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2. RESULTS OF TIHE STUDY ON THE CHEMICAL INDUSTRY

2.1 Resulis of the Study at Tchran Refinery

2.1.1 Qutline of the Plant

()

(2)

3)

4

)

B oe e o

Plant name

Tehran Refinery Co.

“Address

"Ghom Road, Tehran

Number of employees

2,140 Consisfing of

Process engineers: 18
 Mechanical engineers: ' 8

Efe_ctrical {or system) enéineers: 3 _
~ Personnel for maintenance; . 120 x 4 =480
- Operators: : 350 % 4 = 1,400

- Others for management, office work,‘firé-ﬁghling_ and security:

Major produéls :

LPG (quueﬁed Peiroleum Gas)
-Gasoline

Kerosene

Gas oil

Fuel oil

Lube oil

Asphalt (8lown :Asphall)

Produc!ion' c'apacily.

' The capacuy of the atmosphenc distitlation equrpmem as the basis for the pglroleum

rcﬁnmg capacity in an oil refmery, that is, the sum oflhosc of the South Plamt and Nerth .

- Plant, is as follows

a.  South Plant: 125,000 BPSD (as designed)
b. North Plant: 100,000 BPSD (as designed)

Note: BPSD = Barrel per stream day



()

The anual total capacity for processing crude oil is approximately 260,000 BPSD .
Production process

This is an orthodox oil refinery that mainly manufactures the fuel oil and lube oil.
Special products such as airplane gasoline and electrical insulation oil are not manufactured.

- Configurations of major equipment in the North and South Plants are approximately
“same but the South Plant only has the lube oil manufacturing equipment, The lubic oil

fraction taken in the North Plant is transferred to the South Plant, The lube oil is
manufaciured using the sum of lube oil fractions in both plants.

As a feature of the refining processes, there are the ISOMAX process, PLATFORMER
process, VISBREAK ER process, and LUBE manufacturing equipment available in
addition to the atmospheric distillation equipment and vacuum distiltation equipment,
All of the licensers for these major equipment are firms in the Umted States (i.e. UOP,
TLXACO CH LVRON ete.),

In the course of refi_ning'crude oil, high-purity sulfur (S,; liquid or 's'oli(l:l) is manufactured

“from hydrogen sulphide as a by-product in multiple hydrodesulfurization processes.

Figure 2.1 shows the process block flow in the North Plant.

- The fluid catalytic'c.rackin'g equipmenl asa typical process for 'upgradihg heavy oil with

acatalyst is enly provided at Abadan Refmery inside Iran and there are few other hcavy
o0il decomposition proceqses
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(7)

(8)

-History of this refinery

Under the Iran’s NIOC Plan, the South Plant was constructed 27 years ago in 1968. The
North Plant was constructed 21 years ago in 1974, In the meanwhile, major modifications
and additional constructions werc not made; therefore there are no hi-tech or advanced
processing equipment available. All of the existing cquipment were built upon initial
constructions. Therefore, maintenance has become important for stable operation.

- As described earlier, the nominal capacity of both plants for proceSsing crude oil is
~ totally 260,000 BPSD, - This refinery is the third largest one in LR. Iran and is an
- important one targeted for the markets in north cities in LR, Iran along with Arak and
~ Tabriz.

Plani Jayout

Figure 2.2 shows the layout of the entire north plant that we have investigated. The

space between equipment is several times larger than that in Japan, and the entire
refinery has been conslructed in a sufficiently wide area, '

In the South Plant, the lube oil manufacturing equipment is provided in addition to thosé
i the North Plant. -Flare stacks of both plants aré symmelrically lald out, and the
_ Lqunpmem in both p!anls are al approxxmalely symmelrical locations.
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(9) One linc diagram
Figure 2.3 shows one ling diagram,

Figure 2.3 One Line Diagram

From - _ o
South Plamt
T A
Reactor . :
2¢ 7B 24
7.2 MW 7IMW _ 72 MW
1) )
' Bus{A) . Bus (B) 63V ‘
L R y
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Sub(2B) 1 Sub(C)  Sub(aIh | Sub(2D) . Sub(2A); Sub (2G)

" Distillation LPGreforming  Tank ~ Isomax - Power plant :  Cooling lower

Visbreaker -+ = ° . . H, plant
(10) . Description of major equipment -
- For major equipment, the following equipment are provided in addition to the atmospheric
distillalion equipment and vacuum distillation cquipment as the basis for the oil refinery:

a.  Atmospheric distillation equipment and vacuum distillation cquipment

. The atmospheric distillation cquipmént s‘epafates the rough-distilled product from
crude oit through distillation at a (ower overhead pressure of appmxlmately 1.5 kgf
.em? (G). This refinery uses an ordmary pipe still continuous distillation process
cons:sung of a heaung furnace and a main reclifying cotumn.



The vacuum distillation cquipment processes the fraction from the bottom of the
atmosphcric distillation equipment. Since, if crude oil is heated to a temperature
higher than required in atmospheric distillation; oil quality deterioration is caused
by thermal decomposition, this equipment distills under vacuum (approximately 30
mmHg abs) so that high boiling-point component will be evaporated in a relatively

~ lower temperature. This refinery 'u!op!s an ordinary vacuum distillation process

using a steam ejector.
LPG fraction recovery cquipment

This .equipment recovérs and refines propane (Cy. butal‘te' (Cy), pentane (Cy), ctc.

- light hydrocarbon fraction from the atmospheric distillation equipment ind slralght-

run naphtha stabilizer.

. Catalytic reforming equipment (UNIFIER & PLATFORMER) _

This equipment consists of two processes; the UNIFIER section that desulfurizes -

- the low-grade gasoline {straight naphtha) fraction to be fed and the PLATFORMER
- séction that manufaclures a high-RON (Research Qctane Numbcr) gasolmc blend-

stock by applymg reforming effects (aromallzalron and hydrogenation/decomposition)
on desnlfunzed gasaline. :

_ Sincc."tclivity'oflhe reforimer c:inlyst reduces day by day, operation is slopped and

the l’LATf*ORMFR catalyst is regencrated after a certain period. The licenser for

this process is UOP.
: Hydrogena'tion dcs:.ilfurizing equipmcm'(lS:OMAX')

‘This equipment mixes the raw material ol of kerosene and gas oil fractions with

hydrogen gas and causes denitrification and deoxygenation as well as hydrogenation -
and desulfurization as a result of reaction at a high temperature and a high pressure
under existence of a calalysl.

. The licensers are UOP and CHFVRON in the United States. Heavy metals such as

vanadium (V) and nickel (Nl) in the raw imaterial oil will generally form catalyst
poisons. The one-slage reactor is used for reaction with the amorphous catalyst
having the melal resistant cambnhly against these pOISOI‘l‘:

"Visbreaker _

This is a viscosity reduction equipment that applies heat lrehlﬁxcm to the fed high-'
viscosity fuel oil under rela!wely mild operating condiuons to obtain low- vascosnty
oil by breaking paraffin chains of naphthene and aromatic compounds .



Sulfur secovery equipnent

~This equipment consists of the amine absorbent recirculation unit that recovers
hydrogen sulfide (H,S) generated in desulfurization processes of the UNIFIER and
ISOMAX described above and the sulfur recovery unit (i.e. sulfur unit) that
converts the recovered H,S into liquid sulfur (§,) by the Claus reaction.

The designed capacity of the sulfur recovery equipment is 80 tons/day (sulfur
recovety rite 95 %) but the actually recovered volume is aboul 40 tons/day
* (according 1o sulfur content in the crude oil processed).

- -The reinaining sulfur in the tail gas of this equipment is burned by two incinerator
using the by-product gas from the asphalt equipment, and converted into SO,
(normally approx. 4 vd) to be released into the atmosphere.

Lube oil manufacturing equipment

The South Plant has the following lube oil manufacturing equipment, The licenser
-for these lube oil equipment is TEXACO in the United Statcs Twenty-three years
i have passed since these equipment were constructed.: '

RS Furfural extraction unil

. By using the excellent selective resolution capability of the furfurylaldehyde
(C, HJOCHO) solvent at 80 °C (o 120 °C, this unit removes aromatic compounds
~and naphlhcne compounds from the raw fube onl to extract hlgh grade lube oxl
. component, : :

2) MEK dewaxing unit

“Wax in faw oil reduces lubrication performance at a low temperature. “Therefore,
by using' MEK (methyl-ethyl-ketone; CH,COC;H,), the raw malerial oil is
resolved, cooled, and then the wax precipitated is removed by filtering for
refining.

'3) Hydrofinishing unit -
Hydrofinish is performed to improve the color, odor, and stability against
‘oxidizaiion of the lube oit. Since the operating conditions for this method are

~ milder than lhe’zordihary hydrofinishing methad for fuel oil, the running cost is
lower and the yield is higher,

___76-".



h. Boiler

The North Plant has three boilers, while South Plant has four boilers. The total
volume of generated steam is 1,600,000 Ib/h {720,000 kg/h), among which 300,000
ib/h (135,000 kg/h) is used for power generation and the rest is consumed in
processes. The fuel used is the fuel oil produced in this sefinery and the fuel gas.

In the South Plant, three boilers and a power generator are normally running (i.e.
one of four boilers is out of service for overhauling) The steam piping in the South
. Plant is connected to that in the North Plant for flexible use of steam.

Due to the limilations of the heating pipe strength against pressure and of the water
processing equipment, three boilers are normally running at a 70 % load.

i. Electric equipment

~ Electric power used by this refinery is normally fully supplied from the private
. power generating plant. The power line in the refinery is usually not connected
with an external power line havmg problems in reliability. Only in emergency
. cases such as power failure of the private power generation plant, power is purchased
“from the external power line. Purchased power is supplied at 20 kV to four 500
“kVA power receiving transformess. The total capacity is only 2,000 kVA, 50 it is -
“impossible to supply all power for the refinery. This refinety is divided into the
Notth Plant and South Plant, and the power lines are almost symmelrical, Each
power line has thrée 7. 2 MW power generalors. Among thése six power generators,
five generators are always running and the rest is provided as a slandby generator.’
“The North and Scuth Plants are connected with each other by using two 6.3 kV.
" lines, each of which passes through a 3,750 kVA reactor. The bus voltage of the
“power plant is 6. 3 kV as the voltage of the power generator. Power is always
supplied from both bus lines A and B to each plani (excluding the 2H substation
- plant} via two lings. No synchronous motor and power capacitor are installed, so
~the power faclor impreving actions have not been taken.

(11) Energy price -
Both fuél and power are produced in the refinery. Nothing is purchased.
(12} Study period SR o g

June 15 through 19, 1996



. (13) Members of the study team

a. JICA team

Leader : Norio Fukushima
Process management technology - : Kenji Kazuina

Heat management technology : Jiro Konishi

Heat managenicnt technology : ' Seiichiro Mariyama

Blectricity management technology: Kazuo Usui

Bconomic evaluation

b. PBO tcam:

Energy conservation
Energy conservation

: Shigeaki Kato (Preliminary study)

.1 Mr. A. Mazhari
© Mr. S, Akhavan

Macro level energy management: Mr. Azizi
Macro level cnergy managemeni: Ms. Zarvani
Macro level energy management: Mr, Mohamadzadeh (Preliminary slud))

| (14) Interviewees =

M. Aref Dow!atabadlan'.'

~ Mr. Mikailian

Mr. Mahtaji
Mr. Fathi
Mr. Zarch Dashli

-~ Mr, Ebrahimzadeh
- Mr. Tajik =
“Mr. Tehrani

Mr. Alavi - -

Mr_. Farldl

2.1.2 Enérgy éoﬁsump(ioh status

()

Production

Head, Operational Enginecring Depaciment

' - Head, Process Enegineering Department
" Head, Distillation Department (Preliminary sludy)
: Head, Power Utility Depastment :

Process Engincer

Process Engineer .
© Process Engincer

'NIOC Refineries Expansion Section o
‘Manager, Material Department (Preliminary study)

Table 2. l shows lhe toml crude oil volume processed and the major products produced

at both North and South Plants in 1989 through 1994, Since this refinery has not made

equipment modification, the crude oil volunie processed in this period was the high

© . level and average operation rate between 91 and 94 %, and the quality of the processed

almost-at the same level.

~ crude oil was almost not changed. Therefore, the throughput of each product remained

~78—



Table 2.1 Production of Major Products

1989 1990 1991 1992 1993 19944 1994

I;Ian(;c of Amount Amount Amount Amount T Amount Amount Yicld
roduct 1000m®  1,000m® 1000w’  1,000m’  1,000m' 1,000’ %
CRUDE 13,671 14,126 13,776 13,724 13,572 13,981 S 979
LPG 417 438 404 381 440 432 3.1
Gasoline 2,008 2,002 2,021 1,972 1,998 2,461 17.6
“ Kerosene 2,008 2,151 1,802 1,833 1,789 1,893 13.5
Gas oil 3,441 . 3,206 3,380 3,298 - 3,402 3,500 - 250
" Fuel oil 4,074 4,345 4372 4789 4,456 " 4,410 315
" Lube cut 382 382 " AS6 - 375 . 420 336 2.8
Asphalt 579 S 6T - 605 75 676 _ 611 4.4
(2)  Service Faclor
Since each equipment is out of service for approxuualely one momh in every three years
for normal mainlendnce, the werage service faclor IS 1pparenl!y
1 —(Il‘iﬁ) = 0972
o This rate is hlgher than that in Japan where each equlpmcnt is out of service for
' appro\lmalcly one month in every lwo years (i.c. apparent operation rate: 1 - - (1/24) =
0.958). However, the real average rate presumied from Table 2.1 is between 0.91 to
0.94, which is lower than the level in Jap'ln (= 0 95). The reasons scem to be effects of
- emergency shutdown due to opceration troubles.
(3  Energy consumption

~ Table 2.2 shows the ulili_itie_s consunied by both plants.

Table 2.2 Ananal Utilitics Consumption

o Cdnsdmblidn
Name of Utilities ' — e ——— o
: ' C 1989 - 19%0 1991 1992 1993 1994

“Natral gas (108 mY) 47 IS 48 466 a3 578
Fuclgas - (10°mY) 456 688 © 'ss3 . 378 “a7n 333
‘Fuel oil (1,000 m*) T 346 336 234 298 272 319
“Slop oil (1,000 m?) Sm A 149 106 - - 18 122-
Electricity ~ (MWh) 200,527 177,780 189,403 196,456 182,220 188,650
Water

" {1,000 m?) 7,426 7,465 7,751 1,716 6,784 6,570



Generally, the refinery uses non-condensing off gases (H,, C,, C,, etc.) discharged from
each equipment as fuel. Therefore, consumption of natural gas, etc, introduced from the
outside is small,

There is no other plant in the snrrounding area of this refinery. Therefore, they can not
enjoy the opporiunity of improvement of energy efficicncy by such means as passing
raw materials to or from surrounding plants through the pipeline or sharing various
utilities, as scen in industrial complexes in Japan.

(4)" Enecrgy consumption by process

The meters of ulilities are installed al the supply side of each ulility but no meter is
‘provided at each consuming site. Therefore, we could obtain only partial measurement
data in this survey. Further, cach utility is balanced between the Norih and South Plants

~ and some utilities move between both plants; therefore it is impossible to catch the real
consumplion at cach plant, Since actual running data could not be obtained, Table 2.3
shows the designed energy consumiption by equipment in the North Plant.

