5.2 Results of the Study at Kashan Velvet & Rayon Mills

5.2.1  Outline of the Plant
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Plant name

Kashan Velvet & Rayon Mills LTD.
Plant address

Amirkabir Ave. Kashan, Tran |
Number of employees

6,073 |

Major products

~ Cloths, velvet and carpets

Production capac'ily '

~ Cloths: 10,000,000 vy
~ Velvet: - 4,460,000 nvy

Carpet: - 1,‘2'35,_()00'm’ly

Production process

“The plant is divided into the rayon factory fur'spinning; weaving, and dyeing and the

velvet factory that receives the raw yarn from the rayon factory. - .
Major processes are oultined below. Figure 5. 2.1 shows the process flow chart,

a. ' Rayon factdry
. 1} -Spinning process

In the spinning process, raw malerial fibers such as cotton, rayon, polyesier,
and acry} are spinned individuvally or in a mixed mode.

Aftet having foreign miatiers removed in raw cotlon ‘thro'ugh each process,
cotlon fibers are repealedly made paralled and uniform aleng with synthetic
resin, and turned into yarn of a specified yarn counl number by the spinning '
machine.
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Figure 5.2.1 Process Flow
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The bobbin yain taken out from the spinning machine is wound into cheese
shape by the automatic winder and then twisted by the double twister. This
twisled yarn is used as the raw yam for velvet, carpet, and gray fabric along
with a part of the bobbin yarn, '

Temperature and humidity control in the spinning process is an important
control factor, for which the air conditioner in ¢ach process maintains the
specific temperaliire and humidity in a stable manner.

- Power consumption b'y the air cbn‘di_lioners is high, ac'couiriiing for 10 % to 20

% of the electricity consumption for production.
Weaving process

The rc'(':eiv'ed raw yafn is treated by warping and winding to prepafe for the
warp and weft, and then woven into a gray fabric by a weaving machine.

The gray fabric for general textiles is féd_ to the dyeing and finishing processes.

As$ with the spinning process described above, temperature and humidity
conlirol in the weaving machine room is important, A dcdicaled alr-condmomng

: syslem conlrols the temperature and humldﬂy
Dyeing_and finishing processcs

For dyeing and finishing the g"ray fabric, there are various and versatile

processing types depending on the use of the finished product.

" The short-fibet woven fabric is pfoceséed in the following three sets of processes:

- @ Preparation processes

“ The major processes are singeing, desizing, scouring, and bleaching. The
mercerization and heat seiting processes are performed as required.

@ Diyeing processes.
These prOcesSes' are classified into dipping as plain dyeing and (extile
" printing. Dip dyemg is performed in a batch system using the hqmd flow

dyeing machine, the wince and jigger dyemg machines.

Also, pattein printing by a prim‘mg machine is available.



@ Finishing process

For resin finish which is performed according to each specific use and
purpose of the product, the finishing technology is getling increasingly
upgraded and diversificd, which includes crease-preventive finish, flexibility-
adding finish etc.

A heal medium is provided as the heat source for two heat setting machmes
used for ﬁmshmg

: A large amount of heal and water is used in the dyeing and finishing

processes. Hence, energy management focused on specific 1mportanlareas_

is essential.

b.  Velvet factory

In the velvet factroy, in addition to the raw yarn supplied from the spinning process,
carpet weft and pile yamn of a largé yarn count are supplied by the subcontractor.

Velvet and carpet are woven and finished by using these raw yarns:

D

N

Velvel prdceSses ,

A part of raw yams supphed from the rayon factory and subcontractor are dyed |

by the yarn dyemg machme

~ The raw gray fabnc woven by twmmg the pile lhread with the warp and lhe '
" weft is, also in the final finish process, subjected to fNuffing, shearmg, glazmg.‘ -

and then sheeping, 1o be made inlo a product, though additional processing

operation may somewhal differ depending on the yarn dyemg or picce dycing.

A large amount of steam and washmg water is used in the yarn and fabnc

~dyeing processes.

Carpet processes

For the carpet warp raw yarn, spun yam is supplied, while the thicker warp and -

pileare subcontracted.” Afier yarn dyeing, the carpet raw yarns have the pile
inserted into the base fabric by the tufting machine to form the pile. Then, after
1aising, polishing and shearing, a product is made by the lining process.

As with velvet, a large amouni of stcam and washing water is used in the yarn

- dyeing process. Therefore, energy management is essential, In the shearing

process, the electric facility capacity for the dust collecting blower is large.
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History of the plant

" Forly years ago, this factory was founded as a private enterprise with the capital

provided by banks (50 %) and private companies (50 %).

Al the initial stage, the item produced was velvet, Then, raw materials such as silk and
viscose rayon have been added to cotton.

Presently, carpets as well as velvet are produced. As new raw materials, polyeslcr and
acryl have been inttoduced to be used in various ways (i.e. mdwndually orina maxed

" mode with traditional flbers)

'Although a part of raw mialerials for such as rayon is imported, polyester and acryl are

supplied from domestic manufacturers as raw material.

The producls are exporle(l to Russia, Czecho and nauons within the former Sovict
Union. '

As other manufacturers engaged in the sanie business in I R, Tran, there are three rayon

plants and one velvet plant. There is no competition in siik velvet.

The scalédf this plant ranks high amohg all Iran’s fiber companies.

The production in lhe entire counlry is now gre'uly reduced due to econmmcal depression
and an increase in exporls by adjommg countries.

-Por the renova!ion of facilities, 'lhcir replacement to hi-tech weaving machines is

currently ;in pmg‘ressrin_lhe No. 3 fabric weaving shop of the rayon factory.

‘Plant layout

Figure 5.2.2 shows the plant laydul.
One line diagram
Figure 5.2.3 shows one line diagram.” -

Oulh‘ne of major facilities

~ Table § ‘Z 1 shows the major uulny I‘acnllncs and produclmn machines in the rayOn
* factory and velvet factory. :
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Figure 5.2.2 Plaunt layoul
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Figur;’: s._i.s ‘One Line Diagram
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Table 5.2.1 Main Equipment

Factory  Process Equipment Number Specification
Rayon Utilities Diesel generator 6 (3x 1,315 +2 %2500+ 1 x5680ykVA
Steam boiler 5 smoke tube (1 X 20 + 4 X 10) vh
" Raw walcr treatment 1 4 x deepwell, water soflener
Spinning Preparation ] Blending and scutching, carding, drawing and
prespinning :
~ :Spinning 48 400 sps X ring frame
‘Winder 7 ' 50 drums X autocorner
Double twister 128
‘Air conditioner - 3 Air washer type _
Air compressor 3 2xscrew/ | X reciprocate
" Weaving Preparation "1 Sizer, warper, winder
“ Shuttle looms 325 ' No. 1, 2 weaving
Shuttleless looms - 47 No. 4 weaving
Air conditioner -3 Airwasher system
Air compressos - "3 2xscrew/ | X reciprocate
Dyeing and Prepéraiion $ Singeing, desizing, sfo'uring.’ bleaching,”
finishing ~ Continuous dyeing ! 1xthermosol : '
Batch dycing . * 22 6xjel
' ' ' 9 x jigger
_ T 7 % wince
Print dycing © 2 1 Xrotary
o ' . 1 X frame
Finishing . "1 . Tenter, resin, &tc.
Héat media boiler - 2 Once through 26.7 m? .
Air compressor S 3 2xscrew/ 1 X reciprocate
Velvet  Utilities : Sleam'boiilcr- 4 smoketube 3 x 10+2x7)vh
© Air compressor © 6 3 xscrew /3% reciprocate
* Vacuum cleaner 1 2x55kW reciprocate
Velvet Yarn dyeing 4 Overmiyer type
Yamn dryer 2 - Hot air circulate _
Prcparation 1 Warper, winder, cte.
- Weaving | Looms for velvet
Continucus dyeing 1 .. forcloth
Batch dyeing 12 ¢ 9 xvertical
C : 3 % horizontal ‘
Finishing I Shearing, glazing, etc.
Air conditioner 1 Evaporation system
Carpet Yarn dyeing. 1 Common use velvel
- © Pseparation 1 Basefabric, and pile, ctc.
‘Weaving 1 for carpetl
Finishing 1 - Shearing, brushing, etc.
Air conditioner 1 Evaporation system
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(11) Energy cost

Electric power and fucl costs are as follows:

Power : 42 to 43.5 Rial/kWh

. Fuel oil: 10 Rial/L.
Gas oil : 20 Rial/LL

Natural gas: Rayon factory

(1995)
(1995)
(1993)

29 Rialfm* (1996)

Velvet factory 26 Rial/ny® {1996)

(12) " Study period

a.  Preliminary study: October 14, 1995

b.” Plenary study  : Auvgust 17 o 19, 1996

' (13.) Members of the study team

a. JlCA;leam o

o Nono Fukushima (Prehmm’ny study)

Leader :
" Leader and heat management lechnology Jiro Konishi
.. Process management technology : Takashige Taniguchi
' Electricity inanagement technology @ Kazuo Usui

. Economic evaluation
b. "PBO team
. Energy conservation

Energy conservation
Factory management

o Shlgeakl Kato (Prehmunry study)

: Mr. Mianji
. Mr. Akhavan (Pseliminary study)
1 Mr. Sajadifar :

‘Macro level energy management: Mr. Moosavi

(14) Interviewees
a. Preliminary study

Mr, Mossavar "
Mr, Shojace
Mr. Javad-Dashtizadeh:
Mr. Rokai

Mr. Ghattan

TE Deputy General M'anagér_ ':
: Manager of Spinhing Factory

Manager of Velvet Factory

: Manager of Dyeing Room -
: Manager of Utility Section



b. Plenary study

Mr. Khayatian: Fechnical Manager

Mr. Kamali : Supervisor of Power House

Mr. Ansari : Supervisor of Technical Office

Mr. Hemstan @ Supervisor of Factory Office

Mr. Sanayia : Supervisor of Industrial Management

5§22  Current Situation of Energy Consumption
© (1) Transition of the production
Table 5.2.2 shows the production by product type for each year of 1990 lhrbugh'1995.
For the fabric production, the weight values converted from the length, area; and weight
for square meéter are shown in addition to the unit that is usually in use.
~ Table 5.2.2 Production
Name of Product 1990 . 4991 1992 . 1993 1994 1995
Spinning .t CLssE 1414 1,353 1,318 1200 1,250 - -
“Yara (R +V) L ‘ S ‘ o
Weaving . km 10,0328 . ‘10,1833  : 9,2033 9,448.7 73341 50381
Fab(R+V) t CLo9r 007 1001 1,028 798 548
velvet  km . 38977 36187 33513 . 38858 28216 18512
t . 1,964 1,824 1,689 1,454 i,_422 - 933
Carpet ? 824,442 901,044 899,887 843,465 759,568 423,181
1,709 952

L 1,855 2,024 2,026 1,898

Note: The weight was calculated based on the assumption that t

follows: -
Fabric: Average 1.45 m Width, 75 g/m?

Velvet: Average 1.4 m Width, 504 g/m

Carpet: Average 2,250 g/im?

{2) Transition of the ¢nergy consumption

he specific weights are as

Table 5.2.3 shmvs_lhe energj.rjéon'sumplic:n'i for each year of 1990 through 1995,
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Table 5.2.3 Energy Consumption

1990 1991 1992 1993 1994 1995 Note
Electricity
Purchascd - - - - .- _ -
in-house 17,071.1 17,1039 16,8401 £814.1 7,415.6 -
Total MWh - - - - - -
Dieseloil kL 4,260 © 4,280 4,210 22:0 1,860 ~ 8,900 keabLL
Kerosine - kL 270 ©23s 200 310 AL -~ 8,320 kcaWL
Fuel oil kL 3,250 2,750 2.?00 1,300 ©1,250 - 1,280 9,300 keal/L
Naturat Gas 1,000 m? 6,922.3 6,931.6 69325 - 69415 69427 . 6,327.7 9,500 kcabm’
Soft water 1,000 or* 580 595 580 580 567 589
“Boiler fuel  Geal 95,937 91,425 . 90,969 78034 71,581 - 69,797
Since both natural gas and fucl oil are used for the steam boiler, the sum of these values
f‘ - converted inlo calories is shown as the boiler fuel. '

- Table 5.2.4 shows the electricity balance in the factofy at the point of this study.
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‘Table 52.4 Electric Power Balance

Measuring date: 18 August-19 August

Diesel  City line Totat
kW Weight  Capacity kW Weight Capacity kw Weight
(%) (KW, kVA) (%) (kW, kVA) (%)

Supoly _
Diesel engine No. | 1,052
Dicsel engirie No. 2 ' 1,052
Dicsel total LIGO 304 2,104 ‘ _
- City line _ _ . 2,650 696 6,250 ]
Total. _ : : 3,810 100.0

- Consumption

Velvet :
Weaving No. 1, 4, 7 400 0.5 1,250
Workshop : &Y.
Biying ’ . %
Weaving No. 3 - 410 108 L250
Dyeing - ' ) '
Finishing No. 1-3
‘Boilér, Cential, Compressor _ 7
Diésel fotal S C810 213 »
Weaving No. 2, 5, 6 e 450 118 1,500
Velvel preperation -
Official - S _ o : _ )

"~ City line total o - © 450 113 - 1,500
“Vebvel total : ' o _ C ‘ 1,260 33.

Rayon . _ ' o ' ' '

Water feeding boiler 280 7.4 1,250

Diese! house

Workshop - 0 18 : 500

Diesel total : 350 9.2 R .

" Finishing & Dycing L4200 110 1,250%x2 @
Weaving No. } & Preparing 180 4.7 1,000 i :
Weaving No. 2, 3 330 87 - 2,000
Twister, A. C. auto-comb : 420 1.0 1,600
Ring No. | 130 34 630
Ring Neo. 2, Compressor : 400 N0 630
Carding, flyer _ L 300 .79
City ling total 5 22000513
Rayontotal -~ . o oL . 2,250 669

Total - L6304 2650 696 3816 1000

Table 5.2.5 shows the status of power generation by the diesel power generation fécilily
at the point of this study.
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Measuring date: 18 August 1996, 13:00 - 19 Auvgust 1996, 12:00

Table 5.2.5 Diesel Engine Power Genceration

Diesel Engine No. 1 Diesc! Engine No. 2 Total

kW p. f. 132 p. £ kW p. f.
Avcrage 581.2 0977 488.6 0.951 1.069.8 0.967
Maximum 7167 0.991 655.1 0.975 1,316.7 0.977 _
Minimum 433.6 0.958 3109 0.910 844.5

- (3) Energy intensity

a. Energy Intensity

Table 5.2.6 shows energy intenéi_ty. '

0.956

“Since no labullatcd dataon purchascd power for each year is dvailabie_for electricily
intensity, it is difficult to grasp the accurate electricity intensity in each process.
The eleclricity intensily was derived from data in July, September, and November,

1995.

Table 5.2.6 Energy Intensity (1995)

Spinning - Weaving' Dyeing and Velvet . - Carpel

Geal10* o’ =

- 939

" Velvel

_ ) _ (R + V) Finishing  Processing Processing + Carpet

© Production ¢ 1250 - - 933 952 1,885
I km L =l 5038 3,187 - 1,851 -
_ 10* m? ~ 7,083 * 4,462 2,591 423

Consumption Eleclricity MWhty 7,286 11,194 2,645 816 2010 -

Fuel “Gealiy! - soo- 41,878 - - 279197

Encrgy intensity  Blectricity  ~ MWnt  © 5.83 . - - - -

: MWhkn S 2.22 0.83 0.44 - -

MWH10* m? - 1.59 0.59 0.31 4.75 -

Fuel Geall - - - - - 14.66

Gealtkm - - 13.1 - - -

. Note 1) Fuel fatio of rayon and velvet was assumed (o be 0.6:0.4 based on the b’oilcr:c'apaci(y.
~2): Total fuel intensity for velvet and carpet. o :

b, Evaluation on the fuel ifitensity of dicsel péwer g_er_xera‘{'ton‘

“The (ue! intensity and heat efficiency are calculated based on the fuel consumplion
and actual power generation result of diesel power generator, and shown in Table

5.2.7.
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Table 5.2.7 Fuel Economy of Diesel Generation

1990 1991 - 1992 1993 1994 Total  Average
Fuel consumption kL 4,260 4,280 4,210 2,220 1,860 16,830 -
Power generation  MWh - 17,071 17,104 16,840 8,814 7416 61,245 -
Fuel intensity I/MWh 250 250 2500 252 258 - 250
g/Ps-h 172 172 72 176 175 - 172
Thermal efficiency % 38.7 387 - 387 - 383 8.5 — 387

C)

l Spsnnmg l
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s Drawing
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- For comparison with the standard fucl intensity, the result valuc is converted by the

fol!owmg formula:

C(LKWH) (kWivHp-h) (g/PS-h)

1,000 = 172

Fuel intensity, 172 g/P’S-h is within the standard range uf diesel power gencralors _

with thé equivalent saalc, lhereforo the operation status is ‘identified to be good.

"Heat encrgy flow

lﬂgurc 524 ShOWS energy ﬂow of major processes in the raycm factory and velve(
faclory '

Figui’é 5.2.4 Heat Encrgy Flow
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‘Figure 5.2.5 shows the system flows of steam and boiler feed water in the rayon factory

and velvet factory.

‘In both factories, the rayon factory is placed as the main base for encrgy supply, which

supplies power and raw watcer to the velvet factory across the public road. Although the
interconnecling piping for steam is provided for any emergency case in either factory,
it is usually closed by valves.

Natural gas as the boiler fuel is individually supplied to each factory and the billing

~ system is individuatly provided for each factory.
- Electric power supply and deniahd

- Eleclric power is supplied by the purchased powe:r line and the private power 'gene'r'a(ing
-plant, which are completely separated. Hence, there is no flexibility in electricity

supply and demand. In terms of the contracted power, the maximum power is adjusted
by Ihe load only, and an advantage of suppressing the maximum power by adjusting

- private power generation is not utilized. Since the unit price of prwale power generallon '

is higher than that of purchased power when supply price of diesel engine parts is taken

© into account, only two diesel power generators are in service. The ratio of the purchased '

power is 70 % Power failures in purchased power occur appn}x;mately 30 times a year

* and each ume is sevcral minutes to 20 mmutes

- At lhe poiit of this sludy, the facility utilization factor (= Average powerlgeneralor

rating output) of the power generatoss is 55 % for the No. | generator and 46 % for the
No. 2 generator, which are fow. However, the light-toad operation is peérformed to
avoid accidents in terms of the problem in supplying spare parts.

