, :

- Calenlation basis:

Electricily consumption: 16,978.8 MWh/y
Compressed airused @ 57,347 x 10° m'y for polyester

13,658 x 10> m%y for acryl .
71,005 x 10> m¥y for iotal
16,978.8x10°

Electricity inténsity  : —t "0 = 0.24 kWivm(= 4.]3_ m:’.fk\;‘!h)

71,005x10%

" Judging from the receiver tank pressure (3.5 kg/em? (G)), the compressed air manufacturing
cfficiency is low. However, since the conditon for calibration to. nornal state of
temperature and pressure is unknown, it is difficult to make a judgment.

-The general value of intensity in the normal state {0 °C at atmospheric pressure) in
Japan is 7 to 8 m’/kWh. : ' o

- a, - Improvement plan

1)_

2

3y

Reduction in compressed air consumption
As a general compressed air consumption pattern, the con_sumpli'on _Io'ad by
blowing is large. Also, leak from compressed air devices and piping cannot be

ignored,

Depending on the case, e'!ec‘!ric'ily'_cénsumplioh ntay be reduced by 30 to 40 %

- by leak managemenlt and blowing air system improvement.

Macro evaluation of the compressor's ¢fficiency

The operation time and the electricity consumption of each compressor can be
managed relatively easily. As a result, compression characteristics of each

*_compressor can be obtained as the basis for high-efficiency operation.

Management of overal} electricily intensity

" . From the volume of compressed air manufactured and its electricity consunption,

the compressed air’s electricity intensily is managed monthly. Tracking using
a graph allows casy trend management of various acti_oh resulis.
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b, Expected effect

According to the general action result, the target value for reduction is considered
to be 20 %.

This target value seems to be fully achievable by listing the locations consuming
compressed air, the use of purpose, and the use conditions, natching them with the
actual application result and promoting the improvement plan.
Eleciric energy corresponding to 20 % reduction is as follows:

- 16,978.8 X 0.2 = 3,400 MWh/y

(10) Summary of proposals

Table 5.1.21 shows the ehergy conservation measures described above.
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Table §.1.21 Sununary of Proposals

(Japanese Yen base)

Expected Saving
Fuel Electcicity Total Iavestment Payback
Ttem : Million Milien  Period
Million Million : .
Y oY ealy cn Year
10 mVy yealy % MWh.‘y_. yendy % yeay o
Imptovement of Dowtherm boiler ~ 290%' 5.0 03— 50 o 0
air ratio - ) ]
" Review of quench cooling - - ) 2000 200 1.6+ 200 2¢ 1.0
Recovery of waste heat in the 2,282 T 392 ST - ' 3.2 IS 0.4
acryl process - . : ) : . ‘

Replacement of chiller system pumps - S 956+ - 100 . 08 - 100 45 45
;lmprmemenli:ofgas'lurbine 7,442 C1218 L - ‘ ‘ 127.9 0 0
utilization rate g T - . S - .
Reduction of supply/wasie water - C ' 1.818 18.2 1.5 18.2 Kl 1.6
and aeration volume ’ ‘ o
Optimization of pump capacity - 3,000 300 2.5¢1° 0.0 - 25 08
Rational use of compressed air - . 3,400 330 23 T340 30 ¢

Total 10014 1720 120 11,214 1122 92 2843 165 0.6
“(§ran Rial base)
. _Expected Saving :
_ . Foel - Elcc.lricity ) . Tot:al inf'e gtment  Payback
fiern . : . = Million ~ Million - Period
: " N.gas Miltion Millien - . - Ria¥y . Ria! Year
L 10t mYy Rially %__ . Mwhiy Rialty ~ LA
improvement of Dowtherm boiler 2900 36 030 o 36 o . 0
air ratio : . . ) o ' o ' h
Réview of guench coolmg ‘ - - ) 2000 0 200 N Ry 200 350 1.8
Recovery of waste heat in the  2.282% 281 2.7+¢ - 28§ 262 09
* acryl process ‘ : : .
Replacement of chilfer system pumps . _ 9964 100 08" 100 648 6.5
Tiprovement of gas turbine 1442 - 9IS ggr - 915 o 0
wtitization rate’ . :
Reduction of supp!yiwasle water = 1.818 182 1.5%¢ 182 525 29
- and aeralion volume : :
- Optimization of pump ¢apacity - 3,000 300 25410 300 438 1.5
Rational use of compréssed air L. 3,400 .- 340 - . - 2840 340 525 - 1.5
Total - - 10014 1202 RO 11214 122 92 2354 3,748 i.2

TR 2,664 % 107 keally 7 9,200 keaUm® = 290 x [0 my
*2 16,800 x 10" keally f (9,200 keal/m' % 0.3) = 2,282 x 10" mYy
*3 200x%10°/ {83,362 x 10) % 100=03 %
* 2281 % 107/ (BRA62 x Q) x 100 =27 %
*5. 7,442 % 1077 (83362 % 107 % 100 = 89 %
*& - Excluding that for raw water, soft err(36| 330 + 321,330 ¢ 213,568 7 10 = 996
*7. 2,000/122040% 100 = 1.6%
*§ 9964 122,040 % 100 = 0.8
¢ LSISF122040% (00 = L5 %
S0 30007122040 x 10025 %
AL 34007122040 % 100 =28 %
Encigy price in Japan. -
Natural gas: 17,000 yen x9.2/9,100 - 17.19 yen/m’
: Flecireity: - 10 yen'kWh : :
" Encrgy price on Iran Rial base:
Fuel oif: 78 RialL
Electricity: 100 Rial/kWh
Exchange rate: 1,750 Rial = | US Dollac = 100 J’apamse Yen
Investament cost is based ona that in Japan.
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