“Table 2.3 Encrgy Consumplion

Base: Design value

" High Pressure Mecd., Pressure Low Pressure Electifcity

Unit . : " 4650 Stcam -+ #300 Stcam ¥60 Steam
o : th- th t’h kW
"~ Atmospheric & * _ o : : ‘ : ' ‘
" yacoom distillation & twbe | Y187 148 363
LPGunit - ' _ 94 68 4522
Isomax o627 3.0 (+25.47 . 1,1915
Platformer | 147 01 001 773
Visbreaker - Y I 03 - © 1,164
Roofing asphalt S B T e o -
Paving asphalt - 16.7 _ - _ 16.6

Notes *1: Almosphéric’ distillation (100,000 BPSD)
¥2: Steam production by exiraction
#oopsig 3

Taible'?.ci shows the power supply/demand status of the North Plant. At the point of
© survey, power generator 2A was oul of service and Iwo powér generaldrs, 213 and 2C,
- were running. For the load-side power, the numeric value shown on the cumutative
“power meter on the power distributing panel is used. For the power factor, the value

measured at a different point of time is used. Power consumed by the entire North Plant
“is approximately 12 MW and the power factor is 82 %.



Table 2.4 Power Supply and Demand Status (North Plant)

15:00 Jun. 17 to 8:00 Jun. §8

(Supply side)

Active Power Reactive Power Power Factor  Apparent Power

Equipment '

quipment Name (MW) (Mvar) | (MVA) Remarks

Generator 2B 4.98 3.04 0.853 5.83

Generator 2C 4.97 -394 0.783 6.34

Generator total 9.95 6.98 0.31% t2.15

South plant : : . .

Delivery total - 0.06 0.12 7 0.46 013 " Demand and supply
balance adjusiment

Supply total '9.89 6.86 0.82 12.04

(Load side)

Aclive Power Reaclive Power  Power Factor Apparent Power

.Eqmpl.'n:en_t Name ™Mw) (Mvar) (MVA) ‘ Relj.larks
SUB2A(A) 0.83 0.46 0.87 0,95

- SUB2A(B) 1 0.63 0.44 0.81 0,77
SUB2A total 146 0.90 0.85 1.72
SUB2B(A) 225 st 0.83 27
SUB2B(B) - 1.54 1.20 0,79 1.95

- SUB2B total -~ 3.79 2T 081 4.66
SUB2C(A) 088 0.59 684 166
SUB2C(B) 10.68 0.52 079 0.86
SUB2C tolal - LS6 L1 - 0.32 1.9}
SUB2D(A) - 0.90 0.61 082 1.09
SUB2D(B) 0.69 035 076 0.91 .
SUB2D total 159 0.96 . 0.85 1.86
SUB2G(A) 0.65 0.49 0.8 082

" SUB2G(B) 70,36 0.27 038 045

" 'SUB2G total 1.01 0.76 08 L 126
suB 0.48 042 0 0,64

* Load total 9.89 6.86 082 12.04

._«81 —_



Since power supply depends on private power generation only, safe and stable operation
with the refinery is important when energy conservation is considered. At the point of
study, the equipment utilization factor of the power generators (= average powet/
generator rating output) was 69 %, which means a significant allowance. For the entire
refinery, it may be possible to decrease the number of power generators from 5 to 4.
However, three generators cannot supply the entire load and there is a limilation on

purchasing electric power. Therefore, a problem may arise when a generator is out of .

service. When the bottie-neck in supplying parts is considered, the light-1oad operation
may be inevitable to reduce the potential of troubles.

Table 2.5 shows the load fluctuation ineach substauon at the pointof study. Substations
excluding 2H are m a stable load status,

Table 2.5 Load Fluctuation at Each Substation

Substation Name 2A 2B 20 2D 2G 2H " Total Load

Maximuom power (MW) 1.56 ' 3.8_0 1.57 1.62 1.02 0.25 1213

Mcan Power (MW) © 1,83 375 1.45 1.62 1010 007 1174

Minimum Power (MW) 1.48 368, 138 161 1.0l 0.04 1.13
) Energy intcnsily

(6} .

At lhe snc using each utility, there is no meter prowdcd anrgy consumption on a
pracucal basis can only be checked for the entire refinery.

Level of ene;g'y inten'sily is as follows:

Blecwricity: - 14.4 KWhim? - crude oil

Steam: . 431 kg/m’ - crude oil
Industeial water: 532 L/m? - crude oil
Compressed air: - 9.37 m¥m?® - crude oil

Since real operation dala other than a part of the heating furmace capabitity and the

energy consumption of the entire refmery could not be oblamed it is not possible to

compare lhe cnergy intensity with that of plants in Japan
Energy ﬂow

Fi:gur"e_2-.4r shows the éncrgj flow bf the entire ref inery.

G 5 3
L‘g“



Figurce 2.4 Encrgy Flow -

Crude Oil < ' Natusal Gas
13x10° KLYy i
ng...-. ........‘h..‘.,.......‘...__....‘.‘.,,.._._....h.......v...........".u....‘__‘_._.-)
Y
Y C
Process | FuelGas™ | Boiler . _;}_________} Turbine
Heating Furnace _ - 3sets | ASteam ' Generator
18 sets | Fuel Gt ‘ ' T2MW x 3
\ ' :
Electricity : : ¥
¥ — o
Lube Cut .
‘ S S R | S S
‘Product - |
o I
_ : ! L _ :
_ : . South Refivery . -
¢ . Heating Furnace 24 sets,
' : . Boiler 4 sets, A

' Generator 7.2 MW x 3
b :

~ Pigure 2.5 shows the steam system in this refinery.

All compressors in this refinery are driven by steam.  In summer scason, low-pressure
{60 psig) steam is purged into air.



#300 psi Steam

2.1.3

Figure 2.5 Steam System

#650 psi Steam
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‘Energy Management Stalus

To implement operation for encrgy conscevation, il is important that each employee through-
oul the entire plam finds and thinks about problems and Hlxe proper acuons for improvement _
in an organized manner. - N

For this putpos¢. the. promotion system and each employee’s consciousness on energy
conservation are vilally important. It may be difficult to achieve effective energy conservation
unless the grass-roots’ energy conservation improvement ac!wmesthrough the target managemenl
proposal system, c¢le. is settled as much as possible.

(1)  Setting the energy consezvation target = .-
In LR, Iran which is a hmjor‘ oil producing éounlty, the cnergy (peltolcum) price has
been low and energy conservation in this refinery has not been considered since it was -

constructed. Therefore, a meter is provided at the process fluid side lo control produced
amount but melers are almost not provided for each utility. :

H-84H
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To promote energy conservation, it is essential te grasp the real data of energy consuniption

through inspection. For the current status of this refinery, components and systems for
controlling the energy use in detail are hatdly provided. For a while, it is necessary 1o
set the control target vatue bascd on existing components and promote encrgy conservalion
on a software basis by preparation of operation manuals, etc.” According to the plant
people, approximately 100 new meters for oil and approximately 50 meters for gas are
required for energy conservation. And they said the total investment cost amounts to -
approxima’lely US$ 450,000, which means it can hardly be realized. .

In this regard, the Japancse team explained that each item,: wherc installation of
metering equipmeat seeins necessary, is evaluated based on the mvcstmcnl cost and
profit, and higher priority items (higher merits and shorter payback period) wuhm the
scope of budget are selected and implemented scquentially and that with this method, -
the profit may be large even though the investment is low.

Organized activities

In this refmery, the Energy Managcmcnl Commiltee was orgamzed after lhe poml of

- preliminary study in October, 1995, but actual activities have not been performed since
- then. In this study, we found that, as the only activily of this commitlee, the steam leak

prevention team was ¢stablished and leaking locations in the South Plant were being
listed. The result is expected. '

To promote energy conservation in a systematic manner, collaboration between this
commitiee and related departments (i.e. administration department, engincering department,

_ operallon depariment, ctc.) is required. For llstmg lhc s!camleakmg locations, as much

cooperation of related group as possmle is necessary

- For promouon of energy conservauon m Japan, the proposal system plays a hig role.

Practically, the proposal system is suppmlcd by the target management system and aims
at troubleshooting of problems that arise within the energy conservation activities.
Figure 2.6 shows an example of the opcrallon farget management chart that is aclually
used in a refinery.

- For target management, operation control targets relaling (o process operation variables

{flow rate, lempcralure, prussurc) are sel, a m'mager is designated, and then a graph is
plotted evesy day. Ifa failure (i.e. target overﬂow) occurs in operatlon data, the dala is
immediately followed up; and the action’to be taken is examined. Actions that can be

‘invmediately taken should be implemented immediately. Actmns that cannot be taken

immediately bul require equipment modification, ete. should be e).ammed by as many
as people concerned to summarize a proposal. Table 2.6 shows an example of the
proposal form. '
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Table 2.6 Improvement Propesal Form

Date

Title Drept.:

Name:

Current problen:
- {Describe quantitatively and specifically the mateer to be improved. Please attach the actual data, if avmhblc }

Improvement proposal
(D\,scnh, your 1mpr0\..,nu nt prop0<a1 quanulamely and spclﬁcally Please gne dala analysus resulls if avallabk )

General comment: :
- {Describe the comment of the responsible reviewer.)’

" Bvaluation items: o o Evalu'a!i_on result:
I‘zcon:.‘)m]ralefﬁcnency. o ¥Year | Grade
Workability improvement _ * PersonYear (Grade 1, Grade 2, Grade 3, Grade 4, Grade 5)
(¥/Year) -




3

‘The proposal submitted is evatuated by the related engincering group, etc. and reviewed
by the specific organization. The proposal adopted may be awarded or reflected to
personnel evaluation to stimulate the people’s participation for fusther proposals.

To promole eneigy conservation, all employees or as many as employees must participate
in energy conservation activilies. As many as people should find as many as problems
from each standpoint and make comments or submit improvement proposals. Incorporating
target management will result in detection of problems and proposals for them dlrcclly
associated with daily work.

- It is essential that the related administration group, enginecring (maintenance) group,

and operation group cooperate with each other and that each résponsible person recognizes
himsetffherself as a professional on hisfher jobs to find potential problems and improvenient
points.

' Control based on data

To eliminate useless energy consumpuon by reducing process steams (stnppmg steam

and injection steam), etc. and controlling the distillation tower reflux ratio and over-
* flash volume as important energy conservation items in the reﬁnery, coniro! must be
' enhanced by cheklng the real data on e\usimg equipment.

For this purpose, maintenance of ¢xisting metering components should be perfornied :
‘pertodically to maint_ain"e:ich accuracy, and inspection on each equipment should be -

‘conducted fo review prOccss'conlrol standard (temperalurc pressure, flow rale, etc.) of
‘important control poinl and revise them accordingly. For the reviewed values; the

operation manual and standard should be modified and the values should be reflected to

control using the operation check sheet described below., In this piam the flow meter '
‘is not provided at th site where each utility is used; therefore the value indicated by the L
retated measuring component or the openmg degree of the control valve should be used '

as & substilute for control. _ : : _ , . E

When the operating condition is changed, encrgy conservation can be accomplished by -

Sc:lecling the optimum operation pattern malching thai revised operating condition as
soon as possible. Regular mamlenancc and review of operallon ‘manuals are important
10 accelerate it

Afier the proCe:ssf contro} values are reviewed, it is necessary to correct the reviewed .
items in the operation check sheet and check to see if the new control vatues are °
~ achieved évery day after patrol. If any contro! value is not achieved, the necessary
‘action should be immediately taken. When the immediate action is impossible; the plan _

to treat with should be clanﬁed at first and proper action is taken later at a proper
timing.

.__88__



Opération control using the check sheet shown in Table 2.7 allows also detection of
problems directly associated with daily equipment operation, and itemis to be improved
for energy conscrvation can be found.

Table 2.7 Check List of Daily Operation

. . . Follo _
Tag No. Service Operation Target  Operation Data W Remark
_ Yes/No
Pic-AAAA  Tower top press.  *** psig Fadak
" TC-BBBB  Reflux drum P44 Deg.F rars
" Fre-XXXX Side product  *** BPSD seran Flow meter
FI-YYYY Stripping steam *EE lbf_hr' SkEEEE Flow meter
C-7722 Stripping steam rate *_*4* lb-STMIIb-Prod. ‘ .‘_***"f* a _Caléu,‘l_atc_d value
_W:lh the srde slrlpper flow méters for lhc strlppmg sleam and each product were both
. installed for controlling the initial boiling point: of the product since the time of
" construction. Thereforc, managemem (cnergy conservatlon) control is implemented for
(hls item, : ;
Management based on measured data is important for energy conservation. The daily
" operation check list (Table 2.7) shou!d include éncrgy conservation control items and
be combined with chart control (Flgnrc 2.6) so that quanmauvc management can be
_performed as much as possible. We expect thal such manner of control will result in
'amprovemenl pmposals (Table 2.6). :
{4) Educalion and lraining of employees

In this refinery, almost no ene;gy conservauon acuvmcs hava been :mplemented nor

has employee training been conducted. To promote energy consérvation, it is necessary

to create a system in ‘which each employee think about improvement. For this purpose. ;
ralsmg of each employee s consciousness is finally requ:red :
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Employee training on encegy conservation will be an important issue in the foresceable
future.

The number of employces is about twice larger than that in similar ptants in Japan,
However, the number of engineers in each process, mechanical, or electric field is a half
or less than that in Japan, Instead, employees engaged in maintenance and operation are
several times larger. In other words, this refinery has personnel intended for equipment
maintenance to maintain the stable production of petroleum products.

Therefore, the current engineer organization has a limitation when this refinery originally
implements vasious technical studies for efficient improvement on energy etc. to put
hardware improvement into practice, in addition (o improvement of the operation
efficiency using software. If development of original energy conseivation technology
may be desired for this refinery in future as implemented in plants in Japan, il will be
necessary to improve personnel mganizélion’ by training engineers on a long-term basis.

Equipment management

This refinery has extremely many industrial ‘water leak and steam leak locations
compaud with Japan. Also, the heat insulating material is broken, and part of the steam

" tsacer is exposed or leak from the gland seai for the pump or valve was found.

When we were measuring temperature distribution around the caoles in the ficld, leak

‘of ‘a significant amount of kerosene vapous from the body flange of the kerosene

reboiler was found. “Although the kerosene vapour was slightly grayed and different

from pure white steam, it may have been difficult to find the keroscne vapour leakage
'_ in lhc environment where steam !caks exlsl every day.

_Accordmg to our notice, the kemscne vapour was reponed to the maintenance group.
. (The fevel of this leakage requlres emergency stop and maintenance of the cqulpment in

' - Japan.)

As described above, the equipment control status of this refinery is appareﬁtly poor. It

is nccessary to :mprove the equipment control systcm in the fulure energy conservation
activities.

Problems with Energy Use and Countermeasures

1

- Comparison with'a new Japanese plant

a. Complexity factor and energy efficiency
Since detailed data on 1he'lhroughpu.t and energy consumption for each equipment

was not obtained, no comparison with a similar Yapanese oil refinery could be
conducled in detail,
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As a method of evaluating the energy efficiency of an oil refinery, a complexity

factor complementing for the equipment constitution is used.

For your reference, a Nelson complexity factor was estimated by dividing the
amount treated by each equipment in proportion to the design value based on the
actual crude oil treated amount. As the result of calculation, an approximate value
6.734 was oblained as a complexity factor for the North Plant as shown in Table

2.8.