_Fo'r the power factor, many condc'nsers are placed in each substation in the factdfy for

power factor adjustment. - ‘The power factor throughout the factory is more than 90 %,
which mdlcalcs a good state.
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Figure 5.2.5 Steam Flow and Feed Water Flow
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5.2.3

Current Sitvation of Energy Management

8

Setting the encrgy conservalion target
Presently, the specific target values for energy conservation have not been set yel.
The reasons are as follows:

+  The energy price is low and the cost advantagés derived from energy '
conservalion actions cannot be expected.

» The producuon has gradually reduccd since 1990, The production m |995 isa
half of that in 19%0. '

Setting the target and promoting aclivities to achieve it is a management technique
comnion to any plant hmnageménl and it is indispensable to high-efficiency operation
of facilitics as well as improvement of facility rehab:hly Even' though the cost
ad\ranlages are low, the cumulative proﬁt in long penod resulting from energy savmg _

“will be Iarge

Selting lhe targel and promoung activities promises not only the cost reducuon cfl‘ect by

_ energy conservation but also improvement of the overall nmnagemcnl level, Therefore,

o many synergetic effects can be cxpecled

@

:(3)'

O'rgz_i_nizéd'activ_i_ties

* Technical Service Depariment is responsible for energy management. It is the only

organization that checks and manages all utilities in a centralized manner on a company-

- wide basis. This Depactment is allowed te promote cross-over activities as required.

" However, organized aclivities for energy conservalion are not yet performed for the

reasons described in (1) above.

“To bring synergetic effects as a result of encrgy conscrvation, a system should be -
i created so that all employees will be aware of lhe problem and promote smalt-group
aclivities sub divided in cach workshop

“We firmly believe that Teehnical Service -Dcparlm'ent will take the lead in the en'er'gy

conservalion to make it a company-wide campaign.

- Data-based management

- Energy intensity management, as the basis for eneigy managenient, is not yet performed,
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As the prerequisites for energy intensily management, measurement/metering of electric
powert, fuel, steam, and utility water is essential but measuring meters for utilities other
than electric power are insufficient. Itis therefore necessary to install neasuring meters
1o check the energy consumption by plant and by process.
Metering contro! is required as the basis for calculation of the product cost, and it is
* uscfut for evaluation of equipment efficiency and for judgment of the limit and allowance
- of the energy generation and consumption capability,
It is also necessary to prepare the layoul of overall metering equipment and then
promote new installation or renovation of metering instrumentation individually or
* together with the modification of production facilities, in a scheduled manner,
Particularly, for calculation of the confamination load used to plan the dyeing process
wasle water treatment equipment, it is necessary to grasp the washing water volume.
Upon selection of measuring meters, il is desirable that high-accuracy, long-life, and
maintenance-free melers should be selected even though the initial cost is high.
Presently, data management is possible for the following: _
a. ElLectricily management
~+  Eleclricity generated by each power generator

+ - Purchased ciéclrici(y.- _

+ ' . Electricity consumption by plant and by pracess
b. Fuel manage'ment

»  Purchased gas amount (for each of the rayon and velvet factories)

«  Purchased fuel oil for power generation

« Purchased fuel oil for boiler (fér'cach'pif_ the rayon and velvet factorics)

. ‘Purchascd kerosene for heat-niedium boiler
c. Water'managcmeni-

'+ Soft water quantily manufactused
. By tabulating these data monthly, the energy intensity per production unit can be

obtained. Gréphin‘g_ the data and the monthly follow-up management wilt be an
effective energy management technigue.
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Education and training of employees

Although the necessary skill (faining is of course being implemented through OJT (_6n- '
the-job training), systematic company-wide training is not yet started.

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

a. Managément attempts to renovate and activate the employees’ awareness 1o
allow the eniptoyees themselves “to recognize how bad the situation is”. The -
~intent is produciwlty improvement, product quality stabilization and
improvement, safety, and working circumstance smprov;mem including, of
| course, enefgy conservation.

~ b. As specific aclivities:

«  Promotion of small-group activitics by each workshop and prcsenlauon of thc
performdnce inside/outside the company '

«  Establishment of a work 'improvemch; proposal system, and encouragement
and enlightenment of employees for parlicipalio_n in the propos_als

' These are positively promoted On a company- wude basis. Por a remarkable pcrformancc

in these activilies, an individual or small-group crrcle is awarded and a bonus is
supplied. :

- Asa chamctensuc of lhe temlc facwry, s(ams on the mlermedmlc product zmd final
~ product result in the production loss and encrgy loss; therefore the drastic “Keep it tidy,
~ neat and c!ean!" Campalgn is bcm_g carned out

Asa lradmonal spml in the Japanese textile mdustry, the motlo “Do not drop a couon

~fly! Pick it up.” has been m‘nerucd

QC circlc aciiv'ilies (i.c. smali -group activities) positioned in TQC (Total Quality
Conirol) in Japanese companies are mlroduccd into many companies, bringing satisfactory
resultsas a powcrfui tool for revnahzing the company and enhancing cost compelitivencess.

Also, through lhe small group acuvmes. standardization of operation and plant maintenance

~ can be rev:ewed thus allowing technology transfer from experts to beginners. ‘In this
way, v:gorous acnvaues are continued on a long term basis every year.
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Equipmeént maintenance

Technical Service Department has established the maintenance system by purpose and
by function. The production equipment and major utility facilities such as the dicsel
power generators, and boilers are checked periodically, overhauled, and seplaced on the
part basis according to the preventive maintenance method. Auxiliary equipment such
as pumps and steam traps are maintained with breakdown mainienance.

The ¢quipment maintenance status totally has no problem but we found inadequale
points in steam leak, steam trap mainlenance, and heat insulation for piping, Power

~ consumpiion by blowers and pumps sometimes accounis for 20 to 30 % of total power
consumption, and lacge reduction in power consumplion may be possible by promouon

of the streamlined equipment maintenance system,

After the present process requirements are grasped, matching of blowers and pumps to

“the optimum operation point and allowance of component specifications should be
“studied and thereafter correction actions should be taken upon overhauling or renovation.

Since these do not require particular energy conservation cost, the actions can be taken
“with the normal facﬂny mamlenance cost.

' EFs(al:rlu‘.hmcnt of the streamlined equipment maintenance system \wll improve total

reliabllaly of the facililies along with the nmarkable energy conservation cost advamage.

A maslen file for major faclhues anid individual components should be prepared thereby -
‘to make the maintenance record each hme. Thus, the master f:!e will become a powerful

too! for supporung equnpment mamtenance sys{em.
At least, the foi'lowing drawings are required for cquipment maintenance:
+  Hlectric power fécility

+  One line' diagram

s Plant wiring route diagram

«  Power load layout
»  Stéam and service water ‘ |

-+ Piping schematic diagram

«. ' Piping route diagram
e Steam lrap layout dlagram and dram recovery piping schematic diagram

“Equipment maintenance described above should be implemented as a part of jObS in
Technical Service Departnment,
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Problems and Measures in Utilization of Encrgy

Comparison with an excellent plant

There is not sufficient data on energy consumption for each type of production.
Thercfore, the energy intensity of fiscal year 1995 was estimated by supplementing
it with spot data. Table 5.2.8 shows comparison between the energy intensity of
this company and that of an energy conservation type plant in Japan. :

Table 5.2.8 _Comp.al"ison of Energy Intensity

‘Spinning  Weaving . Dyeing and - Carpet
R+V) Finishing - Processing
MWhit  MWHhI0m? MWHI0’ e MWh/10' m
Electricity intensity = Kashan 583 158 0.59 "4.75 " Electric power only
Japan 3.06 0.26 0.13 T 761 for production and
' © boiter, '
Including the fixed
amount for water
and waste water
: : o o o facitiiies.
C Gealt Geal/10°m?. Geal/10® i Geallt
_Fuel intensity Kashan o - : - 9.39 14.66
: “Japan - - - '0.94 - 9.44

Note 1% The energy intensities forl R, lran arc based on Table 5.2.6. Fuel consumpuon for the
: carpet processmg covers also that for velvet processing. (welght ratio).
©© 2): The intensitics for Japan were based on the data quoted from large-scale lextile
' 'compames The intensilies for carpel processmg were based on the data quoted from
. the companies exclusively engaged in carpet procgssmg. The intensily per unit area
~ was calculated using the specific weight of 2,250 g/m?,

" Rvaluation of energy intensity

The energy intensity for spinning, weaving, dyeing, and finishing processes at this
company (excluding carpets) is 2 to 1€ times that of the plant in Japan.

- The energy consumption measurement for each process is necessary as a prerequisite
~ for comparison of engrgy intensity. The lack of this data significantly lowers the

accuracy and reliability of the measured energy mlensuy The poss:ble factors for

:the fluctualion in ihe energy mtensny are as fo!lows
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2}

- Figure S 2.6 gives an example of mdwxdua! elecmcny intensilies in 2 typical |

Spinning process

Raw material in the process and blending ratio

Spinning yarn count number and spinning process conditions
Spinning equipment productivity

Production yield

Operation condilions and operation rate

Load facter of air conditioner, dust collector, cotton collector, ete.
Management of daily operation

Weaving process

Material and weight per square meter of work in process

Production performance of weaving machine

Weaving degree

Performance of auxilary eqmpmcnl such as an air condmoner and campressor

- Operating conditions and rate of operation

Rate of defeclivc fabric occurrence

Dycing process .

: Matenal and welght per square meter of work in process
' hmshmg condmons :
* Dyeing density -

Dyeing systent (batch conlmuous) and performance

~ Re-processing rate

D:ffercnce in lerms of managemem

' D:fference in waler supply and wasle water lrealment system and scale of _ '

the equnpment

' : Avallablhly of a waste heat rccovcry syslcm

spinning process in Japan:
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Figure 5.2.6 Electricity Intensity ofa Spinming Mill (an example)

Blending .and scutching: .11 MWh/l (29 %)
| Carding: 0.20 MWt (4.9 %)
= Comhiné: 0.25 MWH/t (6.2 %)

| Spinning equlpment Prawing: | - 0.04 MWh (1.0 %)
2.95 MWht (73.5 %) Prespinning: 0.14 MWIVL (3.4 %)
¥ ‘_ -1 Spinning: 1.70 MWHt (42.4 %)

Winding: 0.47 MWt (11.7 %)

Cthers: 0.04 MW (1.0 %)

Entire spinning procéSS ' -
4.01 MWhit (100 0 %) | Air conditioner !
0.62 MWL (15.5 %)

: Refrigerator
-1 0.28 MWL (6.9 %)

- || Lighting
LY 0.16 MWt (4.1 %)

* Source: Data from Japan Spinners” Association

The energy intensily is estimated based on the model data obtained by calculating
_ the electricity consumpuon of the 40 s, comber yarn, 50,000 spindie plant.

Figure 5.2.7 indicates the actual result vatue of el_cclricity intensity for each unit of
& typical weaving plant in Japan. ' '
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Figure 5.2.7 Elcetricity Intensity for a Weaving Factory (an example)

(Unit: MWH/1,000m?)

Preparation
0.02 (6.2 %)
~Air jet .
0.06 (20.3 %) 84 units
W_eaving machine
0.22(71.5 %)
Looms o R
672 it
0.16 (512 %) uas

Entire weaving |
| process

'0731 (100 %)

Air conditioning
0.04(11.3%)

Lig_hling‘ o
0.02(7.8 %)

Others
001 (3.2 %)

" Data on the present consumplion of efeclncny, fuel oil, natural gas, and steam is a

‘precondition for ihe evalualxon of the cnergy mtcnsuy in every factor.

As mentioned ab'o_vé;'lhem Afe a great many factors which influence the encigy

intensity, thus making it difficuit lo:conlpafe the plant with an excellent plantunder

the same conditions. It is not so difficuls, however, to improve energy mlcnsuy by
at least 30 % through remforc:,mem of the daily managemem

Ilé:_ns which contribute to the improveme"ni of the energy imebsily in each process

- are outlined below.
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(2) Increasing the productivity of the spinning process
a. Cusrent problems

1) Large amounts of pneuma waste produced on the spinning machine as a resuit
of yarn breaking

The amount of pneumatic waste produced each month in fiscal 1995 was
. approximately 8.0 %, as shown in Table 5.2.9. '

T able 5.2.9 Pneuma Waste Generated on Spinning Machine

Yecar Month ¢ Pure Product (kg) ‘Waslte (kg) ' Rate of Waste (%)

1995, 4 75,954 7,719 9.2
5. ' 116,911 ' 10,828 8.5

6 108,082 10,041 ' 85
7 : 125,842 ' 12,682 SR B

8 " 70,155 6582 | 8.6

9. 107,518 - 4629 . A

10 o 107818 6472 o 57
1 1235060 S oe3l | 13

12 106,869 ‘ norz 9.3
19961 110,435 10,176 8.4
g 1,2 | 10,196 83
3 84,768 7,897 8.5
Tetal 1,249,790 E 108,553 8.0

The pneuma waste amount in Japan is as follows:

v Cotton 100 % (Card yam) 151020 %

+ " Cotton 100 % (Comber yam) 1.0to 1.50 %

+ Polyester/Cotton 1.0 % or less

._T_hc above difference _i.s‘caused by a large amount of yarn breaking on the
‘spinning machine, as oullined below. :

2} - A large amount of yarn brea_king
- ‘The yarn breaking at lhis plant is a8 follows: |
+ Polyester/Rayon (yarn count 30) 40 picces/1,000 sp/h
+« Cotlon (yarn count 28) 110 pieces/1,000 sp/h -

+ Couton (yarn count 20) 160 pieces/1,000 sp/h
+ Polyester/Colton (yarn count 20) 140 pieces/1,000 sp/h
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In comparison with the above plant, the yarn breaking at the plant in Japan is
as follows:

« Under average management conditions 235 pieces/1,000 sp/h
« Under well-managed conditions 10 pieces to 15 pieces/1,000 sp/h

" This lower rat¢ of yarn breaking is directly linked to the reduction of pneumatic
wasle. -

b. - Measures
A draslic measure is required for checking the maintenance of factors such as the
spinning conditions and spinning machine. - This report, however, studics the
measures which can be adopted at the present time.
1) Improvement measures with the air-conditioning system

® Reviewing the room temperature and humidity standards

The moisture content ‘of colton and yarn of the work in cach process is

adjusled by the air blowmg conditions and (he amount of the blown air of

the air conditioner, The moistire conient of yarn is closely relaled lo yam
breaking and the amount of cotton fly produced. The control index of

moisture conient is decided for each process unil. Figure 5.2.8 indicates_ ‘

the standard momure content ofm -process producl in each cotton spinning
process. - . :

Figure 5.2.8 Standard Moisture Content of In-process Product in Each 'Sbiltnii:g Process -

13)
12
SO RN
$10
2 9L
g gl e e
S - Standard moisulre content
g 6 of cotton yarm (8.5 %)
% st Ve L Viscose (11 %)
41 _ ~ . Polyester (0.4 %) -
3l ﬁ CActyl 20 %)
2f e '
l : : -UI " . . .' . — ! L
g g g £ § & ¢
8 g’ﬁgg §§ %;f’.‘-
383 YV & & & B §#
o 5 X

Data by Mr. Haven

~360—



Table 5.2.10 indicates the measurement values of temperature and humidity
and the control standard valves of each process at (his plant by spot
measurement. Table 5.2.11 indicates the general standard temperature and
humidity in cach rayon mix spinning and cotlon mix spinning process.

According 1o these data, the relative humidity generally tends to show a
low trend. In particular, the humidity of pretreatment and posl process of

the spinning process is extremely low.

Table 5.2.10 Measured Valies of Temperature and Tlemidity in the Spinning Process

Unit  Dataltem DB (°C) RH (%)

* Scutching STD - L
Spot 295 412
Carding STD 25.1 ~27.8 50 ~ S5
' Spat @ 308 502
@ 28.9 512
Fliee ~ STD . 255~218 50~ 55
Spot @, | 309 52,2
® 32 . 498
® 305 52
.. Sensor w9 . 51
Ring ~STD 300~333 48 ~ 52
7 Spot © 320 452
® - 320 50.9
_ @ 315 . - 54.4
Twisier  STD 2s5.218 60 ~ 65
' Spot . ® . 328 438
e 337 art
- Ambicnt 356 186

Note: STD @ Standard value
Spot Spol measurement value
‘ Sensor. Valiies indicated by temperature and humidity regulator and sensor
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Table 5.2.11 Standard Temperature and Humidity for Each Process

Process Bleading and  Carding Drawing Pre-Spinnihg Spinning Winding
Scotching
“Product Type
Rayon mix spinning Temperature (°C) 20 < 30 20~ 30 20 ~ 30 20~30 0 H0~3D 20 ~ 30
Homidity {%) 0~15 60 ~ 65 60 ~ _65 60 ~ 65 55 ~ 60 65~ 70
Cotton mix spinning” Temperature (°C) 20~ 30 20~ 30 '_20 ~30 20 ~ 30 20~30 - 20~30
Humidity (%) 55~60  S55~60 55~ 60 55 ~ 60 55 65 ~ T0

@ Correcting the relative humidity standard value

The moisture content of yarn under the current operating conditions is
measured and the attempt is made to raise the humidity standard values for
" each process according to Figure 5.2.8 and Table 5.2.11.

@ Correcting the installation position of the temperature and humidity automatic
conlrol sensor :

The sensor in use at present is instatled rather high"'él app’roiimately 2m
from the floor: Therefore, the sensor can be dlrcct!y af t‘ected by alr flow
" frorn the cellmg dlschargc opemng :

. reconsnderanon of the sensor position and its rclocahon to.a placc .
sunable to process is recommended. ' '

® Imprqﬂng the spray cf[icicncy

Since there are air conditionér spray- noizlcs that are not niounted in the
same direction, a uniform spray effect cannot be expecled in {he current
state.

Also, the nozzle caps are repaired by welding and drilled to make holes
every time they wear out, making it difficult to obtain a uniform spray
pattern. '

Thé siandard spray s'peqiﬁcation_s of the air condi.libner are as follows:
e One spray nozzle is mslalled per 25 cm? of cross- secuonal area.

+ The diaineter of nozzle hole is 3 mm, '

+ The spraying pressurp is1.5102 !-\g.fcm2 {G).

* The spraying angle is 80 °.

- Polycarbonate resin is favorable as spray nozzle cap material because of its
weéar resistance.
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* The spraying efficicncy is evaluated by the saturation of the air at the air
conditioner outlet, Figure 5.2.9 indicates the difference in blown air
saturation efficiency according to the spray bank arrangement of an air
conditioner. The dry-bulb temperature {(DB) and wel-bulb temperature
(WB) are measured periodically, and the saturation efficiency is calculated
using the formula of 7)s given in the figure.

The saturation efficiency will be 90 to 98 % by a 2 bank back current.

‘Figure 5.2.9 Saturation Efficiency by Spray' Direction

.
- . , 3 =!i;g=lz?l1
i‘_: "|—“ INLEF DRY BULB :t‘,* . UR {l.'%‘l i -
- : 2 Ns= Saturation efficiency
WET BULB .1} OUTLET |
LED : . . :
Adiabatic saturation change
. 2,400 mm "y : S 2,300mm ; ' 2,[00 mm
- 750,600, 1,050 | . leﬁr 1200 _ 'Boo_ 1,050 _ 750,
b B ' < |
=1 > I I r—:—* - R i -
4.4 - h 1 k-
2bank back current - -2 bank parallel current, . 2 bank back & parallel current

M= 90~98% O M=80~90% = 85~95%

W

® Spinning‘Operalion conirol

“The stable quality and productivily are maintained by operation control

which can provide matching control for operation, lcl_llperalufc and humidity,
- and equipment. Table 5.2.12 gives the operation control items:used in
" Japan.: : _ N SR



Table 5.2.12 Operation Centrol I{ems in the Spinning Process

Opecration |, Running control’

controf

Prevention of the
occurrence of a defective
progduct due 1o a trouble

" in spinning operation.

I Chcékihg the spiﬁning
condition
To detect an abnormal
spinning a1 an earlicr
stage by an operator's
pateolling

2. Checking the working
of operator
To check the standard
working of the operator
by the person in charge

I. Removing a defective
product.

2. Repair and adjustment
of a maifunctioning
machine.

Re-training of employees

with regard to running

operation.

-2, Temperatuse -
- and humidity
“control -

To codtrol the
temperature and humidity
so that the oblimum _
spinning covironment can
© be obtained in each
" spinning process.

. Controdling temperature
and humidity
To measure and récord
the temperature and
humidity for cach
process and control the
temperature and
humidity by means of
air-conditioning

© equipment.

2. To examine the
moisture content in all

" the processes.

To adjust the equipment if
it is out of the proper
range,

To h.umidify' using an
auxiliary device when

* homidity is stit}

insufficient even by
temperature/humidity

gcontrol,

3. Me¢chanical’
control

© . Tocontrol the :
- maintenance condition of -
the machine in order to

" maintain and improve the
“product quality and
spinning-out condition.

Toisurely perform lhc: :
periodical maintenance of

_the maching and strictly. -
"observe the replacement.

cycle for parts and
devices for operation by -
using the mainten_ancc.'
book 61_' check sheet.

2. To replace or adjust a

1. Tocarcy oul a
preparatory plan to
obseive the S
malnlenance or :

- reptacement ¢ycle. . %

&

" defective pan, ¢te. at '

the time of periodical
maintenance,

‘The control cycle of imporlant eperation control items is as follows: -

i

+ Moisture content cont
.+ Pnéumatic waste volume control:

- count)

+ Spinning machine yarn breaking conirol:

count)

rol by eac_li process: Once/month :
Every day (for each material and yarn

‘Once/month (for each yamn

+ Temperature and humidity record for each process: Every day (by a
person in charge of operation)
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Stable opcration is cnabled by recording these control data in the control
diagram and performing follow-up control.

The operating conditions can be stabilized further through detection and

correction of uneven temperatare and humidity by measuring the distribution

of temperature and humidily, and studying the air flow in the spinning yard
- ONCe a year. '

c.  Estimated effects by adoption of the measures. _

1) Reduction of pneuma waste rate -

The pneuma ivaste rate in Seplember and Oclober 1995 was approximately S0
% of the yearly maximum vatue. It is necessary to confirm whether this is
-accidental or recurrent by analyzing past data,

The target value (3 %) of yearly average preuma waste rate is expected to be
attained. The improvement cffecls of this measure on eleciricity mtt,nsnly is
calcuhted as follows. -

Reducuon of pneuma waste rate: 8% -» 3 %o
Amount of input j 1,249,790 + 108,553 = i 358,343 kgly
Reduced pnuema waste amount 1, 358 343 % (8-3)/ IO{} - 67 ‘_)17 kely
_ Sincethe yleld will imprave from 92 % ta 91 %, lhe electricity intensity, which
~ will be as fotlows, is improved by 0.3 MWh/1.
. 5.83x0.92/0.97 = 5.53 MWh/t

- Besides the above, a 68 t/y of productivily improvement and reduction of
. - cotton flics loss in overall processes can be expected.

Electric power conservalion by stopping (he return fan of air conditioner
a. Present situation

: Table 5.2.13 shows the air conditioner seiting conditions and electric power load
for each process ai present. Figure 5.2.10 shows the structure of the air conditioner.



Table 5.2.13 Al Conditioner Seiting Condition

" Total

Spinning ‘Other
No. of Units kW Process No. of Units kW
Twister i 92 Weaving 7 188
‘Ring L 97 ' Finishing 3 27
Card 1 105 Dyeing 1 9
Velvet and preparation I 19
3 294 Total 12 243

Figure 5.2.10 Configuration of Air Conditioner

“Supply fan
__/

{r
AR
-

- Exhaust «-— -~ =— Qutdoor air

L

& 5
Supply air

Rc.lu'm air ‘9\1’,_:: i
_ | . :Ig ey

ot

ITY XL

\ _ Airwasher

Return fan

" In summer, the intake of outdoor air will be 100 %. On the other hand, 100 % of
“thie return air is discharged outdoors. The heat load is high due to power equipment.

.in the room for the spinning and weaving procésses, and the intake volumc of
outdoor air is high for qune a long pencd ' -

Problems

- Although the return fari is used for discharging the retuen air outdoors, it need nol

‘be used in some portions. “The electric power consumplion’ of the return fan is _

' esumaled to be appmxlmalely 20 % of the entire air conditioning system.

'Mcasure's _

It is possible to stop the return fans at a ﬁoin_t where this will do not affect the
production quality and when there are no scattered waste yarn and lies. The twister -

air conditioner and about half of the other air conditioness in the spinning process
may be stopped.  After confirming the oulcone, it is advisable to increase the
rumber of réturn fans (o be stopped one by one.
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When the intake volume of outdoor air is 50 % or more, it is preferable to stop the
return fan and have only the required return air volume taken to the air conditioner
using the suction stalic pressure of a supply fan.

When the return fan is stopped, it will be necessary to discharge the room air to the
outside. The existing entrance/exit can be used as the opening for this ferced air
exhaust. Ohterwise, a forced exhaust by vemllallon fan system on the wall is
commonly used. ‘ '

Although there is basically no problem in the measures for automatic control of the
existing air condilioning system, a test should be done first.. For, a dynamic
characteristic check of the automatic controtlér. Any prbbiéni that might occur can
be corrected by setling the slatic pressurc d:fferencc at the damper of ouldoor air
intake or by some other method.

d. Estimated effects

1) Effects of slopping the return fans

» Electric power of return fans which can be stopped

Rayon: 92 kW x 0.2 — 18 kW
© ‘Others: 243 kW X 0.5 x 0.2 = 24 kW
- Total :: - _ a2 kW

¢ . Number of days for which the return fans can be stopped: 100 dfy'

2)  Along with the reduction of the air feed volume from sununer to mid-season,
. consideration should be given to whether it will be possible to forcibly stop one
.. of the two return fans.

Réduc‘mg the heating load during winter

“There isa possibility 0(' reducing 2"» to 30 % of the heating steam load by prevcntmg the

Ieakage of air through the gaps between vanes and the gaps between the vanes and

~ casing of the open air intake and discharge damper.. The problems of the equipnient can
“be detcrmmcd by oiling and inspection of the openfclose of dampers periodically.

“Waste heat: rccoi'ery

a.  Current problems
1) Flash steam is produced from the condensate recovery junction tanks installed

in all locations. Condensates of two sizing drycrs of the weaving machine in
rayon factory are wasted.
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2)  The dyc and washing hot waste water produced during the dyeing process are
directly discharged to the drain.

3} The 400 °C of exhaust gas from a dicsel generator is discharged to the
atmosphere and the hot waste water of cylinder jacket cooling is returned
naturaily to the pool and cooled.

b. Improvenent measutes
1} Effective use of the recovered condensaté heat

Cl) The flash steam of the junction tank in the current state must be caused by
* sheet leakage of the steani trap and leakage of the steam trap bypass valve
of the dyeing process machine.

" Itis advisable 1o replace the defective steam trap by daily maintenance in
the carly stage, perform maintenance of the bypass valve, and, if possible,
to remove the bypass valve. In this case, proper treatment capacuy of the
steam trap is Necessary, SRR

" ® There aré cases of steam flashing caused by damage o1 falling-off of the

condensate injection pipe in the condensate recovery tank or by defects in
- the system design. - Figure 5.2.11 shows the standard condensate flash
suppressing method.

‘Figure 5.2,11 Recovery of Flash Steam

| Qutdoor exhaust <-4y - O,u_t'doo'r exhaust “*”*“““*{:-h

e o o -S.rAay.‘Coo!cr.'
/Bgmpipg R /Q .

_ [:_:: —r—Makeup -
o . : : water
Condensale — i - Condensale s
Ty

Returm:

Condensa!e n,cmcry tank ' Condensate TR Condensate
: “tank . pump
- Current situation © After modification
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@ The amount of condensate generated by the sizing dryers of weaving
machine in the rayon factory is appmximaicly 0.4 t/h (0.2 t/h X 2 units = 0.4
t/h) per unil. It is advisable te connect it to the recovery main pipe at the
carliest opportunity.

Waste heat recovery from hot waste water in the dyeing process

" Hot waste water is produced at the desizing machine, scouring machine, and
- dyeing machine during the dyeing finishing process at the rayon factory. A

farge amount of hot exhaust heat is produced by the desizing, scouring, and
dyeing operations from the yarn- and roll-dyeing machines in the velvet

- factory.

The waste heat discharged during a standard operation amounts to 251030 %
of the entire amount of steam used. Itis possible to recover 50 % of the waste
heat by a heat exchanger. '

The greatest concern in wast¢ heal recovery is to procure a system that

provides a 100 % effective use of the recovery heat. Figure 5.2.12 shows the
concepiual diagram of a system for recovering and using the waste heat.
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3} Recovery and utilization of diesel engine exhaust heat
Of late, there is a global trend of introducing cogeneration into diesel generator,
and the overall efficiency including the use of exhaust heat in this arrangement

exceeds 75 %.

‘Figure 5.2.13 gives an example of the heat balance when the exhaust heat is
récovered from the diesel engine.

Figuré 5.2:13 Ieal Balance of Cogeneration

oss 24.'i %

Generated steam heal
25.6 % :
18,243 Mcal

~ Hot water recovery heat
150% -
10,656 Mcal

 Power generation
347 %
28,787 Meat -

Heavy oil
calorific
value
2,982 Mcal

-

: The niost popular me{hod of using lhe exhaust heat of a dicsel engine is
: lmplemcnled in‘the following manner. At first, stcam is taken out from the
~ . exhaust gas by the exhaust heat boiler. The, the exhaust heat of cooling water
“of the cylmder ]acke! is taken out as hot water of 50 °C by a heat exchanger.

AEstimated_ ‘effects

Table 5.2.14 summarizes the estimated effects to be achieved by efficient use of the
heat loss.. ' o
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Table 5.2.14 Summary of Estimated Effects by Waste Heat Recovery

Consumer of

utilization of
diesel engine

. waste heal

» Fuel for power generation

1,860 kL.

' Waste gas recovery

héat 125 %

1,860 % 0.15 x 8,500

" x 10" = 2,483 Geal

* of Fuel oil 4450 kl.7y

Natural gas

261.4 % 10" m¥y.

or Fuel oil 267.0 kL/y

~ No. Item Calculation Basis Recovery Heat Effect
_ Recovery Heat
@  Enhancement » Fuel 69,797 Geally 69,797 %03 x0.2x08 Natural gas Boiler feedwater
©of -« Condensate generation = 3,350 Gcat 352.6 x 10° 'y
condensate rale 30 % or Fucl oil
recovery rate  » Flashing rate 20 % 360.2 kLty
+ Boiter efliciency 80 % ‘ _
‘@  Recovery of  + Fuel heat value 69,797 x 0.3 x 0.5 Naldrq! gas Process hot water
waste heat of 69,797 Geally " = 10,470 Geal’ 1102 x 100 mYy supply
washing + Retained hcét_ of waste ) ot Fuel oil
water in the fluid: of the total catorific 1,126 KLJy
dycing value 0%
process « Recovery efficiency of
heat exchanger 50 %
@  Recavery + Power generation © 860 % 0,25 x 8,900  Natural gas Steam generation %
- and 3,162 MWhiy  x 10° = 4,139 Geal 435 % 10° m¥y -

Process hot water

“supply

+ Jacket recovcr'_y' heat 15 %

20,442 Geally

Natural gas
CZ25 x 108 mYy
or Fuel oHl

2,198.2 kLJy

1) Effec!i#e use of the recovered condensate héat -

In the calculation given in Table 5.2.14, only the amount producéd by re-
evzip_ora(ion of condensate is counted front flash steam from tank.’ Aciually. o
however, thers is a strong possibility that the steam will be discharged as itis %
due to trap defects. If this happens, the heat loss is even greater. b

A tie-up networking bétween the rayon and velvet factories will be necessary
to establish the system for both recovery and use.

2) Wasle heat recovery from hot waste water in the dyeing process -

Reducing the waste water temiperature by waste heat recovery is also convenient

© to perform biochemical treatment for the dyeing waste water.

3) :_R_ecovéry and utilization of diescl engine exhaust heat

If the hot water is to be recovered, the pipes must be installed ﬁp to the site of
use. Therefore, the recovery and use of the diesel engine exhaust heat should
© be implemented after studying the cost efficiency, -
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Improving the boiter combustion

Table 5.2.15 indicates the measurement results of the exhavst gas temperature and.
oxygen content in exhaust gas of the rayon plant’s No. 1 boiler (20 Uh) and the velvel
plant’s No. 5 boiler (10 t/h).

Table §.2.15 Exhaust Gas Tcm.pera!ure and Oxygen Content in Exhaust Gas of

M

No. I Boiler at Rayon Plant and No. § Boiler at Velvet Plant

Rayon Factory = - Velvet Factory

Lixhaust gas lemperature - as2eC w0
Oxygen content is exhaust gas ‘B8 % 6.3 %.

When the measured oxygen content in the exhaust gas of rayon plant (8,8 %) and velvet

© factory (6.8 %) is expressed by air ratio, it is equivalent to 1.65 and 1.43 respeclively.

The air ratio for boilers of this type is specified between 1.2 and 1.3 according to the
standards in Japan, and this value is equivalent to 4.5 % in terms of oxygen content in

* exhaust gas. I the air ratio of this plant is adjusted to the standards of Japan, fuel can

be saved by 2.3 % and 1.2 % respectively.” If this saving ratio applied to all boilers
during operation at both plants, the calculation result will be a total of 1,340 Geally. In
this formuta, the annual natural gas consumption of the plants is alloited according to
the c‘apacily of'boilers' during the operation of both rayon and velvet plants. In other
words, 72,017 Geally x 0.6 x 0.023 = 994 Geally is obtained for the rayon plant and

72,017 Gcal/y % 0.4 x 0.012 = 346 Gcah‘y for the velvet planl the total is 1,340 Geal/

y.

Reinro'rcin'g the heat insulation -

- The steam plpes are provided wnh heat insulation in the plani. The accessory valves,
however, are ot heat-insulated. The amount of heat emission will be significantly

reduced with the increase in insulation thickness if insulation is provided on these non-

: msulaled portlons lﬂgure 5.2.14 shows example of this calculation.



Heat emission (keal/lVm-pipc)

Table 5.2.16 and Table 5.2.17 show the results of the heat emission calculation by
assuming the number of steam valves inslalled in this plant. These tables assume the

Figure 5.2.14 Insulation Thickuess and Heat Emission (an example)

&0 l l H
— _ |
Assumptlions:
600 Inside temperatore, °C 160 | _
' Ambient tem pecaturs 3o
_ Heat price, yeniAlcal 5
. Pipe size, inch 3
400 Annsal nterest 5% 5
] Insulation matzrial Raockwao!
: Economical thickness, mm 18
200 ‘ T
\\m‘_‘ i
o L : - I | ;
0% 20% 40% S0% 120% 166% 200%

~ Thickness (percentage (0 Japanese standird thickness)

" heat emission from non-insulated portions around a valve to be 50 %.

Table 5.2.16 Assumtd Numiber of Bare Valves

No.  Size (Pipe diamcter)  Equivalent

.Num_berlof Valves

Length

Nomimal = Actval - Length, FG10 -: Boiler House ~ !_.incs for Calculation
! 300 L3185 1.91 4 1.62
2 250 267.4 1.76 10 _ 17,63
3 200 216.3 1.68 . 10 16.80 -
4 150 165.2 1.50 30 © 20 1500
s 160 143 127 50 63.50
6 80 89.1 1.25. 100 12500
Table 5.2.87 Ca!éufat_cd Heat Emission from Bare Valve Surface
No. Ambient  Susface Emissivity  Pipe Area Heat Transfer Coefficieat  Unit Total
Temperature Temperature diameter  Length '-_Con\‘ecilién' Radiation Heat Heat -
i 30 128 09 0.3185 76 . 4880 7.820 1245 9493
2 30 128 09 0.2674 176 4880 7820 . 1,046 - 18,429 .
k| a0 128 0.9 02163 168 4.880 1.820 TO846 14,209
4 30 128 0.9 0.1652 - 750 . 4380 7.820 646 48,447
5 30 7 128 L 09 01143 63.5 4880 .7.820 447 28,380
6 30 128 09 00891 1250 4830 ' 7.820 348 43550
Subtotal . y ' 162,508 . -
* Bare pipes around these valves ate assumed to be 50 %, " 81,254
Grand total - 243,162
kcal/hfm keal/h
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Since the valve has a complicated shape, the straight pipe length equivalent to the valve
surface area is used. The fuel reduction amount of boiler resulting from providing
insulation will be 2,162 Geal/year (= 243.762 kcal/h X 0.9 x 8,760 x 0.9 x 0.8) based on
the heat emission calculation given earlier (under conditions where: heat emission
reduction rate is 90 %, annual operating rate is 90 %, and boiler efficiency is 80 %).
Moreover, this effect is equivalent to 0.4 vh in terms of steam amount.