Table 2.8 Complexily Factor

Name of Unit

Complexity

" Complexity Factor¥ Operation
(Fecd kL) o

© Atmospheric crude distillation 1.00 15,898 - 1,000
Vacuuni érude distillation 200 1,174 0.978
Visbreaker 2,00 3,180 1 0.400
Hydrocracking (Jsomax) - 6.00 3,180 §1.200

' Catalytic reformer 500 2147 - 0.738

" Hydrogen production 3.00 6,121 1,155
Asphalt (Blown) 2.00 906 - 0.114

" LPG recovery 1.50 976 - 0.092

' Stabilizer splitter 3.00 12,341 0221
Caustic wash - 2.00. . 2,21 0214
Lube cut fower 2.00 2,605 0328
Total 6.134 (Ch)r

*: Revised coinplexiiy factor

The appromnate value. 1) for lhe entire o:l refmcry was calculated by using the
energy consumptiom for the entire oil refinery on the assumpuon that the both
South and North Plants have nearly the same complexity factor from their s:mn!aruy
in the facility constitution.

3 = FrI(A.:_x (CR))

where

Fr:

“Fr =

C A

(CF)r: Complexily factor of the refmuy

: Tolal fuel volume consumed by the cqulpment in the reﬁnery
~(Total fuel volunie: keal)/9,250 (kcal/L) :

Volume processed by the atmospheric distillation’ eqmpment (I\L)
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Here,

Fr=1,433 x 10° L. (based on the aclual consumption in 1994 shown in Table 2.2)

Therefore,

1= (1,433 x 10%) / [(13,981 X 10) x (6.734)]

=15.2

" As a result of the calculation, 1) of both North and South Plants is approximately
15.2. In the correlation diagram of 1 and production volume as shown in Figure
2.7, it is about 1.5 times larger than the example (average 1 = about 10.0) of the

* cquivatent-scale refincry in Japan (15,900 kL/d in terms of crude oil).

Figure 2.7 Complexity Factor \'s.: Efficiency of Energy Consumption
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b. Genesal situation of energy use

During normal operation in this refinery, the tank for feeding crude oil to the
atmospheric distillation équipment is switched within five to seven days but the
crude oil type (mainly Iranian Heavy) and its properties are hardly changed, and
variation in the delivered oil volume is small. Therefore, compared with oil
refineries in Japan that import crude oil from many couniries and adjust operation
according fo a variety of production needs, ¢nergy control is easy in this refinery.
However, due te the inexpensive energy costin Iran, necessity of energy conservation
has not been recogntzed and actions for energy conservation on the equipment
have not been taken into'account since the construction of the refinery (.g. a meter
not installed at each equipment site using the utility). o

Also, equipment modification for energy conservation has riol been implemented
Compared with plants in Japan, there are many steam leak points in this plant
(Sec (6)). For the current status of lhlS refinery, the daily energy managcmem
system may be said to be madequate

To improve the tolal encsgy consumpuon efficiency in this refinery, efforts to
increase the volume of 6il delivered should be made by taking the deboitlenecking -
~ actions such as improving the cooling capablhty of the cooler on the tower top of
the vacuum distillation equipment (See {(5).) and:so on from the viewpoint of
“ hardware on the entire equipment of this refinery. Also, meters should be installed
for utilitics and various energy modification should be implemented.” From the
viewpoint of soﬂwarc, efﬁcnency should be maintained by enhancing operalion -
control. :

c. Key p'oin:ts in encrgy conservation

In Japan, energy conservaltion actions are genenlly divided into the following three
steps depending on the reqmred investment;

‘Step 3:  Management enhancement
‘Step 1l Equipment addition
Step 11: Process changes

'In the’ manufacturmg s:tes lhese action 1lems from step | to 10K ace implemented
step by step.

Generally, the process fluid is heatedup o a spec:f:cd lcmperatum in oil refining.
“In this case, “required combustion” in the heanng furnace is represented by the

following formula:

{Required combustion heal) (chuned heat of the process ﬂuxd} + (Hcat lms)
. {Heat given to the process fluid by prcheatmg)



where “Requited heat of the process fluid” means the calories required for processes
such as distilation and reaction of raw material oil in the processes after the
furnace. It is a fixed value required for the processes.

This total amount is unchanged unless the processes are drastically changed even
though energy conscrvation is promoted,

Hence, to reduce the “required comb.uslion heat”, “heat loss” should be reduced or
“heat given to the process fluid by preheating” should be increased. “Heat loss”
includes not only heat radiation from the furnace wall but also exhaust gas loss.
“Hert given to the process fluid by preheating” means the calories transferred to the
raw naterial oil fed o the heating furnace. If the feed oil is preheéated, “Required
combustion heat” in the heating furnace can be reduced by the preheating value.

For energy conservation in oil refining, activities from both aspects, software and
hardware, are important, that is, operation control in terms of software and equipment
improvement in terms of hardware. With these activities, “Heat toss” should be
reduced as much as possible. “Heat given Lo the process fluid by prcheating”
should be maximized, and combustion control should be completely impleriaerited.

“For the heating furnace, heating only the process fluid lets the combuslibn exhaust

gas at a high témperature get oul. Therefore, this exhaust gas heat is usually used

for final preheating of the feed oil or prehealing of the combustion air (air preheater)'

or rehzating the steam (super heater) to attain energy conservation.

This sludy fcve'aled that most heating fuma’ces let I'he combustion exhadust gas of a
h!gh temperature get out. For these furnaces, encrgy conscrvauon can be achlevcd
- by installing the air prcheater and steam super- heater :

‘For- prcheatmg of the process ﬂutd the h:gh temperalure process ﬂuid at the
downstréam of this process lb generally used as heat sourcc

The high-temperature oil in oil r'efining processes should be cooled down to the
specified temperature before the oil is exiracted as the intesmediate product or final
product. If heat to be removed by coolisig can be transferred to the feed oil,

reqmred combustion heat” can be reduced.  Theréfore, a case study of heat
' .uullzauon opum:zauon walh a heal exchanger is required in proc:,ss dcs:gn

- If preheating the process l'_lui'd is drastically achieved from both aspects of equipment

iniprovement and operation conirol, “required combustion heat” in the heating |
furnace can be closer to zero. Actually, a gas oil desulfurization equipment in a

plant of Japan has reduced “required combustion heat” in the healing furnace

‘clasely Lo zero {minimum combustion heat in the equipmem) by adding a heat
exchanger. In this example, if there is an additional smalt heat source, “required
combustion heal” can be zero. In a case of new installation or step Il level
modification, an equipment without a rcheating furnace can be installed.



" To implement cnergy conservation in this refinery, maximum heal recovery by
operation control enhancement in step 1 will be effective for the existing heat
exchanger. To enhance heat recovery newly, addition of the heat exchanger in step
11 or enhancement of measuring equipment will be required.

Generally, an allowance is often added in the design stage considering the property

variation of the oil to be processed, in construction of oil refmmg cquipment. When
compoenents such as the pump, heat cxchanger CV, etc. are being selected, models
having the capacities higher than the designed valuces are selected. Consequentiy,
excessive capabilities of about 10% are oflen provided finally.

“Thus, the property variation of the oil to be processed should be foltowed up after
stariup to optimize the capacity of the equ:pmenl and yet there still remams some
room for cnergy conservation.

‘_ {2) Heating furnace
(2-1) Installation status
~This refinery has 17 heating fuméces in the North Plant and 22 heating furnaces
in the South Plant: Table 2.9 shows the designed valucs of combusuon capacily,

raw material processing capacily, etc. of these furnaces "For some hea!mg
~ furnaces, actual data of the combustion volume was avaliablc



Table. 2.9 Heating Furiaces (1/2)

I. North Plant

Note #1: Total duty of 211-401 & 2H-402

Design  Operating Feed Outlet el Built
Tag No. Unit Namg Duty Duty Rate  Temperature Kind Year
_ Gealh Gealh kg/h °C
1.1 ATMOSPHERIC & VACUUM DISTILLATION unit _
2H-101  Atmospheric disliation unit 1 56.6 515 529,900 360  Gas, Qil 1974
- 2H-102 Keroscne (distillation) £9 -39 172,100 258 Gas 1974 .
S 2H-181  Vacuum distillation unit 303 28.9 320,700 427  Gas, Oil ' 1974
2H-181  Lube distitlation vnil .8 17l 140,200 385  Gas, Qil '~ 1974
1.2 PLATFORMER unit _ ‘
2H-20t  Unifiner 49 ag 62,130 388  Gas 1974
2H-202  Unifiner stripper 43 4.1 135,400 210 Gas 1974
2H-251 - Platformer R} 5.3 1.9 136,500 538 Gas 1974
‘ “2H-252 Platformer R2 12.8 16,7 . 136,500 538 Gas 1974
- 2H-253 Platformer R#3 3.2 2.4 136,500 338  Gas 1974
2H-254  Platformer stabilizer reboiler - 5.0 50 168,500 242 Gas S 1974
1.3 VISBREAKER unit - | |
(2H-30)  Visbreaking unit 212 212 126000 488 Gas 1974
1.4 ISOMAX unit . . | | |
2901102 Isomax unit | CSA 39 18250 381 Gas 1974
21-403 - Isomax unit . 91 - 01 232006 323  Gas 1974
2H-404  Isomax unit SRR X 96 104100 371  Gas - 1974
"2H-405 - Isomax unit 06 = 06 20,490 318 Gas C 1974
1.5 LPG recovery unii | ; ' .: : ' s
2M-601  LPGunit . a8 32 99770 218 Gas - (1974 -
16 H, gas manufacturing unit - ' '_
2H-801  Hydrogen unit 499 . 499 7220 804 Gas 1974



2. South Plant

Table. 2.9 Heating Furnaces (2/2)

Built

Design - Operating - Feed  Qutlet Fuel
Tag No. Unit Name Puty - Duty Rate  Temperature Kind Year
Geabh Gealh kg/h °C
©2.1 ATMOSPHERIC & VACUUM DISTILLATION unit
H-10% A.tmosphcric distitiation uait 35.5 - 639,300 - 360 Gas, 0il -~ 1968
H-102 Kerosene (distillation} 8.1 8.1 146,200 258 Gas 1968
"H-151 Vacuum distillation unit’ 24.0 240 320,500 - 301 -~ Gas, Oil 1968
2.2 PLATFORMER unit -
'H-201  Unifiner o 4.9 38 51,620 388 ° Gas 1968
'H-202  Unifiner : 30 30 83,150 199 Gas 1968
H-203 Unifiner 3.0 26 971510 210  Gas 1968
H-251 Platformer Rl “13.9 - © 137,500 538 Gas - 19638
‘H-252 Platformer R§z2 1.1 . 11.2 137,500 538 Gas - §968
H-253 - Platforier R#3 1S ~ 137,500 538 : Gas 1963
H-254 Stabilizer reboiler ~ + 6.3 - 185,900 - - 248 Gas 1963
2.3 VISBREAKER unit - - |
H301 Visbreakingunit . 334 304 145000 491  Gas 1968
2.4 ISOMAX unit | - o
H430102 Isomax unit L 307 30 67,7600 413 Gas 1968
H-433 - Isomax unit o 233 - 204,800 * 39) Gas 1968
2.5 H, GAS MANUFACTURING unit -~ o
H.801  Hydrogenunit 280 280 71,220 804  Gas 1968
26 LUBEwnit: o o
H-1101 Propane deasphalting - 4.7 ~ 31,970 260  Gas 1974
H-1102  Propane deasphalting 6.9 - 122,000 260  Gas 1974
H-1201  Furfural unit B B - 25,440 204 Gas 1974
H-1202  Furfural unit - 21.0 - 211,200 232 Gas 1974
H-1203  Furfural unit 1.9 - 19,510 204  Gas 1974
H-1301 = MEK _ . 68 ~. 59900 204  Gas 1974
H-1302 © MEX- s - £ 23050 204 ° Gas 1974
K140t . Hydrofinishoil = s - - 60,200 288 - Gas 1974
Note *2: Total duty of H-430, H431 & H432
3, Boiler .
. _ ‘ " Design Ope.raling' " Feed  Outiet - Fuel " Puilt
Tag No. Unit Name Duty  Duty i Rate Temperature Kind —  Year
_ "‘Gealh Gcealh - kg/h °C
B-210lABCD  Doiler - - 145,100 399 Gas,Oil 1968
2B-2101ABC  Boiler ' - - 145,100 399  Gasonline 1974

— 9’! —_



{2-2) Measurement resull and heat balance

Outline of measnrement

Some heating furnaces in the North Plant and boiters in the South Plant
were measured by using the portable measuring equipment carried by the
study team. ‘Table 2.10 shows the summary of measurement, For the item
measured, oxygen in the exhaust gas, for which noonstréam oxygen analyser
had been provided, was mainiy measured.

" Table 2,10 Ficld Measurement

: Ecjuipmenl

Tag No. - Date . Items

" Heating furpace for hydrogen generator ' 2H-801 16-Jun Oxygen & temperatu;e of exhaust gas
Atmospheric distillation furnace 2H-101 17-Jun " Oxygen & temperature of exhaust gas

Vacuum distillation furnace

Heat exchanger
- Heat exchanger

2H-151 18-Jun Oxygen & temperature of exhaust gas
2E-173 19-Jun Cooling water flowrate
2E-258  19-Jun Cooling waler flowrate

All of the heating furnaces measured in this study were of the natural draft.

~ type. Since no metering is providcd on the utility side such as fuel, fine

- exhaust gas is higher than an e'xample of the heating furnace in Japan as -

combustion control is impossible. The measured O, content in the combustion

shown in Table 2.11 (O, content: 2 to 4.2 %, air ratio: 1.1 to 1.25).

The exhaust gas temperature is as high as 320 10 470 °C. The exhaust gas

- temperature at APH outlet in Japan is 150 to 160 °C, which is close to the

Table 2.11

acid dew point control vatue obtained from SO,.

0, Content in Exhaust Gas and Exhaust Gas Tenipei‘aluré ‘

0, Content in Exhaust Gas  Exhaust Gas Temperature

2H-101
C2H-151

841086% - 397°C
8% o 474°C
03 . 320°C

2H-801

b.

:Combusti:on calculation

For combustion calculation, spreadsheet created on a PC was used. When

fuel components, air temperature, oxygen content in exhaust gas, elc. are

set, fuel heat generation, combustion gas contents and volume, combustion
air volume, air ralio, etc. are calculated and displayed on this spreadsheet.
Also, effects of air ratio adjustment and air preheating can be obtained by
using oxygen in exhavst gas as a parameter. Table 2.12 shows the combustion
calculation result,
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Fuel composition

Table 2.12 Combustion Calculation

Theorétical combustion

Actual combustion

Componenl Volume
co 18 %
€O, 0.0 %
H, 6.3 %
CH, 86.8 %
CH, "2.9%
CH, 00 %

- Gl L5%
Ccl,, 0.7%
" N, 00 %
0, 0.0 %
H,0 0.0 %
Fuel temperature 30

Air condition

“Air lcmpcramr_é . 130
" 'Ambient lemperalure 30 -
" Humidity 44 9’_q

Exhaust Gas

Wet Dey
€O, 26% 120%
N, 70.5% 88.0%
0, 0.0% 00%
H;0 19.9 % -
Volume 10.59 ' 8.48

{m¥m?fuel gas)
Air required

Wet Dry

9.61
(m¥m*fuel gas)

9.45

Heat value of fuel

CHL 8,577
“Hh

9,493

“ (keal’m?)