Air compressor

“Table 5.2.18 upper section shows the result of electric power measurement of the air - -

comipressor at the velvet plant. This measurement was conducted from August 18

(16:00) to August 19 (10:40). *The air compressor operation condition during this

period is as follows: Capacity control by simultaneous unload of three screw type
compressors from August 18, 16:00 toAugust 19, 10:40; capacily cordrol by simultancous

* unload by the above three compressors and an additional reciprocating compressor after

August 19, 10:40. The capacity control is performed by pressure, and 5 kg/em? (G) is
used for on-load and 6 kg/cm? (G) for unload. According to the measurement results,
the load per one screw type compressor is 41 kW dunng on-load and 17 kW dunng

. unload.

‘The method of conlrollmg the number of compressors is suggested as an :mprovement '

" ‘measure. This method divides the compressors into base operation machinesand load
'adjuslmeul machmes and increases the number of base operauon machines as the load
~ increases. The load fluctuation is adjusted by the load adjustment machines. Table

5 2 18 lower section |nd1cates lhe results of this trial calculation,
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Table 5.2.18 Power Measurcment Result of Air Compressor at Velvet Plant and
Trial Calculation for Improvement Plan

“Measuring date: 18 August 1996, 17:00 - 19 August 1996, 12:00

Before Improvement

Time Maximum Power ~ Mean Power  Minimum Power  Start Frequency  Operaling Time
(kW) (kW) (kW) {min)
17:00-18:00 . 1203 88.7 50.6 23 32.6
18:00-15:00 - 121.9 20.9 51 25 253,
L 19:00-20:00 - 121.5 73.6 . 51.5 27 18.9
©20:00-21.00 1219 _ 69.6 50.5 21 ©16.1
21:00-22:00 122 103 51.2 21 L 162
22:00-23:00 123.2 - 69.3 51.2 23 15.1
23:00-24:00 124.1 69.9 : 51.2 1 | 15,4
00:00-01:00 1233 _ 69.5 50.8 22 15.5
01:00-02:00 228 72.5 51.2 27 179
02:00-03:00 123.2 68.8 512 24 147
03:00-0400 C123.2 69.2 _ - 50.4 24 . 155
© 04:00-05.00 1228 , 7.1 . 508 23 16.9
© 05:00-06:00 1229 67.2 - 50.8 19 . 3.7
06:00-07:00 1231 66,8 . 50.6 _ 19 . 13.4
07:00-08:00 1256 - - S 123 C 532 M4 158
08:00-09:00 1285 - 882 - 533 S _ L27
09:00-10:00 1238 . - 999 - 52.6 29 .. 399
10:00-10:40 1232 92.6 T s24 16 . 208
C10:40-11:00 - 1433 ©o108 589 6 116
13:00-12:00 C143.9 0 1022 - 589 19 . 306
Average* - 1230 . . 513 : e

~ After Improvement

Time = No. of Basé Units - On-off Units * - Operating Time ~  Mean Power - Saving Power
o (min) (kW) S (kWh)

17.00-18:.00 1 2 377 ¢ B8.7 - 00 '
C18:00-19:00 i 1 15.9 ‘639 1o
19:00-20:00 0 2 - 56.8 i 564 ' 172

L 20:00-21:00 0 -2 - 48.2 ' 528 | . 168
21:00-22:00 0 C2 48.6 ‘532 . oLt
22:00--23:00 0 .2 45 sy 17.2
23:00-24:00 0 2 - 46,2 52.8 171
00:00-01:00 0 2 46.4 52.6 16.9
¢1:60-02:00 0 2 53.6 o 55.5 - 17.0
02:00-03:00 0 2 44 - L1 I A YA
03:00-04:00 0 2 46.5 - 524 . 1638
04:00-05:00 0 2 50.8 54.2 “16.9
05:00-06.00 0. 2 T .40.9 50.2 . 170
106:00-07:00 0 2 40,2 : 499 169
07:00-03:00 0 2 415 . 54.6 1.7
08:00-09.00 | { 27 - : - 104 178

- 09:00-16:00 1 2. 596 99.9 4.0
__10:00—10:40 : 1 2 225 £9.3 . 2.2
10:40-11:00 2 -1 " 1.87 99.7 .28
11:00-12:00 1 2 50 95.0 7.2

* Total ' _ 268.5

Note:  Average from 18 August 1996, 17:00 to 19 August 1996, 10:00
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This improvement can reduce the electric power consumption by approximately 270
kWh pet day. This is a reduction of 64,800 k\Wh assuming the operations days per year
are 240 days. The improvement expense is only for the erder control device, and almost-

‘nocostisrequired. The future subject of study is the compressor on/off control. If there

are not 0o many start and siop operations, the clectric power consumption during
untoad operation can be reduced by simply performing a complete stop of compressor
itself.

Before carrying out this measure, it is necessary to supply compressed aic at the
appropriate air pressure and flow rate by petforming the following items: '

» " Review of air blow cleaning
«  Air leak check
+ - Appropriate pressure setting -

‘The air volume for air blow cleaning is especially high at this plant. The method applied
here is the use of air pressure just for moving dust, which is a wastage and degrades the
working environment. We strongly suggest an improvement of this cleaning method.
The same il’én}s should also be studied for lhe'aif compressor of the rayon plaht.
Integration of utility supply system

The supply energy cost will be reduced by intcgrating't‘he atitity supply systems at the
rayon and velvet plants. ‘In addition, the following merits can be expected.

+ " Reduction of personnel due to a centralized daily operation control
+ = Improvement of allowance of equipment capacity and maintenance cost
+ - High efficiency operation of equipment and machines

" To achieve the above, the following measures are required: -

»  Establishment of backup system for trouble situations
«  Addition of measurement system for production cost management

This study will be uscful for rationalization nieasure§ when the plant is modified or
expanded in the future. o ‘

Summary of proposals

Table 5.2.19 gives the summary of the above proposals.
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'Tahle 5.2.19 Summary of Proposals

' (Japanecse Yen base)

Evpecied Saving
Fuel Elechvicity Total Investment Payback
tem . Million  Million - Period
‘ Million Million . ‘ :
; en/ en Year
Ky eary % MWRY ooy % yenly
Reduction of pneumatic waste - ' 37548 38 ¢ 160 38 o o
- omate ) ) . ‘ C o
Stopping of the retura fan - : S 101 1.0 0440 1.0 0 0
© Recovery of waslke heat . - D :
. Enhancement of condensate 360 6.1 4.5+ - 6.1 C 6.0 10
fecovesy 1ate . Lo ) . o :
Recovery of wasle heatof 1,126 LA 14,24 - 19.1 40.0 Al
washing watkct in the ; o ) :
dyeing protess _ : . :
Recovery & utilization TF12 12,1 G0 - 12,1 S0.0 - 4.1
of diesel engine waste .
heat - C . _ i : }
Improvement of botler atr ratio i47¢ . 25 T Lge - 25 0 0
Enhancement of heal insulation 23827 4.1 o . - . N 158 39
Contrel of the pumber of air compressors — - &5 0.7 0.3%12 0.7 0 0
" Total . 2,583 4319 326 541 5.5 23 494 18 23
(Iran Rial basc). _ _
Expecied Sawiég _ : o
- Fuel Electricity TFotal invesiment Payback
liem v - ‘Miltion  Million Period
Fooll Million . Miltion ) Rial/ Rial Yeir
Ky Rialy % MWMY iy %o TOW :
Reduction of preumatic waste - 3750 38 1640 38 - 0 ¢
rate . .
Stopping of the retum fan - [01#* 10 0.4 i 0 0
Recovery of waste heal
Enhancemént of condensate 360 7 454 - 27 105 39
FCCOVEry fale .
Recovery of waste heat of 1,126 24 1420 - - 84 00 8.3
washing watwer in the
dyeing process :
Recovery & wtilization () 33 (9.0)%% - [e2)] (875 (16.5)
of diesel engine waste
heat ] .
Improvement of bailer air ratio 147¢! 1i 1.9+ - Vi .0 0
Enhancement of heat insulation {238)+! {8) @Q.opr - {18) (2T (§5.4)
Control of the pumber of alr compeessors - ) .65 7 0.3 7 0 -0
Toltal 1.613 122 20.6 $41 55 23 173 805 43

#1130 % 10°7 (9,000 % 10" = 147 KLty
+2 2062 x 1044 (9,100 x 10) = 238 KLSy

*3 1,280 kL/y x 9,300 % 10 keal’lkL + 6,322.7 x 10° m¥iy % 9,500 keal!m?

9,100 x 10" kcal/kL

3017914 x 100 =4.5%

0 512677914 x 100 =142 %

5 2/ 7914x 100 - 90 %
16 14777914 100 =19 %
7 23877914% 100 =30 %
43 0.3 MWhix 1,250 Uy = 375 MWhy

19 42KW x 24 hx 100dy = 101 MWh'y _
410 375747286 + 11,194 4 2,645 + 816 + 2010y x 100 - 1.6 %
)] ROV /{7,286 + 11,194 + 2,645 + 816 + 2010} x 100 = 0.4 %
€12 65/(7,286'+ 11,195 + 2,645 + 8164 2010)x 10003 %

Energy price in Japan:
Fuel price:

17,000 yen'kL
Electricity price: 10 yea/kWh

Enc¢rgy price on lran Rial base:

Fuel oil: |

75 RialbiL -

Electricity: 100 Rial/kWh

Exchange rate: _l.750 Rial = } 1S Dotlar = {00

Investment cost is based on that in Japan.

lapanese Yea’
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6.

6.1

6.1.1

RESULTS OF THE STUDY ON THE FOOD INDUSTRY

Results of the Study at Behshahr Industry Company

Outline of the Plant

(n

@)

- (3

)

L (5)

(6)

‘Plant name

Behshahr Indusiry Company

Plant address

7 km Karaj, Oid Rbad, Teheran

Number of employees

Approximately 1000 including:

6 process engineers
1 _hea:t nmarlagemEn{ engim:ze_r
3 electrical en.gineeré
Majo;i b(oaubts _
Seybean oil,? s'uﬁﬂow_er oil and cotton sced oil,
Thcir.t:}pes:_ c‘OmPrise 90 % (}f h)’/drogen's.lled. oil and 10 % of rc_fined oil.
Productio:} cépaéilj

1,000 vd

200,000 ty
Production process

Raw 011 is |mporled from Brasnl or Argéntine and refined at this company where no oil
-extraction from the sced is conducted,

The imported raw v oil is heated wilhout any degummmg, and neutrahzed by causuc soda
solution in the continuous neutralization process whers I‘ree fatly acid, gums trace
clements, coloring matters are partly removed.
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For their removal, a Wesltfalia type centrifugal separator is used. The oil is, after being
removed of the water content, transferred to the vertical type bleaching tank. Acid clay
is added to the oi! to adsorb and remove coloring matters such as chlorophyll, and
residual soap from the preceding neutralization process. The ncutrcalization, drying and
bleaching processes are conducted in vacuum at a temperatare from 65 to 110 °C.

At this plant where hydrogenated oil is mainly produced, the oil after the decolorization
piocess is fed to the hydrogenation reactor. The hydrogenated oil, from which the
catalyst is removed, is then sent to the new and old two lines of the deodorization
" processes. At the deodorizer, the oil is heated to 260 °C and gels steam 1o be blown in
" under vacuum, thereby to make odorant substances, etc, evaporate together with water
© vapor.

The oil after passing through the deodorizing tower is subjected to a filtering finish in
“the post-bleaching process. 'After being cooled, it is applied to the votator and filled
into the packer to come out as a product.
At this factory, 10 % of the bleached oil is deodored after the dewaxing process and
subjectcd to filtering finish in the post-bleaching process Thereafter the oil is cooled

to be salad oil, which will be packed asa fma! product. -

Fi’gure 6.1.1 shows the process flow.
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Figure 6.4.1 Process Flow

Natural gas
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(N

(3)

History of the plant

History

Based on the 1st Economic, Social and Educational Development Plan, this factory
was transferred (o the private sector from Iran National Industrial Organization in
1992, which management was commissioned (o Behshahr Industrial Development
Group and a board of directors of stockholder federation.

* Behshahr Industrial Private Joint-Stock Co. was founded in 1953 with a capital of

55 mitlion R:al Since then, it has gradmlly segregated the business until it has 14
companies affiliatéd with i1, which are each engaged in refining of vegetable oil,
manufacture of detergent, can manufacture, chemicals {(medicing) manufacture,
oxygen manufacture, and sales. In 1969 the production was increased from 170
Vd te 230 /d in 1969, and furthermore in 1979 equipment for 400 t/d was additionally

- installed. 'In 1993, the hydrogen manufacturing method was changed from the

hydrogen electrolysis process to the natural gas reforming process.
In 1995, a deodorizing tower was additionally installed, and a hydrogenerating -
equlpment now is under construction. "After completion, it will ensure a capacity of

1,000 vd.

This factory is the largest of 15 vegetable oil facto,ri'e.s in the country, occupying
about 30 % market share. The factory area is 280,000 m%.

Current situation of the indusiry

-Thefe are 15 vegé!éblc oil hclorics'in LR. Iran, which producéd 675,000 t/y in

1994. Raw oil production by the oit expression and extraction process acounts for
only 7 %, while for (he remammg 93 %, raw oil is mlpor(ed to be refined.

The demand for \{egetable oil rcgislers an annual incrcasc rate of 3%, currently
amounting to 800,000 v/y. Although at present the insufficiency is supplemented by

products imported, the country is expected to be self-sufficient 10 years later.

There is an industrial association, where information exchange is available.

Plant layout

Figure 6.1.2 illustrates the plant layout.
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Figure 6.1.2 Plant Layout

Sz
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E" | | : anks pool anks E_[AEE .

}%a\.tan Company
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Cooling

” 1oWcer
. I — | No.3 I oo -
n . ' _ S .. Office
Dicsel | Diésel cnefation station ' o ' &
: _! 8 ) ! ’ [:_[’)J . o K green yard

. [No.'l l No.lBoilefpiantinNc_mh‘sla!ion' S ' Plaﬁl#‘z
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: : SR _ .. | : Warehouse - Wasle waler
‘ " e : - ) treatment !
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‘ E):I Heat media plam ' ' P : : . -

(9) One line diagram

Figure 6.1.3 shows the electric power one line diagram.
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(10} Qutline of major equipnient
Table 6.1.1 shows the outling of the major equipment

Table 6.1.1 Major Equipment of No.2 Plant

Nanie “Number - Specification

Neutralization

Centrifuge 3 Westfalia 300vd x 3
" Dryer : : 2 ' o
Bleaching , . _
Tank . 1 : Co’nﬁnhous \gcrlical _lype with an agitator. 40 to 60 Torr
Hydrogenation ' ‘ ' o
Reactos 4 38 ), 500 /d, 6-8 hbaich
4 ‘Now under additional construction wnh lhc same

specifications as above. 300 vd -

Deodorization D N _
. Deodorizer o ' 2 Continuous, 300 b'dx 2,3 Torr
1 Continuous, 400 Vd, 3 Torr, Double shell
DESMET _lype; with an economizer
Packaging _ _ S S ' '
Emulsifier _ S 17 Vorator _ . o
" Hydrogen Plant = B 1 Natural gas water vapor reforming process,

PSA scparation, 1676 m¥h
: . _ Hydrogen purity S-nine
- Waste Water Trealment . S 200 mi%h processing
SR ' * Air floatation, Chemical’ lreatment
_ Aclivated sludge treatment
- Utility : o D _
Diescl Geaerator © - 6 [ 1,000kW.x3 Vollage: 400 V
: ' . ' 2,250 kW x 1 Voltage: 6.3 kV
_ 2,850 kKW x 2 Voltage: 6.3 kV
Boiler : _ : 10~ Firing by natural gas
43 kg/em?, 45 vhx 2
{1 kgfom?, 22 ¥h x 3
1) kglem?, 13 vh X3
: _ H kgfem?, 100vhx2.
Steam turbine o 1 Condcnsmg extraction melhod 2,500 kW
© ¢ Steam’ pressute 42.[,8!] 1.25 kg/cm{ _

1y En.ergy price

* Electric power: 40 Rial/kWh
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Natural gas

~ Gas oil

(12) Study period

a.

1 26 Rial/m?, 9,800 kcal/ny

: 30 Rial/L, 9,800 kcal/L

Preliminary study: Seplember 23, 1995

“b.  Plenary study: August 1¢io0 14, 1996

(13) - Members of the sludy'gmup

‘a.

JICA team
Leader : Mitsue Iguchi (Preliminary study)
Leader : Norio Fukushima
- Process management technology @ Shire Honda
Heat management technology . Jiro Konishi

. Heat management technology

: Takashige Tamguch]

" Electricity management technology : Kazuo Usui

Energy policy
Energy policy

: Toru Kimura (Prellmmary study)
.+ Shin-ya Udo (Preliminary study)

Database and eneigy uullzauon pl'tn Kao;u'Yamagu_chi__(_Preliminary study)

PBO team

Economrc evaluauon

: Shigeaki Kato {Preliminary study)

hnergy conservation o ~: Mr. Mazhari

Micro level energy mamgemcm Mr. Mianji

Macro level energy management Mr. Azizi (Preliminary sludy)
i'actory managemcm : Mr. Sajadlfar

(14) Interviewees

M.

Mr.
- Mr.

M.
Mr.

. Nourai

. Yousef Pour’

. Féhiminiya

. Hatefi

. Berenji -

. Fathi

Micmortazavi

Alavizadeh
Givard -
Fazel *
Harirchi

‘Macro level energy management Mr. Mohamadzadeh (Prel:mmary siudy)

Managing Dicector (Preliminary study) -
: Power Generation & Distribution Managcr
: Deputy of M'magmg Director .

~ t Production Manager
1 Electric, & Instrument Manager

: Head of Meéchanical Mairitenance Depanmenl

i

¢ Head of Packing Department

: Chemical Engineer -
: Process Engincer (Preliminary study)
: Chief of Boiler Depariment

: Promotion Methiod Engineer (Preliminary study)
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6.1.2  Eunegy consumption

(1) ' Tread of production amount, energy consumption and encrgy intensity

a. Production
Tabte 6.1.2 shows the trend of production amount.
Table 6.1.2 Production
Fiscal Year 1989 i990 o 19.91 1992 1993 ‘ ]99“_3 | 1995
Production ()~ 117,907 143,020 155389 158,244 167,000 200,000 245100
b.  Energy consumption

* Table 6.1.3 shows the trend of energy cdnsump!ion.

Table 6.1.3 Eneljgy Consumption

1989 1990 1991 1992 1993

1994 . 1995

Gas oil (L) 10475726 8,836,990 ¢ 1,816,648 7,191,214 6,459,972 i
Natural gas (m') 22,000,000 45,090,000 39,710,000 40,670,000 65,460,000 70,620,000

Electricity (kWh) 37,240,000 47,440,000 53,270,000 43,057,000 48,042,000

- For Behshahe

41,046,740 36,671,804 35,288,412 33,734,000

46,510,000 36,983,260

133,400,000 © 27,451,260

--387—

" Steam (1) 453,491
. According to the actual resulls in 1995 the annual electric pbwér balance is as
~ shown i_n-Table 6.1.4. '
Table 6.1.4° Electric Power Balance (1995)
Supply unit: kWh'y
- Privately Generated - -
; - : : - " Purchased Total
Engine House " Turbine - - total o _ : : _
22,413,760 12,122,500 34,541,260 pao0 | 36983260
- Consumption : unit: kKWhiy
Paxan Behshahr . Total
9,532,000 27,451,260 " 36,983,260 _



Table 6.1.5 shows the tesults of measuring the electric power supply and demand.
The electric power on the load side measured by the integrating power nicter of the
distribution board, and the power factor measured at a different time is used. The
power consumed in the entire factory is 3,200 kW, with the power factor 76%, at
which time no power was réccived from the external power line,

Table 6.1.5 Measurement Results of Electric Power Balance (11 August 1996)

Equipment Name . Elecltic power (kW) =~ Power factor

“{Supply side)

" Steam turbine power gencrater 1,860 0.30
Dicsel power generator No.l © - 380 ' 0.85
' No.2 530 - 0.57
No.4 1,480 0.72
In-house power generation meier 4,250 0.74
Purchascd clectric power 0
Total g C 4250 074
{Load side} ' IR .
Refinery No.l L - 970
Refinery No.2 _ 1,010
Turbine house o _ S 220
Pump house - : o 410
~'Diesel house L .70
well S T80
Others ' 260
* Behshahr ot 320 . 076

PAXAN 1,030

- Table 6.1.6 shows the actual resvlts of private power géheraiion in 1990, _

Table 6.1.6 Annual Private Power Gexiéra!ioﬂ and Annuat Utilization Factor

Capacity Power Production  Ulilization Factor

Generator Wy Mwey) (@)
Diescl No.1 1,000 _ 1,702.7 : 19.4
¢ Diesel No2 . oo .. 1,2207 13
- Diesel No4 . 2,850 59750 239
- DieselNoS - 2850 - 73560 295
Diesel No.6 1,000 183438 20.9
Diescl No.7 2250 2,581.3 13.0

- Diesel total © 10,950 ' 20,670.4 21.5
Turbine . 2,500 12,7440 58,2

_ Generation total 13,450 ' 33,414.4 28.4
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C.

Energy intensity

Table 6.1.7 shows the trend of consumption each of electricity, natural gas, stcam
and water, while Figure 6.1:4 iltustrates the trend of electric power intensily.

Table 6.1.7 Electricily, Natural Gas, Steam and Water Inteasity

1990 1991 1992~ 1993 1994 1995

'c!;’

Fiscal ?car
Electric power (kWhit) 287 236 23 202 167 B
Natural gas {m¥t) 315 - 256 251 S 392 ‘353
" Steam (V1) ' 1.85
Water (V1) 2.60
Figure 6.1.4 Electricity Intensity
500
250
g 200
-~ !
150
i 100 .._J i : L - a N i
©o19%0 - 1991 ©1992 - 1993 1954 1995 -
: : Year .
“The result of ¢lectricity intensily reveats that it decreased rcmarkably in 1995 as
shown in Figure 6.1.4. According to the explanation of the factory side, this drop
is due to the increase of production amouni. Natural gas inlensity is as shown in
‘Table 6.1.7, where it is found to have increased since 1993 when the hydrogen
manufaclunng method was switched to the natural gas reforming process. Gas oil
intensity has been decreasmg since 1990, which is because of the decreaqe in diesel
engine Opcralmg hours and the first prefen.nce for the use of mose efficient diesel.
(2) Energy flow by 'process

Figure 6.1.5 shows the energy. flow. Figure 6 1.8 shows the steam consumpnon des:gn
vatue for production of 500 ¢/d and 1,000 vd, -
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Figurc 6.1.5 Encrgy Flow
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Table 6.1.8 Steam Consumption and Steam Intensity

. 500 vd 1,000 t/d
Production . o
Average (kg/h) Intensity (kg/t)  Average (kg/h) Intensily (kg/t}

Deodorization 3,600 173 5,400 130
Post bleaching 100 5 _ 200 . 5.
Hydrogenation 2,300 110 4,600 - 110
Bleaching 3,140 : 151 © 6,280 151
Alkali refining 2,070 00 S 4,140 99
Total

- 11,210 : 539 £ 20,620 0 . 495

" {Design value)

6.1.3  Situation of Energy Management -

M

Setting the target for energy conservation

To starl energy conservation activities, the top management of the company must define

© energy conscrvalion as one of major management targéts, demonstrating serious attitude

and cnthusiasm for energy conservation to the cmployees . This will convince the
employees that making efforts for energy conservation wnll conform to the policy of the
company, and will motivate them for posuwc cfforls

- When pohcy is shown by these top management, nefe abstracl instruction for energy

(@)

consérvation is riot sufficient; specific largel values and the deadline for achlevmg the
goal must be shown to ihe workerq In response o these instructions, each section of the
factory should set up the concrele targets for individual items which can be taken charge
of within the scope of the rcsponsnbnhly, so that the overaH target can be achieved. Only
after the target has been set, concrete action plans to achieve the target can be worked
oul, including study of various approaches preparatuou of the programs; and assignment

" of the works.

However, setling the largel requires correct information on the current energy consupmption
in the factory. This factory has no concrele plan set up yel.

Before setting up lhe target, ll is necessary (o have a correcl undcrsmndmg of the energy
consumption of the factory -
Systematic actions

At present, no commillee for promoting energy conseivatiﬁn has been set up. Energy
conservation activitiés should be systematically performed. The approaches for energy
conservation include company-wide efforts, technical development by the staff, and a
combination of these two methods, that is, a systematized way of actions,
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Inorder 1o push forward with the systematic activities, in many cases, a committee is set
up where representatives of each division and engineers have lateral communication
with one another to make studies. This close tie-up system allows them to thoroughiy
understand and verify annuval encegy consumption, so that they will proceed with
various efforts such as analysis of numerical values to achieve the targel, system
modification, cquipment investment, sciting of the test plan, systemalized cooperation
of related depariments, cte. Thus, they can be kept fully informed of annual projects
and the priorily plan (o offer a prompt cooperation. In this system, it is recommeénded
that the accounting system should also prowde data. The cffect of energy conservation

" Is, in many cases, evalualed in terms of cost reduction. Hence, these energy conservation

o

(4)

aclivities should be implemented systematically. In this regard, the current siluaiion
needs to be further reviewed. . '

18O 9000 serics is an international standard for quality control system, whose implementation
" method is recommendable as well for energy conservation. Based on the policy of the

top management, cach division’s operation acuwues are coordinated, thus permlmng
improvements to be made. '

Data-based anagement

- Fhe first step ofenergy conservation stants with an accurate understanding of the energy

utilization situation for each process. “To this end, energy consumption should be first
measured, Withoiit méasured values, neither dala control can be performcd nor w:ll
any good idea on amprov_cmcnt occur,

. In this factory, they perform technical control for individual processes, and have ma'ny
“experienced engineers, who proceed successively’ with improvements of cqulpmem

The equipment management is also in good condmon As a future theme, it is
recommended for them to make further data ana!ysns and thereby lmp'lemcm a systematic
mam_gcmcnl ba;ed on da{’a : : ~ .

Education dnd 'ttaining of employces

For cducanon and trammg of cmployces on energy conservanon itis lmportam to start

with education of the m'magemenl class and gradually spread it down to the eriployees. -

It is vilatly impottant o make every one understand that energy conservation leads to
cost reduction, It is equally necessary to raise their consciousness concernmg the fact
that energy cotiservation efforls are getting mcreasmgly tinportant in terms of global
euvironmental protection. In this plant, a training center is provided, which demonstrates
their great interest in the education of the employees.

It may be also recommendable to award commendation to employces who offered

~ effective proposals.

" In addition, it is advisable to collect information on the latest energy conservation

technology as well as to offer opportunities for their studies.
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6.1.4

Sy

Equipment management

Equipment are comparatively well maintained.  Since heat insulation of équipment is
necessary for energy conservation, vessels and steamn pipings with much heat radiation
should be insulated.

Problems in Use of Energy and Countermecassres

1t

" Comparison with a Japanesc excellent plant

Energy intensities of a Japanese refmcry by process are rough!y as shown in Table
6.1.9. :

Table 6.1.9 Encrgy Intensity by Process in a Japanese Oil Refinery

- Steam - Electri¢ity

_ kg/t-oil kWh/t-oil

Neutralization | 2000250 15t020
Bleaching : 50070 s

Deodorization 30 t0 120 30to 50

Total S 33010440 501070

By conlrast wnh this, thc energy mlcnsnty of Behshth lnduslry in l99i ts 1,850 kgll for

steam, and 112 kWt for clectricity respectively as shown in Table 6.1.7. Of these, the
cleciricity intensity for the refining process is eslimated at appmxlmately 69 kKWivt,

‘which is at a level nearly equal to that in Japan. Since steam consumption by process
‘is Aot avallablc the consumption in the refmmg process is unknown. Evenif it includes

steam consumpuon each for power generation angd hydrogen manufacture, which may

B ‘be supposedly only about 64 kg/t-oil and 42 kg/t- -oil respectively, the steam consumiption

-from which these values are subtsacted is estimaled to be still as targe as 1,744 kg/t-oil.

Thus vaIuc is 3.6 times larger than that in Japan, even assuming the steam consumplion
for other aux:hary facilities to bc 20 %,

Moreover i in this pranl. a Dowlherm boiler is empioyed to preheat oil in the deodorizing
process. On lhe other hand in Japanese planls, where no Dowtherm boiler is employed,
heating is performed by steam, whlch is also included in the figure. The steam

* consumption is, however, not so high in Japanese piams due to the advanced lechniques

of recovering heat of the deodorized oil.

The design values of steam consumplio'n at this plant are as shown in Table 6.1.8,and . -

" the design intensity excluding that for the hydrogenation process is 385 to 429 kg/t-vil,

which is nearly identical to the standard value in Japan. Therefoic it may as well be said
that there is no difference due to the process or equipment.
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As for the scale, the capacity of Japanese hydrogenation plants is about 500 vd, which

is not so significantly different from that of this plant. The daffercncc in lhc material -

does not influence so much the energy mtensuy either.

In Jap:m, hydrogcna!cd oil as a product is mainly for margarine with a melting point

ncarly identical to that of this plant’s product, which makes no significant difference
either. Rather in Japan, active carbon is used and the rcﬁning degree is higher.

The steam intensity in the refining process is grcally mﬂuenccd by factors such ds the
performance and operation of (he vacuum equipment and the heat recovuy from lrgated

" oil. Therefore, these factors are consideted to make such a significant difference in

encrgy intensity. In Japancse plants, an energy conscrvanon conmmlec is setup to
procccd with company-wide encrgy conservation activities, presemmg many lmprovcmenl

~ case examples,

Heat insulation

The Thermal Video System is available for mcasuring the surhce'tunperature of an
object without havmg (o cornitact it. This measuring instrument receives the infrared ray
radiation from the object’s surface with a camera and displays this received image on
the CRT screen in color showing the temperature distribution. It can also record the
image as a still picture on a floppy disk.

The infrared visual display allows one to view dynamical'ly' and facially the surface
temiperature of the equipment and steam pipe. I is also capable of showing the
temperature distribution of any scclion in a graph.

When we visited the company this time, we used the Thermal Video Systém to capture
the external appearance of the bleaching process pipes. Figure 6.1.6 is an example of
the images. The red poriion is the steam pipe and ils temperature is between 90 and
130 °C,
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Figure 6.1.6 Surface Temperature of Steam Pipe by Infrared Visual Display
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It was observed that in the boiler plant of this factory, no heat insulation was provided
to the steam valves and flanges. Based on our observation of these valves with no heat
insulation, we calculated the heat emission. Table 6.1.10 shows the calculation results,
adding 50 % loss of heat from the uninsulated part near the valves.

Table 6.1.10 Heat Emission fram Power Plant

- Grand total

Boiler-1 Boiler-2 Boiler-3 Total

- Valves
Number 15 10 6
‘Size range 1-6 3-8 4-38 Diameter, inches
Emission loss 25,587 39,455 8,190 73,233 kcalh, total

" Bare pipes arpund these valves are assumed as 50 % of valves. 36,616

Total of valvés & bare pipes: 109,849

. Tank surface
Number 2
Emission loss 184,069 184,069 kcalfh, total

; 203,918  kcalth

Notes: Surface temperature of valves & pipes was taken as steam temperature. -
- Ambient temperature was laken as 40 °C.

- Providing heat insulation on these parts will sharply decrease the heat loss in accofdance: :
with the increase of heat insulation thickness. Figure '6.1.7 shows the calculation .

example,

" Figure 6.1.7 lnsu'!'_aiion Tln_ickness and Heat Emisston (An example) '

- 1800

—~ 1600
o2
"E 1,400
.E'“ $,200
g 1,000
g l._ .
£ 800
5 : .
= 400
2000
L0

%

T
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‘Thickness (percentage to Japanese standard thickness)

A L&
Assumptions; B
Inside temperature,*C 200] |
E Ambicnt temperature, °C 30
— THeal price, yen/Meal ir
m Pipe size, inch 10
’ _ Annual inlerest 3%
S T T nsudndion mateeial Rockwoal
—JEconomical thickness ©olong
i JLAald
1
L i -
20% 40% © 80% 120% 160% 200%



(3

An annual reduction in boiler fuel by providing heat insulation, which is obtained from

the above-mentioned heat emission calculation, will be 2,607 Geal (= 293,918 X 0.9 X

8,760 x 0.9/0.8) (assuming that heat emission reduction is 90 %, annual operating ratio
is 90 %, and boiler efficiency is 80 %). This reduction effect will be equivalent to 0.5

t/h of steam,

‘Adjustment of the vacvuming level of the deodorizing process

The steam ejector is used for vacuuming in both neutratization and deodorizing processes
A's indicated in Table 6.1.8 Steam Flow, the consumption is particularly hlgh in lhe

deodorizing process.

Since coloring is used for hydrogenated oil in this company, the color value cannot be

- compared between its products and the products in_Japan. However, we did not find

much difference in the smell.

Under the deodorizing conditions at this company, the vacvuming level was 3 Torr at
our investigation, The vacuummg level of a hydrogenated oil plant in Japan is 6 to 8

" Torr.. Therefore, we believe that the potentiat for energy conservation is high if the

vacuuming level during deodorizing is reduced to 6 Torr. Figures 6.1.8 and 6.1.9 prove

-~ that most of the substances which smeli can be climinated on an equal level in both the

cases of 3 mmHg (Torr) at 260 °C and 8 mmHg (Torr) at 265 °C for the ester group,

. hydrocarbon, chlorine hydrocarbon and organic snxcon compounds The level of
~¢oloring caused by the 5 °C increase in temperalure can be ignored. It will not present

a major problem in terms of quahty

: If the vac‘numing fevel is reduced f fom 3 Torr 0 6 Torr, the steam volume 1o be used by
" the steam ejector can be cut down by 60 % to 80 %. The steam blowing volunic will not

" change much even if the vacuu:’ning levelis ch'angcd to 6 Torr. .

.....

@ separate study is necessary
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Figure 6.1.8 Vapor Pressure of Organic Compounds (Esters)
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Figure 6,1.9 Vapor Pressure of Organic Compounds
(Hydrocarbon, Chlorinated lydrocarbon and Organic Silicon Compound)
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Adjustment of ejector stcam pressure

At present, steam of 10 kg/em? (G) is used, while in Japan, steam of 7 kg/cm? (G} is
used.

An cjector is often extravagantly designed. Therefore, it is recommendable to perform
tests to reduce the sleam pressure in successive phases by monitoring the vacuum level
after making the effort 10 reduce as much leakage air as possible,

~ If the steam pressure is dropped from 10 kg/em? (G) to 7 kg/em? (G), approximately 30
- % of the steam flowrale can be reduced as shown by some actual example records.

Barometric condenser water temperature conlrol

The cooling water (barometric condenser coaling water) of the steam ¢jector used in the
deodorizing process is sprayed to the spray pool, cooled, and then supplied again.
Figure 6.1.10 shows the ayout of the spray pool and water temperatute measurement
result, : ' '

X Figure 6.1.10 Spray Cooling for Baromelric Condenser Coolant

‘_ ||#I Returm .
#2 Retuin - ﬂ_—— - | %4

= @ O

=

3-Spray pum

© 2-Feed pump

B l E . Spray cooling pool (40 mi, x 49 mW x ImD=1,600m%)
To #2 plant . ' ‘

Temperature méasurement;

Point Content 'Tempcrature

[Al  #2rcea 24
#2Rewm g4
[€] #2&MmRewmmiea 3
[} Ambient M 4% Hemidity

~ Approximately half of the spray pool sprinkler nozzles are clogged. The temperature of

the water from the pool was 24 °C (atmospheric lemperalure 34 °C) at the time of

~measurenent, The temperature can be adjusted closer to the wet bulb lemperature by

using a cooling tower equipped with a ventilation fan, For example, the condenser

~cooling walter of the turbine is controlled at 21 °C.

B




The driving steam volume of a booster is greatly affected by the cooling water temperature
of the No. 1 barometric condenser. In other words, the vapor should be compressed by
a booster to vapor pressure of the water under the water temperature of the barometric
condenser. It is necessary to use the lowest possible cooling water temperature Lo
reduce the use volume of driving steam. The ejector vapor can be reduced by approximately

15 % as indicated in Table 6.1.11 by lowering the cooling water temperature from 24 °C

to 21 °C in the barometric condenser. When the cooling tower is used, it is necessary

- to select packing which is not easily clogged since the cooling \fvatc'r becomes very
Cdinty,

‘Table 6.1.11 Relationship between Barometric Condenser Cooling Water ’lcmperalurc '

and Ejector Steam Amount

“Temperalure

°C 0 15 20 25 . 30 34

Steam Amount for Drive kgfh 200 250 330 425 585 120

150 /@ for the deodorizing cquipment

" The steam consumption in the refining mill is not grasped yet. However, taking the

measures mentioned in the above items (3) to (5) can reduce steam for the ejector to 83
kg/t-oil, s'aving 267 kg/t-oil of stcam assuming that the steam consumption for the

i ‘ejeclor is 25 %, or 350 kg/t: 01! of the esumated steam intensily of the refmmg pmcess

(1,400 kg/t-oil).