Remarks Underlmed is set value. :
~Airand gas volume is expre»sed under nermal condal;on (P = 1.033 kg/em? 1bs T=0°C)

Ixhaust Gas Volume & Composition

Volume Wet % Dry %
- CO, 1.02 6.6 % 1.7 %
N, 11.19 72.7.% 34.8 %
o, 0.99 64% - 15%
H,0 219 143%
Cco 0.00 0.0 % 0.0 %
Total 1539 '1000% © 1000 %
(m¥m*fuel gas) -
Air consumed
Wel Dy’
Excess éir- 479 . 4.
Air total ¢ - 14,40 14.16
Air ratio . 1.50 150

“{mm?*-fuel gas)

For air volume and exh_aUst gas volume and componenls, the values in both
dry and wet sates are indicated.

N Oxygen content in exhaust gas and aic ratio

Air ratio is calculated from oxygen content in exhaust gas. Figure 2.8
shows this relauonshlp, which may vary depcndmg on fuel! composition,

but its effect is small.
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Figure 2.8 Air Ratio/Oxygen Content

20 -
18 |- /
g !¢ - 1 '
12 T
190 ' : : : el
0.0% 20% - 40% 60% - BO0% 100 %
Exhaust £as OXygen conlent .
2)" Oxygen contenl in exhaust gas, exhaust gas volume, and other characteristics’
~ Table 2. 13 shows required air volume per fucl unit, exhaust gas volume,
- CO, content, and exhaust gas density in addition to ‘oxygen contenl in
exhausl £as and air ratio ;
Table 2,13 Characterislics
- ' ) i . o B h'. - : CO,(wcl)‘C'omcntE o : Weish
- O @ry) . Air Ratio : ﬁAI!‘ (wFt) xhaust Gas " in Exhaust xhaust Weight.
(%) (m¥m-fuel gas) (m’lm’ fuel gas) (%) ~(kg/m* fuel gas)
00 " 1000 961 - 1059 96 i 1302

2.5 Cna21 e R L .86 . 14.51
5.0 1.281 12:30 : 1329 - 17 1647
7.5 1499 CU1a40 1539 tes 19.15
10.0 1.816

1745 1843 55 . 0 2305

¢, Crude Oil Heater 2H-101

This equiptilenl isan upri"ghl‘s'quare furnace, on the bottom of which many

heavy oil burners arc laid out. A radiated heat lransfcr surface is formed on . |
* the inner wall of the furnacé with tube walls arid horizontal conveclion heat
~ transfer tubes for oil heaung are laid out on the celllng of the furnace.
~ Combustion gas goes to the stack provided on the top of the furnace via the ;

horizontal wbes and discharged. Airsupply to the burners on the bottom of
" the furnace can be individually adjusted by using the manual damper.

In addition to the general upright furnace structure, this cquipment has the
- steam superheater using horizontal tubes on the ceiling of the combustion
- chamiber.
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For this equipment, the residual oxygen content and temperature were
measured in the exhaust gas flue duct at the inlet of the bottom of the stack.
Measutement was connccted to the recorder and time-series variation was
observed.

1} - Measurement result

‘Figure 2.9 shows oxygen content in exhaust gas and exhaust gas
-temperatore measured in the field and the meter indication in the
related control room. In this figure, conversion of the meter indication
unit into the meicic unit is also shown, ' '

Figure 2.9 Measured Data for Crude Oil Heater 2H-101

<Crude heater 2H-101 for atmosphéric distiliation, North Plaat, on 17 June>

Stack exhaust
0:=84 % 086 %

A T=397°C S
S T =726 °F (385.6 °C)_ _ Superlieater-out
- Heater oil - ) 1 ’ . . —p T = 700 °F (371 OC)
=653 "F (343 °C) | ' ~|.__Steam superheater-out - P = 60 psi (4.3 kgiem?)
— “Steam superheater-in = 42.670 Ib/h (14.8 kL/h) -
2H-101 4— '
: : 4 .
. _ Feed il Mlow, eight Lines a5 below:
| 4 A Al
Fuel oil | . B 32
- F=not mepsured C 34
T=216°F{1022°C) D = 350
; - F 3.0
Legend: Block letter for mcasured valucs _ G 50
Under]lncd lcller for contro! room readmﬂ H ‘4.9
: ' . Total:  40.0% 1,962 bbl/d
T=  Temperature (517 kL/h}
b= Pressure T =438 °F (225.6 °C)
. F=  Flowrate , inlet of convection section
Unit . Fahreaheit
UnitC

Celsius -

Oxygen content in exhaust gas is not mcasured in the control room.
The exhaust gas temperature indicated by the meter in the control room
*is approximalely identical to the value measured in the l'u_:ld.
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2) Sutface temperature and heat emission calculation

As the cquipment dsed 1o’ measure the surface temperature of an object
in a contactless mode, the “Thermal Video System” is available. With
this measuring cquipment, infrated emission from the object surface
can be caught by a eamera and color-displayed on the CRT screen as
temperatare distribution and the image can be rccordcd on a floppy
disk as a still picture.

This equipment allows viewing the surface lémpcmlu re of an equipment’

or steam plplllg superﬁc:ally and dynamically and also displaying
temperature dlslnbuuon across ¢ 1ny Cross sccnon asa graph

During this ficld measurément, the external view of the oil heating

furnace was photographed with lhls cquipinent. Figure 2.10 shows an
example of the i image.

- l_02‘-—.
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Figure 2,10 Surface Temperature of Crude Oil Heater 211-101 by Infrared Visual Display -

—103—



In this figure, the white color portion is the steam pipe, and its temperature
is approximately 200 °C, The susface of the heating furnace body is
orange and its temperature is approximately 100 °C.

During field measurement, the témperature of the casing surface on the
cquipment body was measured at many points by using a contactless
radiation thermometer, Heal emission from the susface area on the

equipment was calculated by using the measured value. Table 2.14

shows the heat emission calculalion result.

Table 2.14 Surface Emission Caleulation, 211-101

of insalation

' Position Ambient Surface . Emissivi Arca Convection Radiation  Unit Total
osition Temperature - Temperature MISSIVIY 2 Coefficient Coefficient  Heal Heat
- cc °C keal/m*h-°C kealim*h.°C keal/m*h ~ kcal/h
Ist deck 30 : 103 0.9 576 5.208 6.963 888 511,754
" 2nd deck 30 148 0.9 144 5973 8.546 1706 245.672
End plate 30 95 0.9 108 5.030 6.706 763 82,383
Total R 839,809
After reinforcement 30 60 0.9 828 3.957 5670 . 289 239,135

The heat emission area was obtained by visual check of the approximate
dimensions of the equipnient. Since calculation of heat emission is not -
precise in terms of the measured value, formula, emissivily, etc., it

should be understood that the heat emission value is approximate
value. ' o

As shown in Table 2.14, when the surface temgperature of the furnace
body is between 95 °C and 148'°C and the outer air temperature is 30
oC, heat emission from the side wall of the heating furnace and end
plate is 839,809 keal/h. - As in Japan, if the surface temperature is kept
60 °C or lower by the improvement of the refractory in the furnace
reduces heat emission down to 232,135 kcal¥/h. This can save, 4,893
Geallyear (= (839,809 — 239,135) keal/h x 24 x 365 x 0.93).

Heat balance

An attempl is made to calculate the heat batance on this équiphwn(- :

from the measured value and meter indication in the control room.
However, since the fuel flow rate has not been measured, the operation
heat value shown in the design document is used as the fuet flow rate.
Table 2.15 shows the calculation result.



Fable 2.15 Heat Balance Calculation on Crude Oil Heater, 211-101

Heat-in (kcal/h)

- Absorbed heat by stzam

Amount Unit Heat Temperature Hoat - %Foel
°C keal'h
Teed 517,000 L/h 0.6 kealll. 225.6 60,675,120 1179 %
Steam 14,819 kg/h 657.0 kealkg 9,735,457 189 %*
“Fue! combustion heat 50470 10,0025 kealil : 51,483,600 100.0 %?
Fuel sensibl¢ heat 5,147 Lik - 0.438 kealfkg/~C 102.2 ' 162,918 03%
Total ' 122,057,095 2371 %
" Heat-out (kcalh)
' Arount Unit Heat Temperature Heat %Fuct
C © - keabh .
Product - 517,000 L 0.6 kcal/L. 3450 97,713,000 189.8 %
Exhausl gas 92,976 m’J/h 0.343 keali/°C ~ 397.0 11,703.916 C21%
Steam : 14,819 kg/h © - 767 kealikg 11,366,145 22.1 %
Heat release, wall 839,809 6%
ieat rel_ease,_pipc {30 % of wall, assumed) 251,943 08 %
Miscellancous * ' 182,282 04 %
~ Total . 122,057,095 ¥ AL
Absorbed heat by product 37,037,880 719%
" 1,630,688 312%

Notes 1t Steam flow quoted from design chart, Steam flow = 32,670 1b/h = 14,819 kgth

2: Fuel is assumed 1o be same as Japanese fuel oil of class €.

' 3 .Basé {emperature: : 3¢ °C

As shown i:nkTabTé' 2.15, approxiniafe_ly 72 % of fuel heat is used to ieal
the feed oil but 21 % is still released as calories of exhaust gas.

' d. Ol heater furnace for the vacuum distillation equipmest

This equipment is also an upright type heating furnace. - Many heavy oil
burners are laid out on the bottom. The inner walf of the furnace consists of
" tube walls and convection heat transfer fubes are laid out on th¢ ceiling. For
field measurement, oxygen content in exhaust gas and exhaust gas temperature

were measured at the bottom of th:'e stack. ..

Figure 2.11 shows the measurement sesult and ‘meter indication in the
~ retated control room. ' S ' ‘
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Figure 2,11 Measured Data for Qil Heater 2H-151

<Oil heater 2H-151 for vacuum distillation, North Plant on 18 Junes
Stack exhaust
0;=4.8 %
4 MT=474°C
| 1T=894°F(4789°C)

Heated o1l
T =T751°F {399 °C)

o e
' 2H-151
S
Feed oil llow, eighi lines as below;
| P A AS
Fuel oil : B - 32
- Fenotimeasured (o 30
T=213°F(1006°C) D 5.5
- E 3.1
E 3.4
- Legend: - Block letter for measured values G 38
Urdestined letter for controd toom reading H 53
. . : Total: - 42 ‘i x1 208 bbl/d
. T=  Temperature - o (338 kg/h)
CP= 0 Préssure _ - T=630°F (332°C) _
- F= " Flow rate - inlet of convection section
“Unit F:  Fahreaheil 4 ' '
Unit C: Cel_sius

Oxygen content in cxhaust gds is ot measused in the conlrol room. For
exhaust gas lemperalure, meler indication in the control Toom approximately
matches the value measured in the ficld. Oxygen content in exhaust gas was
“measured to be approxuna!cly 4.8 %, which corresponds to 1.26 as the air
' ratio that is close to 1.25 which is the standard vatue in Japan It can be said
that air ratio control is excellent. Tabte 2.16 shows Ihe heat balance
calculation resull based on the measured value.
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Table 2.16 Heat Balance Calculation on Qit Heater, 211-151

Heat-in {kcal/h)

Amount Unit Heat Temporatuee . Heat %/Fuel
*C kcalh
Feed - 337,988 L/h 0.6 kcalL o © 61,243,426 1.1 %
0.0 %
Fuel combustion 2,892 Lih 10,002.5 keal/l. ' - 28,929,600 1000 %' ?
Fuel sensible heat 2,892 1/h " 0,438 keallkgi’C 100.6 89,518 03 %
Total ' ' 90,262,543 IR0 %
Heat-out (kcalsh) o . _
Amount ~ Unit Heat Temperature Heat %iFuel
_ °C ©kealh _
Product 337,988 L/h 0.6 keallL 399.0 714,830,543 2587 %
Exhaust gas 41,113 m*/h 0.248 kcallim?/°C - 4740 6,352,439 220%
Emission, wall _ 471,944 16 %?
: l:mnsmn pipes {30 % of wall, assumed) : o . - 141,583 0.5 %
'Mlscellancous ' ; ' 8,466,034 293 %
Total 90,262,543 3120%
~ Absorbed heat by product 13,587,118 - 47.0%
Notes™ Fl.el l'lov. is quo!ed from dcsngn chart bccause no meter is cqulpped in control roont,

Fuel i3 assumed o be same as lapancse fuel oif of class C.
Emission was assumed to be proporuonal to heatmg capacity 1o crude heater 211101,

‘ Base tempe rature; 30 °C

!*or this calculallon lhe item (fue:l flow rdle) for which any measured value
was unavailable was quoled from the design document. Heat emission was
abtained as an approximate value proportional to the heat input from heat

emission ftom the oil heater 2H-101. According to the calculation result,
- 47 % of fuel heat is effectively used as shown in Table 2.16.

Heating fumace for hydrogen generator 2H-801

* This equipment is an upiigﬁl fu_macé and has many gas burners laid out on
- the bottom. For field measurement, oxygen content in ¢xhaust gas and
" exhaust gas temperature were measured in the duct at the bottom of the

slack.

Figure 2.12 shows the measurement result ‘and meter indication in the
related control room. - '
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figure 2.12 Measured Data for Hydrogen Generator 2H-801

<H-801, Hydrogen generator, on 16 June>

Stack exhaust
;=103 %

A |T= 32_0 :C . Steam (saturaicd)
l T = 603 °I (317 °C) F = 4.9%6,500 kg/h (31,850 ke/h)

T=1310°E (710 °C) P = 300 psi (21.1 kg/em?)
d— ' T = 420 °F (215.6 °C)
2H-301
v . 4—- Process feed-in
— - J _ _ F=4.40x871.5 kg/h (3,835 kg/h)
- After mixing {eed with stzam
T =97 °F (36.1 °C) T =132 °F (388.10 °C)
F=6.25x2338.8 x 10°x 2 lines. Standard Cubic Feet
P =46 psi (3.2 kg/cm?) {56.8 m3 M}
_ : T= “Temperatare
Block letter for measured values " P= - Peessure
Underlined letter for control room reading -F=" " Flowrate

As shown in this figuré, oxygen content in exhaust gas is 10.3 %, which
corfesponds to 1.86 as the air ratio. This value is much higher than 1.25 that

" is the standard air ratio in Japan and it can be said that there is a large -

exhaust gas loss. 1f oxygen in exhaust gas is reduced from 10.3 % as the
* measured value to 4 % which corresponds to aic ratio 1.25, exhaust gas loss
reduces from 20.2 % 10.14.2 % according 1o combusiion calculation. Fuel
. consumiption by adjuslmem of aic ratio is rcduced by 7.7 % accordmg to
calculalxon -

(2-3) Reduction of ekh_airél gas loss
a. . Exhaust gas loss

A large air fatio nicans that air more than required is heated and dischérged.

“Therefore, as the air ratio is larger, heat loss by exhaust gas-increases.
Figure 2.13 shooivs the exhaust gas loss agams! fuel input heat by using’
exhaust gas temperature as a parameter in the relallonshrp with oxygen
conlent in exhaust gas.
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Figure 2.13 Exhaust Gas Loss — North Plant Gas Firing

600 % — k
Exhaust temperature, °C /-‘/
-
S500% | .
e 200 e 400 T
e
------- 600 —-e= 8O0 | _en
8 400% [ e et b
£~ — —tT ettt
O} e ceeiett
2 e
e 300% [ e
S OO
a ------- ‘——,-__‘_,—-‘ . .
§ 200% (o emaeameT - : :
100% |- — T
. 00% [} L | [
1 00 % 25% 50% 75% 100%
Oxygen in exhaust gas

As shown in Figure 2.13, reducing the oxygen coatent in exhaust gas

decreases heat loss by ¢éxhaust gas. The degree of reduction is larger when

the exhaust gas lemperature is higher. Table 2.17 shows an example of
calculation for fuel reduction by decreasing air ratio.