350 % (1 - 0.6) x (1 - 0.3) X {1 - 0.15) = 83 kg/t-oil

There are a number of actual cases in Japan wheré the final ejector is replaced by the

- vacuum pump. Whether or not the vacuum pump should be adopted instead of final

+ ejector must be determined hy comparmg the eleciric power and steam unit price rates.

(6)

The water sca!mg type Nash Hylor pump may be smlable as a vacuum pump.

" H, circulation of hydrogenalion process

- The c;rculauon of hydrogen is carried out in the hydrogenation reaction tank of

hardened oil manufacturing in Japan.  As shown in Figure. 6.1.11, the fmportant

‘ lechmque is (o usé the reaction booster for preventing a fire hazard during non- -feacted
: hydrogen circulation and for i 1mpr0vmg the mmng effect.

"The reaction tinie will bg about half and the steam consumplion \'.:fill be reduced by
.. approximately 65 kg/t-oil compared with conventional type hydrogenation equipment.

in the case of batch process, cﬂergy con_sumplio'n by de-aeraling at every inilial stage is

" high. However, it is expected to be reduced by continuing the pracess. The continuous

hydrogenation process is not performed in Japan at present because the reaction completion
control method is not yet finished and apparently it is difficult to obtain a constant
quality. We should consider this matter according to the trends of global technological
development in a fulure long-term plan,
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Heat exchange of deodorizing tower refined oil and raw material oit

Normally, treated oil of 260 °C, which was deodorized in the tray in lhe deodorizing
tower, first exchanges heat with the bleached oil in the tower to ¢ool it down. Then, it
exchanges heat with the refined oil outside the tower, and it is further cooled dawn there
by water.

The heat utilization is accomplished through heat exchange using deodorized oil and

" bleached oil cutside the tower in the new deodorizing tower. The old system does not
" have the heat exchange equipment of raw material oil.  Since there is a plan for

replacement oftheold deodonzmg tower, the heat exchange equipment can be mtmduced
at the time of this replacement.

Also, the Dowtherm boiler is used for coil heating of the deodorizing tower. In Japan,
however, a high-pressure superheated steam system is used instead to preveat health

hazards due to mn.mg of dangerous substances.

Boi!er turbinc syélcm

: Two high-pressure 45 kgfcm type bo:lera are installed and connected to the condensmg
- exlraction turbine. anurc 6 1,12 shows the flow and measurement results of this boller
- turbine syslem ' :
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a. Improvement of stéam temperature of steam turbine
The designed value of the steam teinperature at the turbine inlet of the power plani
is 346 °C as indicated in Figure 6.1.12. Tt has dropped to around 310 °C due to a
trouble in the supetheater in November 1996 and was 275 °C when we measured il
in August 1996. If this stcam temperature is increased, the turbine output will
increase. ' '
If the steam temperature is increased to 346 °C, the turbine output will increase by
12 % at the base in November and 31 % at the base in August although this is based
-on various assumed conditions. The comparison table usmg this example is given -
in Table 6.).12, '
Table 6.1.12 Steam Temperature on Turbine Ouiput Power
Actual/August  * Actual/November Studied
Main steam , _ .
Pressure kglem? s e 45
Temperatere  * °C s SRS VT N _ 316
 Flow vh 30 30 | 30
Extraction steam _ R . ' B
" Pressure C kglem? nme- - N6 11.6
_. ' Ratio T _ 8% . . 8% 85 %
‘Poweroutput PR . S
OQutput . kW LS 1,787 © 2,001
% increase 10 August Base , ' B 3%

‘% increase to November -~ 0 . = T - " "Base ' 12%
H N . . . .

Notes: Actual/August for steam temperature at field survey on August
' ‘Actual/Noveniber for steam temperature at November
Studied for steam lemperalure desrgned

The thermal efficiency at the hlgh pressure portion of the turbine is about 50 %
including the boiler efficiency, and this is higher lhan the Diesel generator. Therefore,

' theenergy conservation can be achieved by reducing the Diesel output corresponding

fo the increascd amodint of turbine ontput, .

Boiler heat balance

We havé attemptéd to calculate the boiler heat balance based on the measured -

values of the boiler exhaust gas. Since we could not oblain the boiler fuel flow rate,
we set the fuel volume so that the value in “Other losses™ in the heat balance resuit
1able would not be an extreme value. Table 6.1.13 indicates the heal balance '
assum'ption value and Table 6.1.14 indicates the heat balance result. It should be,
however, noted that the superheated stcam temperature at that time was extremely
low: 284 °C, |
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‘Fable 6.1.13 Data for Beiter Heat Balance Calculation (Boiler No.S)

i Natural gas '
TFime, begin 1100](s<tin Emission option
Time, close 1200} four digits) d:JiS fonmula 0.73%
Time, howr oo ¢:Calcutated 0.17%
Boiler capa th (Rated) _ ~_ m:Manuvally { 1.4%]
Base temperature 30 o Adopted ~ 0.17%
‘ lhm _ C Unit Amoual, Jhour  Pressurc abs - Temperature Enit heat
Fuel combusiion heat m’s | 2;100 ' 2,100 - - 9,491
© Fuel sensible heat keal 2,100 2,100 - 38 3.18
© Burner air m’nwet © 31,439 31,439 - © 38 2.48
" Invasion air m’x wet 0 g - : 38 248
- Exhaustgas- - 'y wet 33,695 33,695 - |__ 216 l © 6092
- CO loss o mN\\eL R o - - © 3,018
" Economizer inlet feed ke = - - 50 115 ~116.1
Boiler-in feed kg 30 000 30,000 115 "116.0
Drum blow kg 0 | - 1715
Outlct steam 30 000 30,000 44.0 284] 692.5

_ } Drynce.s% |Supcrhealcd
Fuel amount was selected to get suitadle miscellancous loss in heat balance.

. Table6.1.14 Boiter Heat Balauce (net heat value based) (Boiler No. 5)

Heat-in -~ O : .- Héat-out : _j- _ . Natural gas

keal/m?y ~ kealh % . kealim?, kcalth %
Fuel calorie ©9.490.5 - 19,930.0?l - 0958 S(e.am generated 8;234.5 11.292,447 86.40
~ Fuel sensiblc heat 32 - 6,673 003 Dxhaustgasloss ~ 977.4 2,052,601  10.26
© Airsensibleheat 372 78,020 039  COloss 00 -0 0.00
Totl 95308 20014765 10peo - Emissionloss 157 32,903 0.6
' A Sub total 9,227.6 « 19,377,952  96.32
B Miscellancous 3032 636,813 3.8
Boiler efficiency ‘ : ‘ e DY : :
: - : : " Total 9,530.8 20,014,765 100.00
infout method ‘ 0P 8640 % S =

Heat loss method . 39,58 %

" The oxygen content in the exhaust gas of this boiler is 6.4 % and the exhaust
gas temperature is 216 °C, suggesting thal the thermal efl‘icicncy is not bad.
The Japanese standard value of exhaust gas oxygen content is 5 % and that of .

_ lhe exhaust gas lempcrature IS 170 °C.

_ Figure 6.Ir.l3' shows the measured results of the exhaust gas and water feed

' -volume of the l'ow-pressui'c boiler No. 11. Table 6.1.15 indicates the boiler
~ heat balance of boiler No. 11,
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Figure 6.1.13 Boiler No. 11 for Process Sicam

12-Aug. p.m.
Stack .
- [s
gfg}? 10.0% Stcam
P (drum) = 10.3 gauge
BoilerNo. 11 . 4——-  Fuelgas
) _4; Foed water _
" F=19.0m%h - T =8 (surface)

Table 6.1.15 Boiler Heat Balance (net heat value based) (Boiler No. 11)

E: Héat-in _ . - . Heat-out B ~ Natural gas
keabm’y  kealh % : kealhm®y kcalh = &%
Fucl calorie 9,490.5 . 13,286,714 99.46  Stcam generated = 7,776.5 10,887,070  81.50
Fuel sensible heat ‘3.2 - 4,449 © 003 Exhaust gasloss 1,250.6 1,750,823 1341
~ Air seasible heat 48.4 67805 0.5 COloss 000 0 000
Totl 95421 13358968 10000  Emissionloss - 235 - 32903 025
— Sub total 9,050.6 12,670,796 94385
. e ‘Miscellancous - 491.6 688,172 5.5
Boiler efficiency _ _ ) — : :
_ — Totasl  9,542.1 13,358,968 100.00
Infout method : ' : C81.50 %

Heatlossmethed © -~ 86.6_5%

The oxygen conlem in Ihc exhausl gas of lhls bmler is high. If the oxygen contenl
~© - inexhaust gas is seduced to 5 % which is the Jap'\mse standard value, the fue! can
g; ‘ ‘be saved by approximately 3.5 %.

{9) Hc_at recovery from diesel power planl exhaust gas

Six middle-size Diesel engines for electric power geheration are instatted in this plant
* as shown in Figure 6.1.14.
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Figure 6.1.14 Diesel Generators

l_Exh;tust [Exhausll [ Bxhaustl {T*;;a;s_l] E};@ Eﬁ:w _
1 L. l 1 1

No. -] No.2 No. 4 No.5 No.6 No.7
1,000 kKW © 1,000 kW 2,%50 kW 2,850 kW 1,000 kW 2,250 kW
(Stopped) {Repair) _ {Stopped)
Field measuced for: .
NoZ | No.4
Exhaust gas  Exhawst gas
: Fuel flow
Cooling water
Among these 6 Diesel engines, we measured the exhaust gas oxygen content, temperatore, T

fuel flowrate, and cooling water volume of the No. 4 Dicsel geneiator which is a large-
scale machine, and the measurement results are indicated in Figure 6.1.15. We also
measured thé exhaust gas for Diesel No. 2 and its results are indicated in the same -
“diagram. s ' P '

408 -



Figure 6.1.15 Simplified Flow Diagram and Measuremeat of Dicsel No. 4

llﬁAug. pm
Fuel oil
-~ ' 1 Exhaust stack
Aircooler  © Airintake | | T=464°C :
- - e : Oxygen=9.2009%5 %
e No. 4Fngine - - L] j
Alternatos Designed: _ .
227% . || Duaifucl 1 3,160 BHP/2,375 kW :
2,795 kW Diesel fuel: 3,912 BHF/2,795 kW T N F .m
T RPM =600 " : S
Generator . 1 Turbe Silencer other machine
super charger — —
. Make-gp :
- conductivity
530
Jacket | . Valv o5
‘::t ¢ Lub oif valve T=25°C Ambient
er waler _ . .
_ cooler : Conduclivity = 7,500 - Dry = 34.5°C
cooler : cooler C > . - Y .
r : : I A From cooling tower Wet = 18 °C
A . _ - —— To t'oo_!ing tower  T=36°C F=65m¥h

(Designed: T=422,F = 113.7)

Valve coolant and jacket coolant have independent cooling circuit respectively.

© . Bxhaust gas (surface contact thermo)

Jacket coolant: 7 Coolerin - T=16°C -.by surface contact thermo 12-Aug. 10;40
S Cooler out - T=10°C P o R Power’
Fall7m¥h - . : by U.S flow meler : : L6430 kW

Air-in and -out to air coolér (surface contact theima) .
" tin T=89°C (aftersupercharger)
Coout T=48°C _ . i ' )
Supei chargerinkétair T =43°C

© . - - Exhaust gas teniperatuse (panel reading)
Expansion turbine-in | T=483°C g © " No.l. :560°C . No.5 ' 553°C
Expansion urbine-ont " T=371°C . : ©7 Ne.2. 1565°C No.6 - 555°C
- ' L . No.3 530°C No.7 520°C
Power-out, 15:10 No.4 '530°C  No.§ 520°C
' 1,520 10 1,560 kW '

No. 2 ¢ngine stack gas, as reference
U T= 3s5°C
Oxygen= 140 % .

Remark: Block fettérs fot ficld measured value. -

This engine has the closed circuit cooling system for cooling the cylinder and valve.
Figures 6.1.16 and 6.1.17 show the cooling water around the eigine and the fuel system.
Since there is no demand of hot water near the engine, only the steam recovery from the
exhaust gas was investigated. ' '
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Table 6.1.16 gives the result of a case study of recovering the exhaust gas heat volume
as steam. The steam volume which can be recovered from a large-sized Diesel engine
is approximately 1.3 Uh. If this recovered heat can be utilized effectively, the thermal
efficiency will improve to approximately 50 % from about 30 % by power gencration
only. In addition, 7,823 Geal/y can be reduced for the boiler.

Table 6.1.16 Exhaust Heal Analysis (No. 4 Engine)

" Exhaust gas temperature, °C 464
Unit exhaust gas (Oxygen = 9.3 %), m¥kg-fuel  19.5
Specific heat, keal/(°C-m*) 0.338

- Temperature after heat recovery 150
Available heat per fuel, kealtkg-fuel 2,070

- Annual power generation, kWhiy 10,862,400
Assumed generating efficiency 30 %

' Puel heat requirement, Geally 31,139
Fue! consumption, Uy = : 3,023

' Fuel combustion heai;'kca]fkg . 10,300
Annual Heal recovery, Geally . 6,257

~ Assumed boiler efﬁcicncy _ R 80 %
“Fuel saving, annually, Geally - 1,821

_ l(}_bér steam heal,: (kcalikg) _ 663
Engine running ratic . ‘ . B85 %
Recovered steam, kg/h P S 1,267

(10) Electric power supply én_d demand

The eleciric power of this plant i.s. supplied by the 'i|:1-hous'e power plant and the extérnal
power system, The purchased electricity is supplied by onc 20 kV line and the
maximum demand is 2,500 kW, '

“Total of 13, 450 kWis gcnerated as an in-house power plant by the condcnsmg extraction
turbine power generator and 6 Diesel generators. Ameng these, however, ong 2,250 kW
and three 1,000 kW Diesel gcnerators have been operating for more than 30 years.

Therefore, for stable operauon the pawer generation of the 2,250 kW Diesel generator

Jiskepttod 500 kW maximum, and thal of 1,000 kW Diescl generator is kept to 700 kW -
maxnmum :

“The maximum output of two 2,850 kW Diesel generators are kept to 1,800 kW due to
a high exhaust gas temperature. Therefore, the actual total power generation capacity
'i5 9,700 kW. As the eleciric power opetation method, the steam turbine generatof is
“used for base operation and the Diesel generator is used for absorbing the load fluctuation
at the plant.
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The utitization factor (= average electsic power/generalor rating output} of the gencrator
in 1994 was 13 to 29 % for the Dicsel generator and 58 % for the turbine generator as
indicated in Table 6.1.6. These values indicate that there is a sufficient allowance.
However, considering the bottleneck in the way of parts supply for aged equipment, a
light-load operation may be unavoidable in order to reduce the chance of accidents.

For the electric power supply, the purchased power system and private power generating
plant are completely separated from each other, and there isno flexibility in the supply
and demand of electric power. In other words, even from standpoint of the contracted
power, the maximum power adjustment is performed by only controlling the load. No
advantage is taken to réduce the maximum power by adjusting the power output of the
privale power generating plant. ‘

At the time of our in#esligalién‘. no electric power was supplied from the purchased
power system. The ratio of the private power generating plant supply to purchased
clectric power in 1994 (March 1994 to March 1995) was approximately 4 to 1.

There are no synchronous motor and power condenser for the plant load, and no
measures for improving the power factor have been taken either. Although the power

factor of the plant at the time of our investigation was 76 %, which does not seem to be

satisfactory, now one cannol expect to benefit from the merits of condenser installation
by reduction of electric tariff. Therefore, this problem should be solved together with

* the utilization factor mentioned earlier at the same time when the purchased power

)

system is reinforced and becomes reliable in the future.

Pumip

“The plant water is subj)lied by=4:subrherg':b!x, pﬁmp:s from the welt, “Three pumps are
‘ fu]ly operational i in summer and 2 pumps aré fully operational in othér seasons. In all

seasons, the No. 3 machine controls the water volume with water pressure. Table 6.1.17
mdtcales the eleclnc power measuremcnt results of each pump.

Table 6.1.17 Measurcment Result of Elecivic Power for Well Pump and
Calculation Result of l’ump Flﬁcncncy

No.2 = No.3  No. 4 No. S

P (kgfem®) 135 0 135 13S 13.5
Q (m¥h) _ S99 Cn2 0 Hs. s
‘Efficiency of motor (%) ~© 09 09 . 109 0.9
W kW) : 6} 697 787 - 72.4
Efficiency of pump (%) 66 - 66 62. 67

Accordmg to this table, the pump efficiency is 62 % to 67 %, which is rather low for a
largé-size pamp. However, this value may be unavoidable com!dermg that these are
submergible pumps.” Table 6.1.18 indicates the eleclric power measurement results of
other large-size pump motors.
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Table 6.1.18 Measutement Result of Electric Power for Large Pump Motor

Turbine condenser pump {13 Aug. 1996) 60 HP

Time kw kvar kVA o f U.F
16:34 54.77 37.22 66,22 0.827 124.2
16:36 54.61 37.18 66.07 0.827 123.8
©16:38 61.19 - 41.83 74.12 ' 0.826 - 1388
©16:40 68.03 45.82 82,02 0829 154.3
16:42 - 60.31 41 72.93 0.827 136.8

" Cooling tower pump for Refinery No, 1 & No.2 HOHP

Time kW kvar kVA p-{ ‘ " U.F

1622 5617 41.94 70.10 0.801 69.4
16:24 56.23 41.88 7011 10.802 | 69.5
16:26 56.2 41.87 70,08 0.302 69.5
16:28 5625 4186 70.12 0.802 69.5
16:30

56.22 4201 70.18 0.801° 69.5

Cooling pond pump for Refmcry Noa.2 90kW

" kW kvar S kVA p-f ¢  UFE

-Time

15:28 - 1.07 133.92 7875 . 0.902 © 790

15:30° o3 339 - 7870 - 0502 739
115:32 niy 3397 ~ 78.80 - 0.502 . 79.0

15:34 7M.44 - 3405 7887 0.902 S 79.0

15:26 na 34l 1893 0.902 . L9

'We could not measure the water volume of thcse pumps ilowever it can be asqumed
that there is no problem regarding the motor load in view of the equ:pmenl uuhzauon
factor and power factor -

* The first ihing that must be done to improve the energy efficiency of a pamp is to check
whether the present water volume is appropriate. itis necessary to check the volume of
waler used by the plant by considering the regulations of subterranean water in the
future particitarly for lhc well pumps, and to study the pOS‘Ilbllliy of recycling the
waler

- (12) ’l_‘taﬁéfbrnler

‘We invéstigatéd ‘whether it would be possille to shul down one of the two 1,000 kVA

lransformérs uséd for the Filling Substation; which are operating in parallel, The

- measurement results we obtained durinig our study of the plant are indicatéd in Table

16.1.19. Since the test records of these transformers were not available, we compared the
_ 'operatwns between one transformer and two transformers for the following two cases:

(1} iron loss 2.5 kW and full load coppef loss 12.5 kW and (2) iron loss 3.5 kW and full
toad copper loss 14.8 kW using the typical example in Japan. The Irial calculation
resulls are indicated on the gight side of Table 6.1.19,
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(13}

In the case of (1), the transformer loss can be reduced by: 10 kWhiday '(n 3,650 KW/
year) by operating one transformer during the night (22:00 to 6:00). In the case of (2),
the transformer loss can be reduced by 20.9 kWh/day (= 7,640 kWh/ycar) by operating
one transformer all day.