 As shown in this table, fuel reduction on the vertical axis can be known by
- the oxygen content in exhaust gas before improvement and the one after

improvement,

| “Table 2.17 Fuel Economy by Air-ratio Adjustment (Gas Firing)

- Exhaust gas_:(émp'eraturc'_é 500

 Exhaust gas temperature = 600

4

Before adjustment - 0, dry after adjustmént -

Before adjustment O, dry after adjustment

0, dry 00% 25% 50% 15% O, dry -~ 00% 25% 50% 75%

00 % 00% - - - 00% 00% - - -
C25% 26%  00%. - - 25%  33% 00% - -
50% 60% 35% 00%. - '50%. 17% 45% 00% -
75%  106% 82% 49% 00% 15%  137% 108% 65% 00%
100% 173 % 121 % -1.5% 225 % 160 % - 10.1.%

15.0 % 100%

198 %

Exhaust gas temperature = 700

~ Exhaust gas'lcmpér‘ature = 8Q0

Before adjustment O, dry after adjustment

"Before adjuslmenl: 0, dry aftei adjusiment '

0, dry 00% 25% S0% 15% O,dry.  00% 25% 5.0% 715%
0.0 % 0.0 % - - - 0.0 % 0.0 % - -
2.5 % 42% 00% - - 25%  53% 00% - ~
50% 98% 58% 00% - 50% 1229  73% 00% -
725% 174% 13.7% 84% 00% 7.5% 216% 173% 108% 00%
100%  284% 253% 207% 134% 100% 354% 318% 264% 17.6%
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This calculation assumes that the exhaust gas temperature does nol change
when oxygen content in exhausl gas changes and that heat other than
exhaust gas loss is the required one and not changed by oxygen content in
cxhaust gas.

The power required for the forced draft fan and the induced draft fan also
decreases.

Air ratio conlrol

-1)  Management enhancément

._42)

If O, content in exhaust gas is completely controlled by maintaining

- operation manuals and incréasing frequency of adjusting the combustion

air volume although the equipment is not improved, excessive air in the

ccurrent status can be reduced. However, since oxygen content in

exhaust gas cannot be checked without the oxygen meter, combustion

contro! requires § %107 % of oxygen content and 13t0 1.5 of air ratio

for safely

Combuslion contro! using the portable oxygen meter

~For pronotion of energy conservation, the minimum measuring equipnient

is sequired. For combustion imanagement in step H, one or two simple,

portable oxygen meters (¥ 300,000 for two sets) should be prepared by

a minimum investment. The management method that sequentially

NIEAsUres OXygen confent in cach heating furnace in several days or’
" when the operating condmon is changed is effective.

- In this step. operation in a Ievcl of 4165 % ofoxygcn con!cnl and 1.2 -

to 1.3 of air ratio is allowed. . As ¢xcessive oxygen content is lower,

- measurement accuracy bécomes more important. - Therefore, when

oxygen content is actually being reduced, air incoming from the furnace
wall, ete. mus'l be completely prevented. To make operators p'arl'icipate
in encrgy conservation, it is 1mponam to perform these activities by
lhemselves
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3) Automalic combustion control by the installation of oxygen meter

Aulomatic combustion control combined with FDF (forced drafl fan)
and IDF (induced draft fan) using a permanently installed exhaust gas
oxygen meter can be considered. The basic of automatic combustion
control is feedback control with the oxygen meter but feed-forward
control including variation of the volume of fecd oil can also be
considercd. Asoxygen conlentin exhaust gas reduces, partial incomplete
combustion may result upon operation variation, However, combuslion
¢ontrol may be enhanced by applying the CO and CO, meters for
preventing incomplete combustion,

For these automatic controls, combustion in a level of 2 to 3 % of
oxygen content and 1.1 to 1.2 of air ratio or in a lower level is allowed.

As combustion control is intensified, securing the oxygen content
measuring accuracy becomes more imporlani. Therefore, air incoming
. from the furnace wall, etc. must be prevented in this siep also. To
“enhance combustion control, operators miust apply inflammable heat
insufalion material into the gap or opening between the heating tube
“and furnace wall by themselves to prevent air incoming so that they
will be conscious of participation in energy conservation activities. -

€. Air preheating -

“The fuel volumie can be reduced if combustion air is preheated by using the
“heat of exhaust gas. Fuel reduction by air preheating can be calculated by

lising heat balance calculation. Supposing that combustion air is heated to

300 °C by combustion exhaust gas wheh oxygen content in exhaust gas is
7.5 % and exhaust gas tempcraturé is 400 °C. Then, fucl reduction is 15.6
"% apainst the fuel volume ‘required before preheating. The fuel reduction
'rate is higher as the preheated air temperature incréases, and oxygen content
‘in exhaust gas is larger. Table 2.18 shows the calculation result under
~ various conditions. - '
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Table 2,18 Fuel Economy by Air Preheating

- Exhausl gas temperature before preheating = 400 Exhaust gas teriiperalure before preheating = 500

Preheated Air Temperature

Preheated Air Temperature

O; dry 300 400 500 O, dry 300 400 500
0.0 % 102 % - - 0.0 % 107% 142 % -
25% 115% - - 25 % 121% 160 % -
50% 132G - - 50 % 140 % 18.4 % -
15 % 15.6 % - - 15 % 167%  207% -
10.0 % 19.1 % - - 100% 208 % 26.6 % -

Eﬁhaust gas temperature before preheating = 600+ Exhaust gas temperature before preheating = 700

Preheated Air Temperature .

" Préheated Air Temperature

O dry 300 00 - s00 ©: dry 300 400 560
00%  113% 149% 183 % 0.0 % 1.9 % 15.7 % 19.3 %
25%  128%  169%  200% 2.5 % £37%  119%  21.9%
50 % 150%  196% = 238% 0% 161%  210%  254%
7.5 % 181% ~ 233%  WI% O 15%  197%  253% 303 %
100%  229% 220% - MS% - 100%  255% - 322% 378 %

Effect of improvement of air ratio and air prehieating

- For combusuon in each l'urnacc on assumpnons of air ratio improvement
~and air prcheaung by exhausl gas, a trial calculation of the allowance for
S energy conscrvallon for the eiitire rcfmcry is made.

The fo!lowing éssumplions are made for trial calculation:

- 2)

4)

The exhaust gas lcmpérélﬁre is approximately 200 °C higher than the

temperature at the furnace outlet for the raw material to be heated.
Oxygen content in exhaust gas before improvement is 8 %.

These assumpuons are made for convenience in calculation on the
computer and may be different from real data. Howevcr there is no
problem when accuracy of ca!culauon is considered.

Air ratio after i iniprovement is | 25 as the standard value i in Japan This
value corresponds o4 % oxygen in exhaust gas

For air prehealmg, the’ (emperalun., of air to be preheated is 200 °C

lower than the exhaust gas temperature. In this case, the temperature of

“exhaust gas at the outlet of the air preheater is ‘approximately 200 °C,

Heat cmiés'ton from the air preheater and leak from the air side to the
gas side are not considered.
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5)- Assuming that air preheating is performed after air ratio improvement,
calculation is niade basced on 4 % of oxygen in exhaust gas.

Table 2.19 shows the catculation result based on these assun'lplions. This
table lists the calculation results before improvement, those after air ratio
improvement, and those after air preheating, cach of which is provided with
the fucl consamption reduction rate. '

Table 2,19 Estimated Fuel Saving by Air Ratio Adjustinent & Air Preheating

Rorih Plant Operating <Befote improvement> <Air Ratio Adjusting>"  <Air Pré-heating>
Tag No. " Facility Name " Geath  Fuel Exhaost  Fabaust  Exhavst Less Advantage Siseto - Advaniage Saveso
' Temperatuie Gas Lass  Total Fued (8% 104%) Total Fael (0, = 4 %) Tota Fuel
Atmospheries/Vacuum distillaticn unit . o .
FH-104 - Atmospheric distiliation vait 51.4%3  Gas, Oil 197 7% 501% 64% 141 8% 173 %
B-102  Kesosene (distiltation) © 89 Gas 500 23%  1LB3% 6% 09%  132%  0O5l%
-8 Vacuum distilkation unit 28.9%  Gas, Oil 414 210%  276% | L% O14%  119% :49%
MH-IE| Lube distillation urit 106 Gas, Oil 500 1% 0B % 726%  023% 132% 040%
 Unifier _ . )
2H.208  Unifiner 111 Gas &00 WBO0%  0.42% - 100% 0012% 184% 022%
1H-207 - Unifiner slrippet 410 Gas 600 0% 064% 100%  DI8F 1B4%  033%
2H.251  Platform R4 1189 Gas £00 PI% 257% . 163%  0B4®  95% - 152%
1H-252  Plalform R#2 1088 Gas 00 - T7Te  230% 163%  0I5% 295%  137%
2H-253  Plaform R43 _ S 241 Gax 800 BB 051% 6% 04T%R - PS5% 0%
H-254  Platfoem stabitizer rebailer 5.00 "Gas 400 g% 050% $5% 012%  &i% 0.18%
Visbreaker unit . : . ) ) -
2H-301  Visbeeaking unit T2.49  Gas 700 . 23% INB% 0 1N3% LIB% . NER 2LPP%
RCD isomax unit S L _ :
2H-401  Homax unit (387 Gn 600 0% 060% 100% Oi?%  184% O3 %
21422 ' S R . .
2H-_40§ - I&oh!ax wnit 5.08 Gas 600 . 0m L2% C100% 0% 84% 02 %
2H-404 lsoman uni 9.6} Gas 600 360%  150% C100% 042% 184% 0%
ZH-405  tsomax unit 056 Gas 00 0%  009%  IDO% 0062% i84% 005 %
leG refining unit l o : )
2H-600 PG unit 13 Gas 500 93%  041% - 16% CIt%  132% 018%
H}drdgen peneralol s :
2H-801  Hydtogen unil 4984 Gas 400 202% 437% 0 11%  16T%H 4l 088 %
Tots} . 23059 29.08 % 823 % 14,28 %

Notes: Exhauu tempesature is cmgc-med into round numbes com:dermg fecd-out e mperature except for meavured fumaces,
Existing cn)g:n cénient is set o 8 % for ol furndces' except measured Furniaces.’

" Preheated air remperataie is selected 5o that the temperaluse dikference of air and gas at 1he hot end of air-heater will be 200 C.

The above temperatuie makes aircheater- out gas sempersture around 200 °C.

Categorizing of gavseir and ot)gcn conlent is ncccuary to'make the calcutali !qn simple on PC workshect.

' Accordmg !o this calculation, exhaus! gas loss before lmpmvemcnt is 30 %

 for the entire refinery. As a result of air ratio lmprovemem fuel consumgtion
is reduced by 8. 23 % (154,546 Gealfyear (= 230.59 % 105 % 0,0838 x 8,760 -
% 0.93)). And remammg fuel consumption is further reduced by 14.28 %
(246,179 kecallyear (= (230.59 x 106 — 157.424) X 0.1428 x 24 X 365 X
0.93)) by the air preheating.
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@2-4)

As a result of calculation, the energy conservation potc'mia! refating to
combustion in the heating furnace is indicated. Air ratio improvement can
be implemented with a relatively small equipment cost. On the other hand,
the following problems may have to be examined for installation of the air
preheater:

13 It is necessary to install a large structore on the top of the furnace (i.e. -
bottom of the stack). :

Can a.l'arge-dia'melcr duct which guides the high-temperature preheated
air from the air preheater on the top of the furnace to the burners on the
bottom of the furnace be installed?

2) On the bottom of the furnace, the preheated air should be distributed
equally to many burners. :

3 Existing burners may not accommodate utilization of the preheated air,
so they should be replaced.

"The same situation applies to the boilers. The measured exhaust gas. .
temperature of the boilers in the Nerth Plant is said to be 390 to 450 °C,

‘Heating pipe path balance control

For a heating furnace in which multiple heating pipe paths are provided,
uniform hcat'mg of the paths is essential for long-term stable operation supprt,s;sing
cohng (i.e. enerpy conservmg operahou) In this study, it was found that the
ratio between the maximum and minimum on each path balance in heaung_-

* furnaces 2H- 101 and 2H-151 was apprmlmate!y 1.3, which is large, and the

opening degrees of burners’” air dampers were uneven,

2H-101: FRC-103 A-H 4.1 to 5.3 (x1.962 BPSD)
2[-154: FRC-165 A-H 4.5 10 5.7 (x1,208 BPSD)

- According to operators, this situation was caused by adjustment depending on -

11_16 differences in the in-furnace position of heating pipes and burness and
heali_ngr pipe form for each path. However, since the feed oil is mixed and _fé.d,

‘each path CIT (Coil Inlet Temperature at the inlet of the healing furnace) is
- always same. Therefore, the paths should be operated under the same heating
' '_condluons

" Hfsuch unbalanccd operauon is continued, coking may lead to dlfﬁcu!ly in long :

term stable Operauon for paths wnh a low flow rate (i.e. low in-pipe flow speed)
of crude oil.
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{2-5) 1, manufacturing plant heating pipe TMT management

Operation of the heating fumace in the H, manufacturing plant is adjusted with
a low frequency (once a month). During the high-load operation or when the -
combustion status is poor (i.. fuel and air ratio unbalanced), the valuc of the
heating pipe TMT (Tube Metal Temperature) measured by using the pyromeier
rises (o 1,090 to 1,200 °C, The designed temperature of the heating pipe is 810
to 980 °C, the measured TMT exceeding the designed value implies hazardous
operation. However, measurement with the pyrometer tends to resull in crrors,
$0 accuracy should be improved by taking the follawing actions:

Yot the heating furnace not provided with thermocouples at critical points of the
heating pipe for TMT measurement, TMT is indirccﬂy measured by using a
pyrometer. Use of the pyrometer alone results in a farge ercor and the measured
values are for reference only. :

Recent TMT measuring methods employed in Japan are:
1) Pad/Tip type: A pad or tip metal piece is altached o lhe surface of lhe

heating pipe. A shcalhed thermocouple is conlacted and auached to the
! pad or llp : o

i 2) Protection cover lype The pad ard lhermocoup!e or the singte- p:ecc

sheathed lhermocouplc alone are covered with a protection cover (or
' protecuon tube) and attached to the heating plpe

3) Kaiife- edge lypc The 1ip of a sheathed thermocouplé is machmed 10 a
- knife- edgc lype and then, the !hermocouple is attached to the heating’

- pipe.

Among these, the pad type. or (|p lype measuring mclhod tends to indicate a
higher temperature due (o the effect of the contact error, et¢., while the protection
cover Llype tends o indicate a lower temperature due to the heat transfer
problem. Since the knife-edge type has a simple shape and satishciory accuracy,
Many USErs are using it in Japan. In any case, the thermocouple itself experiences
aging, so long-term !ransntlon follow -up with a combmauon wnh the pyromicter

Cis cffcclwe : .

- If niermal correlauon betweéh the TM[’ and pyrometer indication is’seized,

judgment can be made precase!y when TMT changes abruptly upon occurrence

* of a hot spot on the heating pipe.

— 15—



(3

In this refinery, necessity and applications of TMT management will be important
along with promotion of energy conservation (e.g. healing furnace TMT control
for the 11, manufacturing equipment, heating furnace hot spot prevention and
corrective aclion, and heating furnace TMT control during VGO deep-cut
operation of the vacuum distillation equipment).