It is necessary (o know the characteristics of the transformer in either case, and the
number of transformers to be operated should be determined in accordance with the load
stluation in the future.

Summary of effects by application of the proposals

Table 6.1.20 gives the above energy conservation measures.
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Table 6.1.19 Measurement Result of Filling Substation Transformers (1/2)

Filling transformer mecasutement

Transformer No.

Transformer No. 2

Transformer total

Time
1400
1500
- 16:00

17:00
1800
- 19:00

20,00
- 2100
- 22:00

23:00

00.00
01.00
02:00
03:00
04:00
05:00 -
06:00
07:00
03:00
09:00
10:00
11:00
12:00
13:00

Average
Maximom
Minimum

kW
2353
259.4°
262.3
255.9

"256.3

2576

260.6

248.9
200.8
183.7
1717

1734

171}
168.8.

1669

166.3
175.9

238.5

251.3

2619

261.6
2608

2378
212

22279
2618
166.3

kvar
205.2
2256
222
216.5

F219.1
‘2135
2877

713
166.6
149

143.3

138.7
136.3

135.6
135.7

135.8
153.4
212.4
2235
232.5
236.4
234.6'
2113

193.4

190.5
236.4
135.6

kVA
3122
3438

© 3440

3352
337.2
3346
339.6
327.6
260.9
236.5

"228.3
222.0

218.7
216.5
215.1
214.7
231.2
319.4

336.3

350.2

3526

350.8
3i8.]

287.0

293.0

3526

2147

p.f
0.754
0.755

0.764

0.763
0.760
0.770
0.767
0.760
6.770
0.777
0.778

6.781

0.782
0.780
0.776

0.775 .
0,154
"234.1
246.7
257.3°
2568
1256.3 -
2338
208.2

0.747

16747

0.748

16,742
10.743

0.748
0739

0.760

0.782
0.739

kW

231.1
254.6
258

251.2
251.4
2527
255.6

2442
197.3

1830.7
174.6
170.5
168.2
166

164.1

163.5
172.7

2187

258
163.5

kvar
210.3
231.4
228

222.3
224.9
219.3
2236

2187

171.2
153.3
147.5

142.8

1403
139.4
139.5
139.5
156.8

217.2
2288
238.2
242.2
240.3
216.2-
197.7°

195.4
242.2

139.4

kVA
3125
3440

13443

3354

37y

334.6
339.6
327.8

261.2

237.0
228.6

222.4
219.0
216.8

215.4

214.9
12333

9.3

336.5

350.6

13530

3513
318.4

287.1

2933

353.0
214.9

p-f
0.740
0.740
0.749
0.749
0.745
0.755
0.753
0.745
0.755
0.763

0,764
0.767
0.768

0,766
0.762

0.761

0.740 -

10,733
0.733
0.734

0.730
0.734
0.725

0.746
0.768
0.725

0.727 -

kw

466.4
514

5208
507.1
507.7
5103
516.2
493.1
398.1
364.4
3523
343.9
33%.2

3348,

331
329.8
343.6
472.6
498

519.2°

518.4

51171
4716
420.2

441.5
520.8
3298

kvar
415.5
457
450
438.8
© 444
4328

441.3:

4317
3378
302.3
1260.8
2815
276.6
275

2752

275.3
309.9
4296
4523

470.7 -
‘4786
4749

427.5

385.3
478.6
275

391

kVA

624.6
637.8
688.3

670.6

674.5

669.1

679.1
655.4
5221

- 4735

456.8
444.4

p-f

0.747
0.747
0.757
0.756
0.753
0.763
0.760
0.752

0762

437.7 -

4333
43&5'

429.6
466.4
638.7
6727

700.8°
. 705.5

702.1
636.5

574.0:

586.3

705.5

429.6

0773 -

8.770
0.771
0.774
0.775

0.769
0.768

0.747

0.740
0.740
0.741
0.735
0.7137

0.741

0.732

0.753

0,775

0,732
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Table 6.1.19 Mcasuretnent Result of Filling Substation Transformers (2/2)

Teansformer loss

fron loss = 2.5 kW

Copper loss = 12.5 kW

Transformer loss

tron loss = 3.5 kW

Copper loss = 14.8 kW

Trl (kW) Tr2 (kW) Tet + Te2 Cnly Trl Difference Trl (kW) Tr2 (kW) Trl + Tr2 Only Tri Difference

3,72
3.98
3.98
3.90
3.92

" 3.90
3.94
3.84
3.35
3.20
3.15

312
3.10
3.09

3.08
3.08

13,18
an
13,91

-~ 4,03
405

4.04
1376
'3.53

3.72

-3.98
398

3.91
392
3.90
3.94

384

3.35
320

3.5
‘342
3.0
- 3.09
- 3.08

3.08
3.18
307

392

4.04.

- '4,06
4,04 .

3.77

3,53

7.44
7.96
7.96
7.8

. 7.34

1.80
7.88
7.68
6.70
6.40

6.30

6.23
6.20
6.17
6.16
6.15

636
7.55

7.83
8.07

SNE RIS

8.08
T 7.53

C7.06

7.38
841
8.42

8.12

8.19
8.10

8.27

7.87

- 591
530
AT
. 497
489

4.85

- 4.82
481 -
522

7.60

: 8.16
864

8.72
8.66

- 1.56
© 6,62

0.06

046
©~0.46

=0,3]
-0.34

L1030
© 2038

L0.18
10,80
1.10

1.20

1.27

.30
1.33

1340

1.35
.14

_0.05
033

~0.57
~0.61

-0.58

~0.03

044

6.7t

4.94

5.25%

5.25
5.16

5.18.

5.16
5.21
5.09
4.51
4.33
427
423
421
4.19
4.18
4.18
" 430
- 5.0
5.17

5.32 '

5.34

532

- 5.00

472 -

4,94
525

5.25

5.17.

5.18
5.6

521

5.09
4.51

433
427
423

4.21
4,20

419

4.18

431
5.01

5.18%8
5.32
5.34

9.89
10.50
10.51
10.33
10.37

© 1031
10.41

'10.18
- 9.02
866
- 8.54
8.46
2.42
839
. 837
8.37
8.61

1002

1035
1063
L1068
533
5.00
A72

10,65
10.00

944,

9.27
10.50
10.51
10.16
10.23
10.13
10.33

9.86

1.53

6.82

. 6.59

6.42
6.34

. 6.28
- 6.24
16.23
6.72

9.54
10.20

©10.77
. 10.87 .
- 10.80

. 9,50
838

0.61
0.00
-0.01
0.17
0.13
0.19
0.09
0.32

- 1.48

1.84
1.96

204

2,08

211
213
213

1.89

- 0.48 -

0.15

013
-0.18
C0.15
- 050

1,06
2091
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Table 6.1.20 Summary of Proposals

{Japanese Yen base)

Expected Saving

Total tnvestment Payback

Fuel Elcctricity
Item — Million  Mitlion Period
Yy Mtllr!on o MWhy Mitlion o yenly yea Year
yen'y yeoly _
Heal insulation of steam 2560 49 0.7+ - : 48 19 39

valves and fanges
Adjustment of the vacoum degree
“ by the deadorizing pro¢ess
Adjustment of ejector steam
. pressure 1 553442 101.3 14,488 - 1003 0 0
" Reduction of the cooling watet ' :
temperature for the barormelric

" condenser ) 1 : .
. Boiler combustion control S 1340 24.6 s - : . 2486 30 1.2
Recovery of exhanst gas heat T9gx4 14.6 S 2187 - 138.6 30 34
" From dizsel power generation

Total 7940 145.4 20.7 - 145.4 99 0.7

,{!rén Rial base)

Exp&lcd Saving !

= . Total Tnvestment Pa)back
: Fuel _ Electricity .
ftem e Miflion M:.hon Period
: : - Nagas Miltion ' Milticn - Rially  Rial Year
_ 10" mYy  Riaby T MWNY oy % d
- Heat insulation of steain (266t - (33) R () LA : BEEY 2?'(333) {10

valves and fanges |
Adjustment of the vacuum degree
in the deodorizing process
Adjustment ofcj;c!or steam : T i . S . .
pressure S 3534 8i Cldde - : ' T 681 0 0
* Reduction of the eochng Water. : . . o -
temperatude for the barometnie

condenser : o : _ . . . o
Boilcr combustion comtral - 1,3420% U165 SRS - . eS8 T3z
Recavery of exhaust gas heas ©I98% - 98 2.4 - fT 98 875 89

from diesel power generation Lo : . : :

Total 7614 - 944 200

944 . 1,400 L3

*1 - 2,607 x 10* keally £ 9,800 kealim® = 266 x 10" mYy
#2 245,100 vy % 267 kit % 663 kealkg '
9,800 kcat/m* x 0.8
*3 453,491 vy x 663 kg/t x 10* kealh
9,800 kcal/m x 0.8
38,350 x B Yy % 0035 = 1,342 x 10° m'vy
*4 7,823 % 10F kcally 9,800 kealim® = 798 x 10" m'y
*5  266%10°7 (3,350 x 10 x 100~ 07 %
& 55X/ IO X100~ 144 %
*7 798 x IO‘J’(3S 150 x l!}‘)x 100=21%
‘Energy price in Japan; a
Fuel price: 17,000 yen x 9.8 19,100= §8.31 yen/'m’
_ Electricity price: 10 yen/kWh ) ’
Encigy price on Iran Rial base;
© Natoral gas: 123 RialVm?
Electricity: 100 Rial/kWh
Exchange rate: 1,750 Rial = | US Dollar = 100 Japnaese \’en
Investment cost is based on thal in Japan.

= 3,534 % 10° m¥y

=338 350 % 10" mY
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6.2

6.2.1

‘Results of the Study at Karun Cane Company

Outline of the factory

M

(2)

3

@
)

(6).

Plant name

Karun Cane Company

 Plant address

" Khuzestan Shu‘shtéf

Number of employees

1,150 (including seasonal workers) consisting of
9 process engineers,

* 1 heat enginecr, and

- 2 electrical engineess. .

Major producls

" Cane sugar
" Production capacily

200,000 vy

Production process
Sugarcanc cquvated in the adjacent farm is received as the raw maleual for pmducmg
sugar. This sugar cane is first made into raw sugar, which is then remelted and refined

into white sugar.

Sugarcane is fmely cut by a cane culler, and then applied on the cane crusher instead of

" a cane shredder, which is not available in this plam and pressed by the mill to extract
- juice.  There are 3 hnes of mill, whlch consists of 6 units, thus reducing the water

content of the bagasses.

- Since bagasse is sold to a paper manufacturing company as the raw maiérial for paper,

il is not used as fuel at this plant.’ The sugar juice coming'o’ut from the clariﬁer is

~ concenirated by the quadruple-effect evaporator, then made into massecu:te by the
- crystallizer with an agitator, and centrifuged into raw sugar,

Before the raw sugar is stored, it is applied on the dryer.
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‘The raw sugar is then fed to the sugar refinery, where it is applied on the washed sugar
separator and thereafter melted by the melter.

The melted sugar is, after carbonation, bleached by sulfurous acid gas instead of ion
exchange resin, and boiled by the crystallizer,

The crystallizer is equipped with an agitator. The massecuile is placed on the cenliifugal
‘separator, and mixed with the second sugar to be made into a final product.

The molasses of fi:rsl sugar is mixed and boiled in second sugar, and the molasses of

second sugar is mixed and boiled in third sugar. Third sugar is returned to the process

‘and the melasses of third sugar is made waste molasses.

Figure 6.2.1 shows the process flow,
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(7) History of the plant

This factory was established under the financial support by (he state-run Agriculture
Devetopment Bank in 1975, It started operation in 1976.

© (8) Plant layout
Figure 6.2.2 shows the plant layout.

Figure 6.2.2 Plant Layout

"o,

G

Water plang
washing| )
_ Raw sugat No.1 : U Mill o (Bagwc stotcl
warchosse 0 : Rawsogar || house . -
. . refincry . - 4§ -
N - i d2 |2 ’
. Rawsogar No.2 - . E &
: warchowie O . co
Cube L'i‘-ué E - :
] | 000
) . Fuelanks : :
: : - Acea for seiling pondy ‘ %
Warchouss O O ) )
Molasses tanks _
: ) {77 Gas supply inetallation ‘
.. ) ; . J

(9) One line diagram

' Figure 6.2.3 shows clc‘:cl:ic'power'one line diagram. -
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Figure 6.2.3 One Line Diagram

. Substatioﬁ by KWPA

31—+ Milling station B

§-——[}—— Milling station C

——n

» Milling station B

t—{JF———» Work shops

p———{ -+ Water plant, scale house

& ¢ ¢ 3————— Fire room, oil transfer station
_—l — = gﬁ '¢——{fF}——= Fire rcom
L) = ‘
@ s :
{ o ' 1—~~{_‘}————»— Power house, bagassc system
N by
j_[] L2
4% ¢+——{ F——— Power house
; .
.__1 .9 Q=
: . . . 0 =
Ho—@—a— 5
- ‘ ' <5
. ==
t——4-O0—( D) —— “z=
Lz B e
. E = o Raw sugar factory
Vi W ¢—{}———= Raw sugat factory
@ %
= ¢-—{F———> Raw sugar factory
| . Rawsugar f.actoiy‘ -
—U 4 Raw sugar storage
,s>< 3 —F— Raw sugar factory
o o
™ VI

4 F———= Raw sugar lactory

+—17 . Rcﬁncry
_ . Refined sugar storage

: -_{j——+ Refinery
: ‘ ;}Support facilities
e

| 0] Cube making plant
Lime kiln
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(10) Gutline of major equipment
Table 6.2.1 shows the outline of the major equipnient,

Table 6.2.1 Major Equipment

Name Number ' Specification
Cutter _ 3 lines Diameter 400 mm, 600 RPM
Mill "3 lines 18,000 ¢/d 6 stands
Raw sugar line .
~ Bvaporator : 1 " Quadruple effeci Ist 125 °C
" Boiling pan : 12 " 60 klJset ;
~ Centrifugal scparator ‘ K} $48 ~ 53 inch, 1,200 to 1,500 RPM
Refined sugar line '
Melter 1 49 kL
“Boiling pan 3 - 60 kL/set
Centrifugal separator 25 o };43 ~ $53 inch, 1,200 to 1,500 RPM
In-house power generation - : -
- Steam turbine generator 2 Back pressure turbine 7,000 kW

Intet 31 kg/em? (G), Outlet 4 kglem? (G)
11 kV, 8,750 kVA

Receiving transformer ' 2. 34.5kV/11 kV, 12 MVA
 Vacuum pump - 6 5,000 m’h - _
Boiler S 3 31-kgfem? {G), 380 °C, 180 vh, Babcock
AP _ - o ¢ Fiiel: Bégassé, Natural gas, Qi o
Lime kiln® . -. 2  Shaft type

| '(l n Enér‘gy prices:

| _.l.ﬂle}' 130 R.iall_l,. -

Elecltric power: 38.42 Rial/kWh
Water : 30 Rial/fm?

(12) Study period
Ca Preliminary study: .Oclobér 17 and 18, 1995

b, Plenary siudy: _Augﬁst 17.l6 19, 1996
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(13) Members of the study group
a. JICA team

Leader : Norio Fukushinia

Process management technology

and heat management technology:” Shiro Honda

Electric management technology : Kazuo Usui (Preliminary study}

Econonic evaluation : Shigeaki Kato (Preliminary study)
‘b. PBO Team

" Energy conservation E Mr. Mazhari

- Instrumentation .+ Mr. Shayestch (Preliminary sludy)

Macro levet energy manageiment : Mt. Moosavi (Preliminary study)
(14} Inlerviewees

Mr. Alizadegan: Deputy of Managing Director
Mr. Bavarsad + General Manager of the Factory .
- Mr. Ayati . Consultanl Direclor Manager (Pleriminary sludy) :
Mr, Madmoli : Head of Eleciric Section : o
* Mr. Noorzadeh : Head of Refining Section
Mr. Afshar : Head of Raw Sugar Section
. Mr. Shademan : Head of Mechamcal Mamtemnce Seclton
~ Mr. Noroozi -: Head of Laboratory -
M, Poure . Advisor (Preliminary study)

_6;2.2 : .Stirttljalion 'bf Eﬁeréy C(.;‘nisumption_._i :
g | | :(_I) Tread (;f ptoducti.ox.m, ;:'m_argy' c_o'nsurmpl-ion and energy fntensity |
a. P?oducli_on ' |
Table 6.2.2 shows the trend of producuon

- Thé actual result for the year 1994 reveals that 10.0 % of raw sugar, 9 9 % of refined
© sugar, 35.6 % of bagasse and 4.7 % of molasses are prodiced from cané (Pol = 15) -
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Tablc 6.2.2 Production

1989* 1990 1991 1992 1993 1994 1995
Cane t 1,087,411
Raw sugar 1t 108,197
Refined sugar t 72,670 104,759 88,145 76,153 93,113 102,000 106,590
Bagasse t 367,036 427,007 431,201 346,085 334811 383,845 ' 384,932
Molasses  t 38,406 40,753 59,404 32,462 35,707 54,000 51,087
+: Qciober 1989 to March 1990: This period (from October to March in the next year) also
- applies (o the other years. -
b. Energy consumption
Table 6.2.3 shows the trend of energy consumption.
Table 6.2.3 Energy Consumpiion
1990 - 1991 1992 - 1993 1994 - 1995
Natral gas =~ m* 56,737,464 67,863,020 85,749,140 66,116,113 95,796,210
" Electricity . MWh .~ 23,303 26,948 . 24,032 25,594 17,602 32,105
- Fuel oil Lo 47,743 S
Steam t ' - _ R _ 922
Water m 976,320 . 1,019,520 1,022,976 1,002,240 972864 1,322,474

*; October 1990 to March 1991: This period (from October to March in the n¢Xt year) also
applies to the other years. ' : : S o

¢. Energy inlensil'yi o
Energy intensity for 1995 is as follows:
Natural gas = : 899 m’/t 8,541 Mcalft
. Electric power: 301 kWa/t
 Steam . : 10541
(2) ' Energy flow at normal operation
_Figuré 6.2.4 shows the energy flow.