For a while, each burner's combustion air shoutd be adjusted immediately after
the operation load changes to avoid the TMT rise caused by unbalanced combuslion
by miaintaining proper operation manuals,

(2-6) Burner coking preveition

During the hearing survey, il was reported that the bumer tip is blocked due to
coke adhered on some burners in the heating furnace. Actions to be taken, based

* - on the hearing, are as follows and they are indispensable (o burners’ stable
combustion: g%

1) Prevention of condensate mixing into atomizing steam
~ (Instaltation or reinforcement of steam traps at critical points of steam

piping)

2) Completc control of AP (pressure difference) for fuel oil and steam -
(Preparation of o'perqlion manuals and enhancement of operation control)

3 Umfomuly of. I‘uel properues
(Ol properties (MW and Vis. ) may be changed by kmds or bfendmg rallo
- of slop oil ) '

Review of the emirc fuel system by categorizing the fuel sources and changing
* the’ combmahon (i.c. slop onl cte. that may n.sull in troubles are lrealed .
lndwldually) _ : o CL SR _ ‘%

Maximum heat exchange operation
a. U value management

ln the rcfmery, many heal exchange componenls such as thc crude oil preheating

heat exchanger heaung pipes of the boiler and hcaung furnace, and waste heat

recovery cquipment ate provided. ' To implement the naxinium heat exchange
. (energy conserving) operation by fully utilizing the capabilities of these equipment,
~each overall heat transfer coefficient (Uy; keal/m?h °C) should always be calculated
: and followed up. If Uy terids to decrease, it is necessary to maintain efficiency by

adjusting the operation inunediately or cleaning the heat transfer surface when
_requited,

—116—



Path balance conlrol

In this refinery, there are partially two lines of heat exchangers for preheating the
crude oil 1o the atmospheric distillation unit. ~ Puring normal operation, path
balance should be controlted by adjusting the crude oil flow rate to each line when
the operating condition is changed so thal the heat exchange volume in each line
will be the maximum.

This study revealed that the designed value for the crude oil dividing ratio for 2E-
156, 2E-182, and 2E-167 was 40 % but the actual value was 70 %, which is large.

“The background on this probleni was not checked. Daily efforts for fine operation

adjusiment for maxinmum heat exchange are required.

- Enhancenment of heat recovety from the cooler

According to the hearing from the plant people, there was no particular standard for
selecting the use of the CTW cooling water circulated type cooler or air fin cooler

" in the design stage. However, in general cooler design, because of the approach -

temperature difference {AT) between the process fluid and cooling medium, the air

- fin type should be used for the high-temperature fluid and the cooling wat:er':

circulated type should be used for the low#iemperalure:ﬂuid. In this way, the
cooling water circulating equipment can be made smaller. :

Therefore, from the viewpoint of enetgy consetvation, the air fin cooler installed at

- the relatively high temperature side, rather than the cooling water circulated type,
" has possibility of heat recovery improvement,

* From the pro‘céés flow sheet, possibi_l'ity of cr';hé.ﬁcenlent in heat recovery to crude

oil was examined for the coolers of kerosene and light diesel in the atmospheric

- distillation equipiment and the coolers of isomax feed and vacuum bottom in the

vacuum distillation equipment, " Table 2,20 shows the design temperature and
actual operation temperature of these coolers.
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Tablc 2.20 Desigit Base & Actual Data of Coolers

Actural infout temperature °C

Tag No. 2E-106 A&B_ 26-t11 A&B 2E-107 A&B 2E-109 2E-112 A&B
Service Kerosene | Kerosene Light diesel  Light dicsel Light diesel
cooler cocler cooler cooler cooler
Surface arca _ m? 122 453 16 42.6
Cooling duty Gealh 7.1 1.93 7.54 2.68 0.74
Process Fluid Kerosene Kerosene Light diesel ~Light dicsel  Light dicsel
" Flow rate ki/h 407 - 407 i41 141 141
[n/out temperature eC 247/92.2 9221406 247116 - 116/60.0 60.0/43.3
~Actual infout temperature - °C ' - 1622 -142.8 _
© Cooling fluid © Crude CTW Crude Air CTW
Flowrate BPSD 100,500 - 100,500
Infout temperature eC 60.0/85.6 29.4/46.1 85.5/108 29.4/46.1
Actural infout tempetature °C 66.7191.1 91.1/10%
" Tag No. 26156 A&B ‘2B-162 A&B 2E-1S9A-D  2E-173
Service  Isomax feed  Bsomiix feed  Vacoumbottem  Vacium bottom
S © lostorage . tostorage cooler cooler
© Surface area m?- s ‘ 293 311
Cooling duty Geatth 25510663, 1.51102.38 89510923 5.04
Process Plu:d tsoniax feed  isomax feed Yacuum botlom Vacuum botlom
Flow ratc” _ kizh 99,626 99,626 .
“Infout temperature . °C - 249/149 149/93.3 2771193 1937128
- Actual infout tempcratdrc °C ' BT 7 (v B o -f2s
- Cooling fluid . .. Crude AQr ‘ Crude .. CTW,
Flowrate BPSD 91,254 .
Infout temperatute S eC . 1087144 1887200 29.4/46.1

For each cooler, the actual operation lcmpc_ralure data was hardly available and
details cannot be examined.- According to the process fluid lemperature on'a design
base, totatty 2 Gkcal/h heat rccovery is pOS‘iIb!B for 2E-109, 2E-162, and 2E-173 as

shown in Tal:dc 2 ?.I :

Toim plement the heal récove ry study actually, opum:zauon mcludm g rearrangement
- of exaslmg heat exchangers will be required.
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Table 2,21 Heat Recovery from Coolers

Process Fluid Temperature  Modification Cost

Tag No. Cooling Flui D V] .

ag No ooling Fluid uty (Geal/h) Inlevoutlet (°C) (K¥)

2E-109 Air 0.7 ' 116/60 117,000

2E-162 Air 0.4 t00.6 149/93 15,000

2E-173 CTW 13 193/128 30,000
(4) Process catalyst control

" To implement encrgy conservation operaiion in oil refining, it is exteemely important to

control the process catalyst activity and its residual tife. If the catalyst activity is fully
utitized to maximize the product throughput with the limited equipment capabnhly
within the limited operation period, encrgy conservmg operation with high pmducuon
efficiency can be achieved.

a. Reformer calalyst acliviiy' conttol

In refmenes in Japan reformer calalysl acuvny conlrol is one of the most |mpormm

cnergy conservation control items in terms of time produclwlly improvement.

Thetefore, during normal operation, the engineering group 1mpTcmcms the case

study relating to the optimum RON (research octane number) level of naphtha
. always laking the procuct throughput into account and the proper catalyst ugenerauon
“pertod.. :

' Generally, whcn activity of the reformer catalysl reduces, the H, content in the off
" - gas gradually reduces by time and conlcnl of the lsght HC gases (C.. C,, C,, etc.)
- rises. :

o Af ‘transitions of the H; content in the off gas and content of light HC gases are
followed up, then CPI (catalyst performance index), etc. are followed up by using
such physical property data, the timie required to regenerate the catalyst can be
forecast. At the same time, production efficiency can be increased by adjusting
operation severily (e.g. processiag rate, hydrogen circulation rate, reaction lemperature,
etc.) such as forecasting the catalyst’s residual life (residual operable time) and
“increasing RON of product naphlha so that lhcrc wﬂl be no rcudual life.

' :For CPI, the process licenser normally owns the fornmla and for this refinery, it
may be lmpossmle 10 obtain the formula, :

To follow up the refomler catalyst 'tcuwly, thig refmery 1mplcmcms off gas
analysis every lwo weeks and sends the analysis result to UOP, the licenser, for
judgment of the catalyst regeneration time. However, without the licensce’s CPi,
catalyst activity can be controlled by following up the off gas composition transition
on a time-series basis.
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Since this refinery has a large amount of real operation data and analysis data that
have been collected since its startup, the residual life study matching the equipment,
that is more precise than the licenser’s formula, will be altowed if an eriginal
correlative formula is created by using such data,

Regular maintenance in these plants is performed every three years. So far, this
refinery has regenerated the calalyst every 2.5 to 3 years. It may be desirable in
terms of reducing the catalyst regeneration cost, However, for maximum production
and high value of high RON blend stock for manufacturing gasoline, operation with
increased severity {c.g. so that calalyst will be segenerated after about 1.5 years)
may result in total merits.

In refineries in Japan, regular maintenance is conducted every two years. Tor
maximum production of the high RON blend stock, high severity operation is often
implemented to regenerate the reformer catalyst every year. For this refinery, the
optimization case study regarding this matter may be necessary.

b. Desulfurization catalyst activily control

~ In the hydrédes'ulfurizalidn_ equipment such as the isomax unit, cnergy intensity
largely increases when the desulfurization level is increased. Therefore, energy
_cons'érvation isallowed by contiolling the desulfurization lével within the optimum
range 10 the extent the product specifications are fulfilled from the aspects of the
running cost and cala!yst cost (for regeneration, fepiaccmem ete.) The product
" - propetly analysis group, opemuon group, and control geoup should collaborate
with each other so that the product quality will not be excessively hlgher than the
specnﬁcanons :

: [n'lpmvement of the vacuum distillation overhead cooler

Meéasurénent of the temperatuie around the vacuum distitlation overhead cooler in this

study revealed that the cooling capabilily of overhead gas coolers (2B-151,2E-152, 2E-

_ 153) was poor. Although the gas temperature at the 2E-151 outlet on the first stage is

48 °C, it abruptly rises to 90 °C al the 2E-152 outlet on the second stage then it is 94 °C
at the 2E-153 oultlet on the third stage, which is much higher than the designed value

_'(38 °C). The cooling waler supply temperature is 32 °C, which is stightly higher than

the desagned value (26. 7 °C}, but it does not increase the 2E-153 outlet temperature {o
94 °C. Figure 2. 14 shows the measured tcmperalurc batance around these coolers,
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Figure 2.14 Teniperature Profile of Vacumm Overhicad Cooler

Actnal Parallel Fiow Case

Steam

109°C

2E-151 2E-162 2E-153

E_:ecter

32.°C

For the vacuuim distillation overhead system, a mulli-slage (three-stage for this cquipment)

steam ejector is generally used to maintain vacuum. At the same time, the gas volume
‘is reduced and vacuum distillation opcration is accomplished when the oil vapor in the

overhead gas is ‘cooled by the cooler and condensed and removed. For the current

' lemperature balance of this equipment, the o3} vapor condensation effect by cooling is

insufficient for the second cooler onward,

* Even under such circumslances, operation mainly with the vacuum effect by the steam

ejector is anyway possible. However, efficient vacuum distillation that maximizes the

' VGO throughput cannot be achieved because the condensallon effectis low. The actual
t detailed cause for insufficient cooling is unknown. Current!y. excessive steam may be
" supplicd to the ejéctor to compensate insufficient c_ooh_ng and mamt_am the vacuum

effect on the overhead line. As aresult, heat of the supplicd steam may not be removed

- by the second cooler onward.

According to the hearing from the plant people, the vacuum distillation tower cannot
exhibit the specificd capability due to teak from the upper tray ‘and the vacuum top
internal packing wilk be replacedto i lmprove the capablhly {i.e. increase VGO). However,

~ the cause for the specified capability not being exhibited may possibly be the insufficient

cooling capability of the overhead system, For this equipment, the msul’l‘;c:cnl coohng _
capability of the averhead system, rather than rep!acemenl of lhe packmg, should have

. the top priority.

In this study, sufficicnt data could not be collected. ltis a u’lan‘er'ofi'nimediake concern
to collect the detailed design data and actual operation data, identify problems and take
proper actions. Pessible actions are: :
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Check the basic operating conditions such as the normal operation load,
ovérhead vacuum, steam injection rate 1o the cjector, elc. and adjust any item
deviating from the design condition to the proper level.

Check the heat transfer coefficient of three overhead coolers and clean the heat
transfer surface as required.

If problems still remain, take the fotlowing action:

C.

Currently, the overhead gaé and cooling water flow from 2E- 151 to 2E-153 as
one-line concurrent flow. As shown in Table 2.22, the flow should be changed
into parallel lines of flow (o enhance the cooler’s coolmg capability.

" Tablé 2.22 Cooling Effect of CTW Flow Change

Case

" Approximate Flow ' ~ Characteristics

Current flow

+ At present, the flow of the tower
top pressure gas and the cooling
water for 3 coolers (3-stage
® . “ coaling) is 6nc line cancurrent. _
‘ Therefore it is difficult to reduce
the difference between the gas
oullet temperature @ and the

- “cooling water outlet temperature @.

flow

_ Improvement _+ Gas oullet lemperature @ can be
" proposal A . -reduced by supplying the cooling '
flow _ water in 2 lines of paralicl flow.

s The cooling efféct in this case can -
be improved, but ncarly two times
more cooling water will be '
requircd. _

Improvement » Thé gas outlel temperature @ can
proposal B - be reduced 16 the minimum
| - ~ possible point by supplying the

coollng water in 3 lincs of para!lcl
_ flow. (In this case there will be no
. distinction between the concurrent
- flow and thé counter-curient flow}
‘« In this case the cooling cffect is the
largest, but nearly 3 times more
cooling water will be required.)
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In addition, in Japan, as the actions for efficiency improvement (i.c. deep-cut) of the
vacuum distillation tower, reduction of the cooling water temperature (improvement of
the cooling capability) by introducing a chiller, installation of the pre-cooler, and
installation of a vacuum pump at the last stage of the stcam ejector (improvement of
vacuum) are employed.

As a step following recovery of the original capability of the vacuum distillation

equipinent by the cooling water piping construction, VGO deep-cut operation should be

attempted by increasing the vacuum distillation tower inlet temperature (modification
cost not required). Then, packing replacement, cooling water temperature reducl:on by

“introducing a chiller, and installation of a vacuum pump should be studied.

' Allhough collected data is insufficient and the modification effect cannot be quantitatively
- calculated, the coolmg waler piping (10-inch diameter, about 30 m length) modification

¢ost in the above item c. is approximately 3 million yen, which can be repaid in a very
short period because of both aspecls of energy conservation and production increase
effect. As explamed below, the current cooling water system (CTW) has little allowance.

“However, exammauon including CTW balance review is réquired.

At {he initial stage of this study, posmbtluy of msufflc:lent coolmg water supply to 1he

coolers ‘at a height of 10 meters above the ground was checked to fmd the cause of the

. insufficient cooling capability of the overhead cooless. As a result of calculating
- pressure drop AP of the cooling water piping (10 mches dlamcler) lhere was no problem :
“in the coolmg water flow rate. '

: S_tea'ni control =
In these plants, there are many steam leak locations from the steam trap and steam

* piping, and also many steam tracers nol heai-insutated were found. Also, there are
' many leaks of liquid from the g!and se1l of pumps and valves.

To control steam leak, when a person fmds a steam leak; he/she should lmmedlately
record itin the notcbook Based on the record, the action such as steam trap replacement
should be taken as carly as possible. If no action can be taken immediately, a

maintenance list and necessary components should be prepared so thal a proper action

‘can be taken upon regular maintenance. In these planis, disk type stcam fraps are
- mainly used for steain tracers. 0 dlsk maintenance’ is one of the impornm self-
: 5managemem achwly items,

In lhese plants lhe Lnergy Comrol Conmiltee is supposed to take the lead in listing of
steam leak locahons from the South Plant, so the resalt is expccted
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Heat insulation

Heat insulation conteol

In these plants, pecling of the heat insulation material from the steam tracer around
the piping or valve was often found. As a basic of the energy conservation
activities, the broken heat insulation material should be immediately repaired and
a thicker material should be used if necessary,

The heat insulation material is often removed for maintenance around valves,
Many years ago, peeting of thie steam {racer heat insulation material around valves
was often seen in Japan. Recently, a jackel type heat insulation material allowing

removal and re-setling is used.

In these plants, energy conservation can be attempled by using a heat insulation
material that can be removed and re-set. :

To detect the faulty .heat insulation, an infrared thernial video system such as AVIO
used in this invesligation is effective. : :

Steam piping valve heat insutation

Around the boilers in the South Plant, heat insulation is not applied to the steam

. pipe valve. Since the sutface area per unit length of the vatve is larger than that of

a straight pipe with the $ame size, heat insulation should be applied like the straight -

pipe. Table 2,23 lists the equivalent tengths of various valves corresponding to the
“straight pipe. o ' ' -
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Table 2.23 Equivalent Length of Valves

Nominal Size  Pipe Diameter Equivalent Length (n3)

(inch) {mm) F-G 10k F-G20k FS10k F-S20k
15 21.7 1.15 1.24 1.12 1.29
20 27.2 1.06 . 098 113
25 340 1.22 1.2} B RE Y
40 48.6 131 1260 131 123
50 60.5 R ITEE 128 122 1S3

65 76.3 123 ' 1.50 116
80 89.1 125 1.56 131 163
100 1143 127 © 1.58 CR20 150
125 139.8 1.40 | SRR B
150 165.2 150 18 135 1.92

200 2163 1.68 187 - 1352

Symbols: F-G Flange ball valve
' F-§  Flange sluice valve
10k 10 kg/cm?rating

20k 20 kg/cm!? rating’

As shown in this table, a ball valve with an 8:inch pipe diameter has a heal eniission
" atea equivalent (o approximately 2-meter piping.

© When h'ea_t insulation is applied to the steal;n‘pipe,. heat emission sharply reduces
according to the thickness of the heat insulation material. Figure 2.15 shows an

example. = ‘

Figure 2,15 Steam Pipe Heat lnsnlat_ibn (an example)

£00 — 160
200 O Loss beat Assumptions: {140
——Swifsce lemp Inside _lempmmn'. «C 200 —
,é-. 600__ : Ambicnt temperaturg.  °C - 20 1 120 98
Do Pipe size : inch 6 o
% 500 | Heal price, yenMcal - 58 1 100 g
£ 400 | Intecest rate, anaually % P lgo &
- Insulation material Calcium-Silicate L H
. o
%'300 i " |Economical thicknzss mm 17 160 =
w200 } 40
100 T 120
0 N T . — — L Lo (1}
0 002 004 006 008 01 012 014 016

Insulation thickness (m)
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Many various valves are installed in these plants and the number of the valves is

unknown, The sizes and number of valves are assumed to calculate the valve heat
insutation effect. Table 2.24 shows the catculation result.

Table 2.24 Heat Economy by Steam Valve Heat Insulation

© Size No. of Equivalent Heat Loss (keal/h-m) Tolal
{inch) Valves “ Length (m) Bare Tube  Insulated Tube  Advantage Advantage
: (kcal/h)

1 700 .2 198.4 41.9 156.5 125,979
2 700 1.2 353.1 527 . 300.4 256,510
4 - 560 B ) ‘ 667.0 713 . 595.9 400,476
6 350 1.4 964.1 86.8 877.2 414,492
8 210 | 1.5 12623 101.6 1160.7 370,508
12 70 1.7 -~ 1858.7 1303 1728.4 208,103

“Toial (Norht Plant) o . ' 1,776,068

Valves are assunied to be sluice type of 10 kg/lem? rating.

®

‘When heal insulation is applied to the steam valves, heal emission is reduced to
approximatecy 10 %. ' '

The total value is indicated in calories. If the value is converled into fuel assunling
" that the boiler cfﬁc:cncy is 80 % and operanon ratc ina year is 93 %, it is 16 278 :

: _Gcal/year =1 776 068 kcalfh % 0.9 % 8,760 X'Q. 93!0 8)

Duting lhc heanng, the planl pcoplc asked us “how should cconomy of insulation

be consulered‘?" © We answered thal the energy conservation “fuel reduction”
amount derived from heat insulation cnhanccmem ‘reduction in heat émission loss”
should be compared wilh mveslment such as the heat insulation materiat cost and
construclion labor éosl.

Operation improvcmenl by éhcmical injection

ln oil refining processes in Japan, the followmg chemlca!s (saveral ppm to tens of ppm
in any case) are added l'or operanon nmprovcmen!

b

lmpro‘vqn'lcm of separalion in !he'desaller

In this refinery, the salt content in crude oil is high {salt 20 1b/1,000 B).

“To maintain the salt removal efficiency, the crude ‘oil desalter section at the
upstecam of the atmospheric distillation process desalts in two stages. However,

when the crude oil tank is changed, the oil-waler separalion effect reduces and the
desaller operation varies.
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If the desalter performance degrades, reduction in the heat transfer efficiency or
corrosion may occur due to salt precipitation inside the heat exchanger in the
downslream process of inside the heating pipe of the heating furnace,

“In Japan, oil-water scparation troubles in the desalter often occurs along with
- importing of heavier crude oil. 1 the crude oil tank has a sufficient retention time,
‘the crude oil is settled to separate and remove salt for as many days as possible.
Then, an éemulsion breaker such as demwlsifier is mixed into the washing water to
. be injected into the desalter to increase the separation efficiency.‘ -

- In this refinery, chemicals such as emulsion breaker are currently not injected into
* " the desalter cleansing water. For operation efficiency improvement, a case study
including the chemical cost should be implemented. '

. Measures against fouling of the reformer stabilizer ovethead condenser

In this study the plant people raised the problems of c;ﬂcium carbonate (CaCQO,)
fouling in the reformer stabilizer overhead condenser and subscquent heat transfer
_ pipe corrosion, ‘ o

The following two measures are considercd against calcium carbonate fouling in
Japan: '

0 Addilion ofa cheniical to prevent Calciuna carbonale adhesion

Domestic and forelgn manufaclurers have developed various anti- foulants. By
collectmg information from several manut‘acturers, an anti-foutant is selected
“and mjec{ed as requured

@ Installation Qf the deioniied watcr circulation Syslen1

' Presentiy, the coolmg water |s circulated by the CTW system using industvial
water. Changing it into the steam condensate (pure water) circulation system
allows the removal of calcium carbonate itself and the complele prevention of
fouling.  However, since the equipment cost is htgh this case is an energy
conservallon ucm in step ]ll

~* In addition, fouling prcvenl'ion by increasing the cooling water flow specd in
~“the cooler can be considered,

‘However, the current CTW system (total d'ésigned'circnlélion: 8,690 toris/h)
has an insufficient capability in terms of temperature balance as shown below; '
therefore it is not a practical action. '
Designed supply temperature: 80 °F = 26,7 °C

Actual supply temperature: 95 °F =2 35.0°C
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Since theze is no detailed data available, the cause for this supply temperature
rise is unknown. Anyway, the current CTW system daes not have a sufficient
- capability.

For corrosion of the cooling pipe on the overhead condenser, corrosion may be
accelerated by partial battery generation caused by calcium carbonate fouling.
“Therefore, calcium carhonate fouling should fiest be prevented by chentical
injection. ‘Then, pipe material change into anti-corrosion alloy should be
examined.

V)] .Boi!er

A power plant is provided in each of the North and South Plants for power generation

and process steam supply. Among them, the flue duct exhaust gas of boiler A in the

South Plant was measured.  Figure 2.16 shows the measurement result and meter
~ indication in the contro! reom.

Figure 2.16 Measu'red Data for Boiler A/South Plant

Stack exhaust
‘ o N 03 =4.93 %
Steam | | T=4106°C
F=61x3960 oM (1152uh) - | | 7= 610k (321 °C)
T =670 °F, super heated (354.4 °C) Feed water _
P = 650 psi (45.7 kp/em?) —t - F = 60X 4,403.94 Ib/
— " (119,857 kg/n)
: ABoitler .| - I=215°F(1178°C)
' g . P = 850 psi (59.8 kg/om?d)
- [Blowdown . : o ' [ . -
F = 3 X 4,401.93 b/ o Fucl 8as _ o
One times 30sec/B hrg - - = 173, 161.63 1b/h (5,979.3 kg!hlunn)
v ' ' C ‘ " for 4 boilers, even for each
' o ' (4,783.4 m¥unity
: o “ Fuel oil {(héavy fuel) _
Legend: Block letter for measied values ' F = 50x352.7 Ib/ (7,999 kg/h)
Undertined teuter for coatrol room rcadmg ) for one boiler

T Tempcraru:c

P= _Pressmc -

F= . Flowrale

- For this boiler, the exhaust gas temperature is very high (measured value: 410 °C) and
meter indication in the control room is 321 °C. Therefore, heat loss cavsed by exhaust

- gds is large, corresponding to 18 % of fuel heat as shown in Table 2.25 according to
catculation. :
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Table 2.25 Exhaust Gas Heat Loss (South Plant)

Exhaust Gas Temperature

0, dry 200 °C 300 °C 400 °C
0.0 % 6.4 % 10.3 % 143 %
2.5 % 7.1 % 11.4% 15.9%
50% 8.1 % 130 % 18.0%
15 % 9.4 % 151 % 209 %
100 % 113% 181 % 250 %

* Fuel gas composition
(Comnon in south plant)

H, -
C, 55.3 %
C, 82 %
C, 119 %
i-C, 63% -
a-C, 5.5 %
-Gy 0%
co . 58%
: CcO, - Free

IS i 1S ppm

" As'shown in the 1able, a large amount of -heal is tost as i_he exhaust gas sensible heat.
. The heal transfer surface should be cleaned to improve heat absorption by the boiler.
' Puithermore, if fiecessary, an air preheater should be installéd to recover the exhaust gas -
' heat efficiently.’ If the fuel air is preheated by the exhaust gas heat, the fucl saving rate
'8 % (if air is preheated to 200 °C) as shown in Table 2.26 according to cafculation.

Table 2.26 Fuel Economy by Air Prehéating

Exhaust gas temperature before prehéating = 410.6

Air Preheating Temperature

| Qz dry - 30 eC : 200 o'c ; } ?50 oC
L 00%  00% 6.2% 19%
2s% 0 00% . . A% - 90%
50%  00% C82% - 10.4 %
1S% - 00% 9.8 % 124 %
100% - 00% 123 % 154 %
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If the same methed can be applicd to the North Plant, fuel saving in the North Plant is
as follows;

Total steam volume in the North and South Plant: 720 tons/h
Steam veolume in the North Plant: 2,607 x 10* tons/year
Steam calories (354.4 °C, 45.7 kg/cm?): 739.2 keal/kg

If the boiler efficiency is 80 %, the saved volume is 21,177 kL/y (= 2,607 x I'O‘x 739.2

% 10/ (9,100 x 10% x 0.08).

Turbine

In response to the r:eqilesl of the plant, the Japanése study team measured the turbine
efficiency on June 17. No main steam flow meter for the steam turbine was available,

_although the main steam pressure of the boiler and the temperature were indicated on

the chart in the boiler room. Therefore, we temporarily installed an ultrasonic flow
meter to measure the turbine condensate flow rate. This turbine is operated without
extraction stcam, and the boiler is not equipped with any fecdwater preheater and uses

the steam from the external line (steam from the other line than the power pl'mt Ime) for

the deaerator and the e]eclor

Table 2.27 shows the specifications of the boilér, the turbine-and the gencrator, and
: hgurc'?. 17 and Table 2.28 show the results of measurement. The graph line representing

the relationship belween the power generation output and the steam flow rate crosses at
the point (0, 0), suggesung that the condemale flow rate might have probably been
measured (o be about 2 vh smaller. Hence, by obtaining an approximate formula to
correct the condensate volume by 2 vh, stéam consumpnon rate at 5 MW W|Il be 4.76

_ kglkWh These equipment still keep lhe same capacuy as when lhey were newly

mstalled showmg that lhcy arg well maintained.

In add ition, steam ﬂow rate cgn be ;:sti_mated based on the pressure after the Curtis stage
unless the urbine blade becomes dirty. Thus, it is recommended that the characteristic
curve for the steam flow rate estimated from the pressure after the Curtis slage should
be obtained from the maﬁufaciurer to be utilizéd for controlling the performance.

The |sentfoplc cfﬁcnency and lhe thcrmal cfﬁc:ency ofa lurbme gene:ator at s MW of
power gcncrauon aré as shown below. :

(lse‘nln.)p'ic_ efﬁcier’icy of a t'urbine ahd_ a power genératbf)

860P _  860%5,000

_ - ‘=709 %
G(i;—i,) 23,800 (737.7-4823)

g =
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(Thermal ¢fficiency of a turbine and a power generalor)

R60P 860x 5,000

= = — =258 %
G —ip) 23,800(737.7-38.0)

where  i: enthalpy of steam at 45.5 ata and 352.2 °C (kcal/’kg)

i, enthalpy of steam when t_hé steam under-the same condilions as i, is
adiabatically expanded to 50 mmHg (0.068 ata) (kcal/kg)

i;: enthalpy of feedwater at the time mentioned above

“Table 2,27 Specifications of Boiler, Turbine and Generator

Boiler Steam condilion ' 650 psig, 750 °F
Feed water temperature 220 °F :
_ " Boiler efficiency ST %
“Turbine - Steam condition L 625 psig, 700 °F (43.9 kg/em’g x 371.1 °C)
L " Vacuum _ " 4,5 inch Hg (114.3 mmHG abs) ' '
© Rated output C 7,200 kW '
Speed 6,500 pm
Type : e tmpulse turbine
Stage - . 22 stage {according to drawing)
Steam consumption - 10,4 16s/kWh ' (4.722 kg/kWh)
_ Manufacture o Siemens (1973) o
" Generator - Capacity ' . 9,000 kVA (7,200 kW)
: ' . Powerfactor .08
- Voliage - N 6,300V
© Current - - . : o 825 A

~Insulation - IPR 44
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Table 2.28 Test Record

Date: June 19, 1996

— 32—

9:32 944 10:15 10:39 10:50 Meam
Boiler steam pressure  psig 2A12C
- 645/630 645/620 635
Boiler steam °F 655/672 663/672 666
temperature 666
Turbine pressvre psig 590 592 586 582 - 582 588
~alter MSVY
" Turbine temperaure °F F640 640 640
after MSV :
Stam pressure after  psig - 218 217 285 140 -
- curlis stage : o
" Vacuum inch 240 -24.0 -23.5 ~24.5 240
Governing valve lift 21.0 26.0 26.5 15.0 -
Generator output MW 3.0 5.0 6.1 6.3 3.1 -
Condensate flow rate th 20.8 20.4 - 270 27.1 3.3 -
Condensate °F 103 © 103 103 103
temperalure after cjector o _ :
Turbine cxhaust °F 108 15
“temperature _ -
Cooling water © °F 841104
temperature
Note: Estimated aimdsphc_ric pressure - 659 mmHG .bascd on 1,191 m above seé
Estimated condensor vacoum 50 mmHG
- Figure 2.17 Turbine Performance Record -
B i
| .
x <4
e Psig &
0 -5 a0 Q
-~ o -8
= 3 w0 §
_ : &
0 & A 20, E
-1 100
1 1 1 1 | ] !
0 1 2 3 4 S 6 7 MW
Quiput (MW)



Mlsiind

{1

a2

Electrical system

This refinery is under such restrictions as ‘in-house power generation. Irom the

“viewpoinl of safe and siable operation, cnergy conscivation has limilations, This

problem is basically atiributable to the Iran’s unstable power system. Some other plants
are opetating private power generation under low Wtilization factor of the power
generator to secure safe and stable operation.