- Naturat gas is used as fuel for the boiler, arid electric power is supplied by the steam
turbine.
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Figure 6.2.4 Energy Flow
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6.2.3:

(3)

Energy intensity by process
Table 6.2.4 shows energy allotment by process.

Table 6.2.4 Energy Allotment by Process

Process Sugar Factory Raw Sugar Shdp Refined Sugar Shop
' _ (%) (%) (%}
" Heater n _ 9 9 -
.. Melter . '3 o - 3
* - Evaporator 49.25 ) " 41.25 b3
Pan boiling - 34,5 . 22.5 ' 12
Centrifuge - 2.25 L 2.25 -
‘Dryer : 2 S 2
Total 100 75 25

.Siluati_on of Energy Management

Q)

@

Oy

‘Setting the larget_for chergy conscrva;ion

No target for energy conservallon has been set ye! “The managcmcnt should demonslratc
their specific policy. ' .

The chlef of each depanmem of the wo:kshOp is a well- expenenced engineer, who is

-expected to work out a targel for energy conservalion, future development and a

maintenance plan, and thereby to lmprove energy efficiency,

Since the pnce of nalural gas also tends to increase, a company- \wde consensus should

be obtamcd concerning the lmportancc of energy conservation,

: Sy‘s_temalic 'aétions'

To 1mplement encrgy conservauon systcmallc inter-department coo;;eralmn is sequired.
Anenet gy conservatlon comnmtee should be started to oblain a close ]atera1 commumcauon
belween dcpartmenls

; Thls factory hasa plcmy ofmmpetent s!affs and this will enable a lateral commumcauon

to be obtained rather easily.

: Dala-baséd management

Data-based management is necessary to promote energy conservation aclivities.

This plant has many operation records of utility generating departments, and analytical

“1ecords in the product analysis room.
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6.2.4

(4)

' (5)

«n

The personnel in charge of quality control creates monthly and annual statistics regarding
the production, the yield and the product quality (process analysis and product analysis).

In sugar-manufacturing companies, persons in charge of manufacture ate supposed to
afford time for dala analysis during the non-manufacturing period.

Data fromeach dcparlmen( should be collected to mianage energy conservation cffectively.
If the target for energy conservation efforts is focused on the ciystallizer, it will be
equally necessary to enhance measuring instruments. 1‘his will make it easier to control
the flow rate according to the data on stcam, sugar juice and water.

Education and training of employees

Each person in charge of manufacture (raw sugar, refined sugar or utility) has a

- thorough knowledge of control standards (tcmpcraturc, time, capacity), elc. lhrough

their long-accumulated experiences.

“Itis nolewcrlhy that they are making every effort to improve the technology by means

of exchanging’ technical data with other sugar-manufacmrmg companies, joint studies,
etc. They employ thc same operators every year, who are expecled to keep their
lechno!oglcal level. :

Equipment management

' This' faélofy has many old cquipmem. which are, however, well niaintainéd.

The mamtcnance of equtpmem seems lo be fn,quently conducted because they have
plenty of time during the non’ sugar-manufacturing pertod ‘and also because heat
exchangers; etc. require disassembly- c!eanmg because ofthcir I:abllny to cioggmg due
to the charactcnsuc of lhe process C

Mitd steel is used for the heat transfer suiface of the crystallizer, and this allows scales
16 occur more easily. To cope with this problem, such measure as soflemng of juice by
means of jon exchange resin will be cons&dered

We could har’dly detect aﬁy bare piping of parts wheré heat-insulating work is left
undone. However, boiler me'isunng instruments and stokers do rot s¢em to be well

“maintained.

" Problems in the Energy Utilization and the Countermeastres

Comparison with a Japanese excellent plant

Table 6.2.5 shows the result of comparing the energy int:ensily of Karun Cane Company
with that of a Japanese average cane sugar plant.
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Table 6.2.5 Comparison of Energy Intensity

Katun Cané¢ Japan
Raw Sugar Refined Sugar Raw Sugar Refined Sugar
For thermal encrgy 5% 25 %
“Steam 791 271 5.1t .41t
Fael 5,056 Mcal - 1,728 Mcal 3,264 Mcal %03 Mcal
"otal 6,784 Mcal 4,167 Mcal
Electricity :301 kWh 205 kWh 95 kWh
' 259 Mcal 176 Mcal 82 Mcal
Total 259 Mcal 258 Mcal

Total of stcam and I_iiéctricily

7,043 Mcal

4,425 Mcal

Setling conditions:

As shown in Table 6.2.5, the fuel intensity of this plant is approximately 1.6_times
higher than that of the Japanese plant, but the electncliy intensity is nearly equal to that

Natural gas 9,400 kcal/n?’
Steam 2 kg/emn? (G)

640 kcalkg
Electricity 860 kcal/kWh
- Fuel 9,500 kcal/fuel-L

of the Japanese plant.

‘The possible reasons for lhis'differehc_e m'a)'r be as follows:

“a. Diflference in the yield .

- The yield of this p!ah! remains 9.9 %, as c{)mparéd with 12 % yield of the Japanese

- - plant where the sugar cane similar to that used in LR Iran is used. This is because
the sugar cane storage fime is longer, deteriorating the sugar content and increasing

: * Moreover; the low level of purily in the production process
increases molasses, thus reducing the yield. This difference in yicld makes an

wasle molasses.

approximately 20 % difference in encrgy intensity.

. b. * Operating conditions :

.Table 6.2.6 shows the comparisons of operating conditions in the ref ining process
this ptant and a Japanese plant,

~between
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Table 6.2.6 Comparisons of Operating Conditions between Refineries

Refined Sugar

Karun Cane

Japan

Melter in  Bx65
out Bx 45
Refined sugar evaporator in Bx 60

Boiling pan
Boiling hour

Charge

Remarks

Vacuum 65 (o 70 immlg

With a stirrer
Ist 2 h/batch
2nd 2.5 hbatch
~3rd 3 h/batch
“1Ist S55kL
© 2nd 55 kL
3rd SSKL

acid mcthod

" Active catbond method and sulfurous

Bx 63
BX 60
Bx 65 :
Vacuum 72 to 73 mmHg
With a stirter
‘Ist 1.8 Wbarch
2nd 2.2 Whaich
3rd - 3 Wwhatch
Ist -6!_ kL
~ 2ad 61 kL
3¢d 61 KL

" Active carbon method and ion

exchange resin

Bx45 al the inlet of the refined sugar evaporator is low. This is probably due (o the
difference in Bx at the melter and much mlxlure of water in the subsequcnl
processes of filiering, etc. '

In Japan, the sugar boiling time is shorter because the vacuum of the crystallizer
pan is high. The availability of low-temperature co]d waler for the condenser water
contributes to ra:smg the vacuum,.

When water a_ddilior’: and concemrali0nlcryslallization at the crystallizer pan are
- not thoroughly controlled, uneveness and disparity of crystal will occur even if an
agitator is installed. This i increases the vo!ume of water to be added and makes the

- sugar boiling time longer.

(2) Reduction of the sugar boiling time by aut_omal.ic contral of the crystallizer pan

‘The first sugar boiling time is 3 hours for raw sugar and 2 hours for refined sugar. The
crystallizer pan has an agitator installed, but further to shorten the sugar boiling time,
it will be advisable to adopt an automalic control Sysleh1 emplbyed in recent planis.
Figure 6.2.5 shows the general system, '
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Figure 6.2.5 Autotnatic Control System Diagram
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- Itis vitally imporiant for the pan Ebilingloconl=rol theconcénlratibnoflhu'sug’arliq’uor
in the gan during sugar boiling. ~ The sugar bol!mg opcralmn is conducled in the
* follawing procedure.

- a." The crystallizer pan is made vacuum,

b. The sugar quu_of (syrup} or niolasses is suctioned up to the level enough to fill
_ the catandria (heat transfer surface).

¢.’ Steam isj im‘rofduced .

~d.. Forthe first sugar, lhe syrup is boiled until it becomcs supermlurated (Bx84)
suitable to slar( crystallszanon (Supersaturation dcgree 84/75 = 1,12).

" ¢. The seed sugar is' suctioned to pfoduce a base crystal. To grow this base cr'ystal,
' the liquor continues to be boiled until the specified massecuite amount can be
* obtained while keepmg the supersamranon degree of the liquor in the pan at 1.1
to 1.2 by suction of the syrup.
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f. The mobility is measured, and the vacuum in the pan is retieved to make the
pressure normal, Then massecuite is let to drop on the massecuite mixer.

g. The pan is cleaned to return to normal.

Excessive supersaturation of the mother liquor surrounding a base crystal causes
secondary crystatlization to occur, interfering with the molasses separating operation,
Moreoaver, crystals sticking together form false crystal; and make the crystal size
uneven; thus degrading the product value. In recent years, the proper conirol of hqour
concentration has become available through the combined use of a mobility controller
and a level controller. The product grain size can be made uniform and the water
addition can be reduced by au!omati_cally cohtrolling syrup concentration and water
addition while measuring the mobility of the liquor in the crystallizing pan so as to -

“obtain a proper crystal concentration in the sugar being boiled.

‘The reduction effects of water addition are as follows:

- Pirst sugar massecuite 4kL — 2 kL/batch
Second sugar massecuite - 6 kL ~> 3 kL/batch
Third sugar massecvite -~ 10 kL — 5 kL/batch

The energy conservation effect is eslimaled to’ be 5 %,

Furthermore, the effecl by reducing the sugar bo;hng time in the cryalalllzer pan canbe
seen-in the first massecuite, The sugar boiling lime in the crys!alllzer pan can be
reduced to 1.8 hours from 2 hours (10 % reducﬂon) leadmg to 3 % energy conservation,

lon exchange

Iii the raw sugar proccss, itis prefenble to mslali a cauon cxchangc fesin softencr in the
preceding process of the evaporator. ‘This can prevent the scale suckmg on the heat

‘transfer surface, leading to energy conservation for the evaporator. Two units of ion
~ exchange resin lowers are required, which costs 100 million yen for equipnient investment

including ion-exchange resin.

- The us¢ of a soflemng equipment requnres one more tower, that is, two towers. As the -

result of this measure, steant consumption is cxpected tobe reduced by 5 %, including
the effect on the cryslalhzmg pan. :

In Japan, where acid sulfitation is prohibited, decolorization by aclive carbon is performed _
after carbonation to produce plantation white sugar. Colormg maitters and a part of
calcium are absorbed by decolorization by active carbon which can decrease the
occurrence of scale in the evaporator,
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For the refined sugar, a coloring matter in the juice is exchanged with Cl jon through R-

- Cl type strong basic anion exchange resin. A part of sulfate is exchanged with Ci and

the treated liquor forms relatively less scales, thus eliminating the pan washing
operalien in the crystallizer pan. The use of ion exchange resin (R-Cl (ype)
contributes te the improvement of both quality and yield of the refined sugar.

An energy conscrvation effect by the improvement of yicld is estimated at 3 %.

The investment for a plant using an ion exchange resin refining method costs approximately
200 million yen, which will be a future ¢onsideration,

‘Maintenance of bagasse boilers

~In this plant, steam is used for steam turbines, the mill driving steam turbines, and
. evaporation-concentraion of sugar juice. :

~ ‘The boiler plant is equipped with 3 boilers and 2 back pressure turbines. The boilers are

operated with bagasse, heavy oil and natural gas as fuel; two of them running, and one
stand-by.

" Since boilers were under repair al our piant investigation, we could not study the bumer

combustion status nor could measute the exhaust gas (emperature and the oxygen

~ content, Thus, based on the boiler operation log dala dated December 23, 1995, the -
_boiler efflmency is estimated to be as fol!ows

No. 2 boiler:' 8357 %

No.”s boiler: 88.47 % '

Table 6.2.7 and Table 6.2.8 show No. 2 and No bo:lcr efﬁcnency calculallon results

rcspeelwely
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Operation condition

Table 6.2.7 Boiler No. 2 Heat Balance (net heat value based)

Fuel flow 8,892 n/h
Steam 105 ¢h

C 32 kglem? (G)

310 °C

753 kealfkg
Exhaust gas 200°C

Heat-in
kealim?y  * kealih %
Fuel caloric 10,081 - 89,704,742 93.56
Air sensible heat . 148 1,312,981 1.44
Total 10229 95,017,723 100.00

Boiler efficiency: 83.57%
(Infout method)

Qpera'tion condition

“Table 6.2.8 Boiler No. 3 Heat Balancé (siet heal value based)

Heat-oul MNatural gas
kcal/m?y kcalrh %
Steamy gencrated 8,549 76,067,428 81,57
Exhaust gas loss " 1,603 14,266,468 15.67
Emission loss 4 " 32,903 0.04
Sub total 10,156 - 90,366,799  99.28
" Miscellaneous C73 950,924 0.72
* Totat 10230 91,017,723 100.00
Utilizéd heat detail
o . keal/m’y  kealih %
Main body of boiler 6,532 58123513~ 63.36
Economizer 1,005 8,938,395 932
Super heater S L0127 9,005,520 9.89
Tolal 8,540 76,067,428 83.57

Heat-out

Fuel ﬂc_w
Steam

Exhau§t gas

8,490 m*yh

106 ¢h

32 kglem? (G)

369 °C

755 kealikg

Heat-in

200 °C

kcalm?, - kecal/h

Fuel caloric .

Alr sensible heat

10,081
134 . 1,137,600

85,591,511

98.69
1.3t

Total

10,215 86,729,111

10000

Boiler efficiency: 88.47 %
- {Infout méthod)
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Natural gas
“kealfm?®y - - keal/h %
Steam generated - 9,038 76,733,225 - 88.47
" Exhaust gas loss 1014 - 8,611,234 593
Emission loss 432903 004
~ Subtoral 10,056 85,377,362 98.44
" Misceltanous 159 . 1,351,749 156
U Towl 1021 86,720,111 100.00
Utitized heat detail | N
kealim’y - keal/h %
Main body of boiler 6,975 59,214,683 6828
Econorizer 1,000 8,485,910 9.78
‘Super heater | - 1,064 9,032,633 - 10.41
. “fotal 9038 76,733,225  88.47
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The boiler efficiency of this plant is low, considering that the efficiency of the large
water tube boiler using natural gas combustion is usually 90 % to 92 %. Airmay invade
from the stoker for discharging bagassc ash and the stoker inspection door, possibly
making the loss of exhaust gas large. Hence, it is necessary to repair it for too much air
not to invade into the boiler at combustion of natural gas alone. From the preheated aie
temperature of 280 °C, the exhawst gas temperature is supposed to be 300 °C or more,
An economizer should be installed to improve the waste heat recovery rate and thereby
{o lower the exhaust gas temperature.

At present, the bagasse can not be used since the stoker for the bagassé boiler remains
unrepaired, and thus natural gas alone is used for combustion,

Since the mill is equipped (six-fold), the water content of bagasse is well compressed to
as much as 38 %, thus making the bagasse fully available as a fuel. The water coritent
and the combustible standard are as follows.

Water content of bagasse 48 % — requires an auxiliary fuel,

Water content of bagasse 40 % — requires no auxiliary fuel.

Water coment of bagasse 38 % — allows a sugar manufacturing plant lo be purchased
fuel-free and 10 to 20 % of the bagasse to be sold to
exlemal companies.

The use of bagasse for fuel is supposed to bring about a remarkable reduction of natural

gas. There are many actval cases in the world where bagasse is utilized as fuel.

_ Asthe result of our inspecting the fumace inside, a large amount of distortion was found
- on the stoker. Since tear-off of the inner wall mertar results in clogging in the chain,

possibly having damaged the stoker, For the sloker, there scems to be a problem with
the material and the structure.  After a good consideration of sales of the bagasse {o

“¢xternal companies as a material for paper manufacture as'well as its econum:cal faclor :

the stoker should be improved or repaired.

Sumimary of proposals

~ The energy conservation measures mentioned above are shown in Table 6.2.9.
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(Japanese Yen base)

Table 6.2.9 Summary of Proposals

Expected Saving
. Fael Electricity Total Investment Payback
ftem — —- — Million Mittion  Period
10" mYy Miilion % MWhy Million ™ yen'y yen Year
yenly yen'y :

Automatic control of the crystallizing pan ) ‘ ‘
Decreasing of warer addition 2,594+ 456 27 - 456 304 07
Reduction of sugar boiling type ) . . .

Adoplion of a softening type - 47900 841 50 - C 841 - 7100, 1.2

ion exchange resin L _ '

Adoplion of R-Cliypeion  ~ (2874)'  (505) 3.0 - (505) . (200) (4.0)

‘exchange résin inthe futvre
Total 7,384 129.7 71 - 1297 136 1.0
- (Iran Rial base)
Expected Saving ) .
Fuel RS Electricity Total h {nvestment _Pa_',bacic
Tiem : : Million  Miftion  Peried
’ N.gas Million y Million Rialn X Rial ’ Yeat
10wy Rty ¢ MY piay % you

Avomatic control of the erystaflizing pan ‘ L _ ' B S

Decreasing of water addition - 2,594+ 3lg S22 - ‘318 52541 16
) Reduction of sugat boiling 1ype S )

Adoplion of a softening [ype  4,790%t. - 589 5.0 - 589 3,750 30

ion exchange resia : ] . o :

Adaption of R-Cl type fon (2,81'4)“ {35%) {30 - (354) (3,500 [P R4

exchange resin ‘ . - : ’ n inthe future
Total - 7,384 - 908 7.1 - 908 2275 " 25

Remarks: The items 1o be implemented in the future are not included in the 10tal columa.
*1 95,786,210 m¥y x 0.345 X (1 - 0.95 x 0.97) = 2,534 % 10* mVy

¥2 95,796,210 miy x 0.05 = 4,790 x $0" m'y .

*3 95796210 mly % 0.03 = 2874 ¥ 0 mVy

*4  Semi auto controller .
Enérgy price in Japan:

Puclprices - - 17,000 yen X 9.4 79,100 = 12.56 yenlm*

Elcctricity price: 10 yea’kWh
Erergy price on fran Rial base:
Matural gas: 123 Rial'm® -
" Electricity: 100 Rial/kWh |

Exchange rate: 1,750 Rial = 1 US Dollar = 100 Japanese Yen
Investment cost is based on thal in Japan.
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