To solve this problem, the Iran’s power system should be enhanced. [f its reliability
increases, cases of parallel operation with the system will increase. If the power factor

discouni charge is applied as in Japan, power factor improvement will be procecded.

Although the power facior (83 %) in the entire North Plant is not satisfactory, reduction

“in fesistance loss alone w1|l not be enough as a merit of condenser installation. When

parallel operation with the external power system becomes reliable -in future, the

problem should be solved atong with the said problem of equipment utilization rate.

The reaclor al the conneéction point with the South Plant may be necessary for stable

* operalion, But it is not favorable because loss arises and a voltage difference occurs if

current flows between the North and South Plants. Therefore, it is desirable for both
South and North Plants to operate the power generating facilities so as to keep these
facllmes and the load in good balance.

’ l‘or the Ioad balance between power generators 2B and 2C balancing is recogmzed on

active power but shghl unbalancmg is found on reactive power, If reactive power is
also balanced, loss from the power generators will be reduced and power distribution
loss from load bus lines A and B will reduce. Therefore, balanced operalion is rnqmred.

Pum;i

“Table 229 shows lhe current measuremenl sesult for Iarge motors relalmg to the

distillation column and visbreaker.” As shown in the table, most large motors are used
for pumps. Dauring this measurement, connection to the voltage terminal was difficult,
so current only was measured. In this table, the current ratio means the ratio of the
measured current value to the rated current.
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Table 2.29 Earge Motor Current Measurement Resuld

Motor Rated Current  Measured Values .
Motor No. Capacity (HP) (A) of Casrent (A) Current Ratio Remarks
2PM153 250 225 20.7 0.92 High voltage
2PM154 400 35 25.5 - 0.73 High voltage
“2PM108 250 22.5 17.0 0.76 High voltage
2PMI57 300 27 240 089  High voltage
2PM10S 300 27 200 0.74 High voltage
2PM311 250 225 215 1 0.96 High voltage
“2PM302 350 315 8.4 0.27 High vollage
2PM301 S350 31.5 210 067  High voltage
2PM106 150 190 150 ] " Low voltage
© - 2PMI07 125 160 107 0.67 'Low voltage
IPM156 75 95 - 87 0.92 Low voltage
2EM162 25 35 29 0.83 Low voltage
2EM109B 30 40 31 0.78 Low voitage
2EMI09D 0 40 29 013 Low vollage

* Note: PM in the motor No. Siénd§ for pump, while EM stands for fan.

i

Motor replacement -

f Accordmg to |he cmrent ratio, lhe 2PM302 350 HP motor seems to mvol\-e a

problem "Power at this point is: 350 % 0.735 % 0.27/2 = 35 kW according to

calculation usmg the currem ratio. If this motor is replaced with a 37 kW (SOHP)
motor, 90 % can be expected as its cfﬂcncncy Lfflcmncy of the 350 HP motor is
 assumed to be approximately 8‘5 % for this load. Therefore lhc ax.lal power at this

point is 35 x 0.85 = 29 8 kw.

On lhe other hand, mpul of the 37 kW motor is 29.8/0. 9 3% 1 kW lherefore power
saving as a result of motor replaccmem is (35:33.1)x8,000=15 200 kWh (on the

:assumpuon of 8 000 hour operation in a year) and power cosl ‘reduction is 15,200

x 10 yen/kWh =152, 000 yen. The requued investment is 740,000 yen if the motor
installation cost is 20,000 ycnlkw Thercfore, the snmp!e investment recovery
pcnod is'S years o

lmpe'ller cullihg o

“In this sludy. a large pump with lngh power consumpnon was selecled ang the

opening degree of the CV (control valve) in the delivery line was checked to
examine the possibility of energy conservation (power saving) by culling the
impeller of the pump. Figore 2.18 shows the flow outline around 2P-105 A&D and
measured data. ‘Table 2.30 shows the design base of the related pumps and actual
opening degeee of CV.
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Figure 2.18 Electric Power Conscrvation by CV Opening
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Table 2.30 Design Base & Actual Data of Pump & Confrol Valve

‘cul with CV sizé-vp:

Date 1956 Jun, 18 Jun. I8
Fime Checked @10:20 @10:25
Tag No. 2P-105 A&B 2P-107 A&B
Service Kerosene -Light digsel to
product storage
*. Specific gravity 0.625
Flow rate 2pm 1,794 621
- Flectric power required  hyHP/brHP 1951238
' Operating temperature ~ °F 247
. Differéatial pressive psi 113 _
Control valve FICV-110 PJiCV-112 ' TCV-108 FICV-125
'CV & connecting line  inch (Dia) |~ 6m3%6" TrCV-136 6-4"-6"
CV value - Req 58/Bq % 116 Req 91/Sel 196 .
' Differential pressure psi Ratd 5.0:Max 17.3 Fuoll open Ratd 1.5/Max 12.7 %‘
* Actual CV opening % 54,5 40 17 63
Remark - Impellers should Impelters should
be cut. " be cut. '
" Date 1996 Jun, 18 © Jun. {8
Time Checked @14:40 - @14:45 _
TagNo. ©2P-153 AKB 2P-154 A&B
Sen'icb_ " Heavy diesel ©. Heavy vacuum
sidestream gas oil '
Specific gravily . ©0.757 0T
Flow rate gpm 1,400 T2,134
Electric power required - hyHP/brHP 182.5/225 242300
Operating teniperatuse  °F N ¥ N 257 S
Differential pressure  psi 180 ’ s ‘%
Control valve ° FrCv-171 PAiCV-177 FrCV-168 " FICV-173 ”
CV & connecting line inch {Dia}y  6"-4"-6" ] 646" : 8”-4":-8“ : &"-6"-6"
CV value - Reg !3)lSc:| 196 Req 56/Seh 116 .~ Reg 127/8el 183 Req 449/Se] 305
Differential pressure psi Ratd 6.7/Max 15.3 Ratd 1.8/Max 13.4 Ratd 1.1fMax 10.5 Ratd 3.2/Max 12,7
Actual CV opening % 0o - 38 100 32 '
Rensark Impellers should be . Ipellers s_hohld be

‘cut with CV size-up.

Note:. hyHP/bHP: Hydraulic/Breaked MP ™

Req
Sel
lzq .
Ratd -

: Required -
i Selected

: Equal

: Rated
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The Cv formula as a basis for this éxamination is as follows:

Q = Cv(APKSp.Gr.))?

where,
Q: Fluid flow rate in CV, gpm :
- Cv: CV native value determined by the opening degree
" AP: Pressure drop caused by CV, psi '

" (Sp.Gr.): Specific gravity of the fluid in CV

In the case of maximum load during normal opcration, the CV consumes pressure
d'rop larger than Ap required for control for a system with a smatl opening degree
of the CV. ‘Therefore, for the portion of pressure drop more than required, power
can be saved by cutting the impeller of the pump until the delivery pressure allows
the CV opening degree to be in the proper level (rormally 80 %). As a result of
study, it was found that the impeller covld be cut for 2*-105 A or B and 2P-107 A
or B. Power conservation shown in Table 2.31 is expecled o be ach:eved with

~ these two pumps.

T_abie 2.31 Elcch-ic Power Reduction by Punip lmpellcr Cu!l'ing

Capaculy Molor Capac:ly Estimated Reduclion Modification Cosl Simple Payoul Petiod

Tag No.
o KL/h HP Mwhy LKY y
' 2P-105 Aor B a07 - 30 0 53s 2,000 0.23
2107 AorB- 14l s 141 1,000 0.44
P-153A6cB . 304 25 123 3,100 158
2P-154 Aor B C4gs. 400 100 . 3900 S 2.44

If powcr conservauon cannot be altempted because. lhe current CV sizé is small and
the required pressure drop is large, power conservauon by 1mpeller cuumg is
allowed after increase of the CV size (CV rcplacement) For 2P-153 A or B and 2P-

154 A or B, the opening degree of some CVs of the delivery piping is close to “fully

open”. If the size of the CV is increased, impetler cutting is allowed. ‘Table 2.31
shows the modification cost and power consewatlon including CV replacement of
‘these two pumps.

As described above, this examination is based on the assumption that the load is
nofmally close to the maximum level in this refinery. In both cases, impeller
cutting is onty applicd to the pump that is normally in service among pumps A and
B. Impeller cuiting should not be applied to the spate pump because even a Iarge
increase in operation load can be coped with.
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(13) Lighting

As indicated in the preliminary study (October, 1995), outdoor Jighting {mercury lamp
and sodium lamp) in the daytime is still cecognized. According to visual check, there
are approximately 100 lamps in both plants. Turning off the unnccessary lamps is the
first step to energy conservation. Although circuits may have to be grouped to a certain
degree, this action does not require cost and should be implemented immediately.

If one hundred 250 W sodium lanips can be turned off in the daytime, 365 d'iys x 10
~ hours X 100 lamps X 0.25 kW = 91,250 kWh can be saved in a year.

" (14) Others
a. Flare system improvement

The operation status of an oil refinery is concentrated into the flame size in the flare

system. In other words, i the operation of some equipment in the refinesy changes,

the flare flame size increases. If large-loss operation is performed, the flare flame
‘size also increases.” In the reflncry, the fare size (gas volume) should be daily
- checked, conlrollcd and reduced as an energy conservation promouon means.

[}uri_ng the he‘a'ring,' thc'planl pebplc reqUestéd us to measure the ﬂow rate in the
current flare systemn. However, the flaré piping normally has a “positive presstire”™ -

- of hundreds of mmH,0 and the flare gas coming out during installation of the
; measmmg cqulpment normally contains highly poisonous H,3 gas. Also, because
of a time lmnlauon we c0uld not measure the flare gas flow speed L '

As an al!cmanve ]-lgure 2.19 shows a melhod of mstallmg a bypase piping for

- measuring the flare gas ﬂow rate during normal operahon Sirice the dsameler of
the main seal piping is large for emergency cases, the gas flow speed is normally
low and the value cannot be measured. As shown in Fi igure 2,19, if a small diameter
bypass piping with a seal height smailer than that of the main seal i$ instalied, gas
flows to the bypass piping during notmal opération, Therefore, the flow speed in

- !he bypass plpmg increasés and the flare gas ﬂow rate can always be measured.



Figure 2.19 Improvement of Flare Loss Control
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b. Effective utilization of sour water

In the refinery, @ large  amount of sour water containing hydrogen sulfide is
generated as a result of introducing the process steam such as steam injection.
Normally, the sour water is processed by steam stripping and reused or discharged.
Depending on the use, sour waier not processed can be used for energy consesvation
(e.g. diluting water for atkali injection into crude oil, desalter washing water, etc.).

¢. - Safety measurés
In plants in Jaﬁan, a flame arrestor net is attached to the muffler of the vehicle (hat
entered the plant to prevent ignition of gas accumulated in the manhole under the

load.

“Therefore, we proposed a method of attaching a net o this refinery.

© (15) Conclusion

' Table 2.32 summarizes improvement items described above. -
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Table 2.32 Summary of Proposals

(Japanese Yen base)

Expecied Saving
Fuel Electricity TFolal Tavesiment  Payback
hem o -~ Million Miltion  Period
illion ition . ‘ )
L g MW o en/ en Year
kLsy yealy ) AWhiy yenly % yenly y
tmprovement of the reheating 538 9.1 KN LU ot ) 2.2
fumace inside refractory : i
Improvement of the reheating  ~ "16,983*t 2837 X LA - 288.7 - 90 03
furnace air ratio : - o _ ;
Pic-heating of the seheating lurnace 4~ 27,053%°  459.9 Cage - : 4599 -7 1,795 39
Enhancement of heat recovery 1,781+ - 303 . 0.2 - ) 10 N ] 2.0
from the cooler Sl : . . ; L
" Heat insulation of the steam pipe valves  * 1,789%} 304 0.2+10 - - 0.4 0 1 - T A |
Pre-heating of the doiler combustion air 21,477 150.0 3o - : 160.0 1,649 4.6
Replacement of pump moters - - o152 P2 002+ 0157 0.7 50
Purip impeller cutting - - 899 9.0 - 1o 9.0 C3 0.3
Turning off annccessary bights : - o . 91y 09 S04 - 09 0 0
" Total : 9325 11784 9.7 .1,005.5 = 10.0 1A 118845 37347 12
(Iran Rial base) _ _
' ' Expected Saving
) Fuel _ : " Electricity Tolat  Investment - Payback
Hem - — : : : —-~ Million Million . FPeriod-
) F.ot illion - ; Miltion Rialf Rial ’ Y
‘ : - kbty Rially % MWh/’y Rialy o y e .
 Improvement of the reheating D s3get a0 o - : . . 40 £ 350 8.8
" furnace inside refrictory o : ’ ) a :
Improvement of the reheating . 16,933+ 1274 2.4+ - CR274 1,575 1.2
- furnace air ratio ) . ) ) :
Pre-heating of the reheating fumace aie ~ (27.053)* 2.029) © {38 - ’ {2029y (31,41%) (15.5)
Enbancement of heat recovery L7st 134 .02 - 134 1,085 B.1
“from the cooler . S o
Heat insulation of the steart pige valves ~ {1,789)** (134} {02y - - (134 (2,01 (15.0)
Pre-beating of the boiles combustion air  (21.177) (1,588) {30 - {1,588) (28,858} (18.2)
Replacement of pump motors o - 15 2 00247 2 N2 6.0
Pump impeller cutting -~ R . £99 90 1.0 %0 53 0.6
Turning off unnecessary fights = e o9 ] .0 9 .0 -0
Total . - 19,302 1,448 2.3 1,085 101 1.1 1,549 3075 20

€1 4,893 % 10" Mcaly/9,100 % 10 keaUL, = 538 kLjy
#2. 154,546 % 10° Mcal/y/9,100 x 10" kealiL = 16,983 kLsy
3 246,179 % 10° Mcal/y/9, 100 x 107 keal/l = 27,053 kLiy
*4 2% 10" kealh x 24 2 365 % 0.925/9,100 keal/L = 1,781 kidy
*S 16,278 % 10° Mcal/y/9,100 10° keall = 1,789 klyy
106 SIBF{LAI NI Y RI0 =01 % i
7 1658 Y (1,433 10V ) R 00 = 2.4 %
*8 27,0531 (1A3I X0 X 00=38%
0 LI/ A33% 10 D RI0-02%
Cee10 17897 (1,433 X 100/ )% 100 =02 %
Tl 217740433100 2 X100 30 %
S¥12 527188650/ 2 00002 %
$13 8997 188,650/ 2% 100=10%
*14 91,3/ 188650/ 2% H0 =01 %
Energy price in Japan:
Fuel price: 17,000 yen/kL
Electricity price: 10 yearkWh
Encrgy price on Iran Rial base:
Feeloil: - 75 RialL
Elcclricity: 100 Rial’/kWh
-Exchange rate: 1,750 Rial = 1 US Dollar = 100 Japanese Yen
Calarific value of fuel: Oil: 9,000 kealkL

Investmeal cost is based on that in Japan,
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