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Chapter 1  Background of the Study

The Mazowiecki Cabinet was the first post-world war II Polish non-
communist administration. Established in September, 1989, it was
in the forefront of the transformation of political
democratization and of shifting to a free market economy. These
policies have in principle been continued by the Pawlak Cabinet
which was elected in September, 1993, although it appears theére
will be some slow-down in actual realization of the reforms.
Before transformation to the market economy, Polish industries
laid stress on the preduction of industrial goods rather than
consumer goods, and large state enterprises dominated. Raw
materials and products markets were closely related to the former
communist counties and there was virtually no foreign capital
inflow. To improve these conditions in the mid-term, industrial
policy for the year 1994-1997 aims at change in the structure of
industry, privatization of state enterprises, reduction of the
dependence on the former communist'countries for raw materials and
products markets and promotion of foreign investment in Poland.

As for the énergy sector in Poland, due to the previous_policy of
“self-sufficiency in energy, the share of coal was as high as 93%
in 1960. However, since then, the share of petroleum and natural
gas has been gradually increasing. Yet in 1993, the share of coal
was still 72%, which is much higher than the coal share in OECD
countries, averaging 19%. Polish energy policy up to the year
2010: plans that the present crude oil refining capacity of
14,700,000 MF shali be increased to 25,000,000 MT by 2005. It is
also characteristic of Poland, that the ratio of energy.
consumption to GDP {s 2 to 3 times higher than in the OECD

countries.

There are unfortunate consequences of théese characteristics of
higher energy consumption in relation to GDP and higher share of
coal ‘usage in total energy consumption; together with the delay in



" taking proper measures for pollution control. pischarge of
contaminants and pollutants to the ambient air and waters has beeén
much higher than in the of OECD countries, and there has been
severe damage to the forests. Contamination of the rivers is also
extreme, and over 57% of the river water cannot meet the guality
standards appropriate for industrial use and agriculture. In
November 1990, the Ministry of Environmental Protection has
published the nation's first environmental policy. This policy
consists of a 3 to 4 year urgent short term plan, a mid-term plan
up to the year 2,000 with the goal of enabling Poland to catch up
with the EC in reduction of pollutants, and a long term plan until

2,020 for environmental improvement with sustained development.

Plock Petrochemia‘S‘A.-(PPSA) is located in the province of Plock,
where population is abbut 520,000. The share of industry in
regional product of the prefecture is 20%, and the sharé of
agriculture is 44% in terms of employment. The un-employment
ratio is 18,5%, which is higher than the average in Poland of
13.6%. PPSA accounts for 70% of: industrial production in Plock,
and is the largest enterprise in terms of employment, also
supplying hot water to the region.

The shifts and changes of the industrial policies of Poland’s
Government necessitate PPSA to cope with the following
gituations; - '

(1) PPSA is implementing a program of privatizétion, and fox this
purpose 1t has been placed under the administration of the
Ministry of Privatization instead of the Ministry of Industry
and Trade. There has been progressives liberalization of
import of crude oils and sales of refined petroleum produbts
has been progressing.

(2) Liberalization of Polish petroleum market control measures to
the levels prevailing in EC countries, forces PPSA to compete
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with the prices and quélities of the products of the EC
countries. It is also necessary to consider changing the
structures of petroleum products and increasing their volumes
of output.  The import of crude o0il from the Middle East and
‘North Sea now accounts for about 50%, in addition to the

import of crude from Russia.

PPSA already has plans to invest in several facilities, to
implement expansions and improvements such as modernization of
No.1 through No.4 distlllatlon units, revamplng of No.?2 FCC,
construction of a desulfurlzatlon plant for lubricant oil,
construction of crude oil blending facilities, improvement of No.2
ethylene plaﬁt, construction of No.3 polyethylene plant,
desulfurization of flue gas of the power plant, modernization of
boilers No.l: to No.3, and 1nstallat10n of waste water treatment

facilities etc. up to the year 2,000,

This study is related exclusively to the modernization of No.l
distillation unit, and modernization of the thermal power plant
which supplies the distillation unit with electric power among the
various projects contemplated by PPSA.

Chapter 2 Contents of the Study
2.1 Modernization of No.1 crude oil distillation unit

The flow sheet of No.l crude oil distillation unit at the time of
the first field survey (November 1993) is shown in Attachment 1,
‘which mainly consists of No.l atmospheric distillation unit and
‘No.1 vacuum distillation unit.

- The main purposes of ‘the modernization at this time are as
follows:



(1)

1)

2)

Increase in the capacity of the distillation unit, and
improvement of the product quality

Improvement in the quality of petroleum products shall be
pursued until no off-grade products are produced. The quality
of the products shall in the future meet the product
specifications shown in Attachment 2.

The throughput of No.l atmospheric distillation unit shall be
balanced to that of No.l vacuum distillation unit to increase
the throughput. The design throughput of No.l'atmospheric
distillation unit is 308 t/h. However a part of the bottom
0il of No.l atmospheric distillaﬁiOn tower{atmospheric resi-
due) has to be by-passed at present when the throughput of

- No.1l atmospheric distillation unit is over 288 t/h because the

3)

4)

quantity of the atmospheric residue surpasses the capacity of
No.1l vacuum distillation unit.

Treatment of the AlQ fraction from the preflash column
overhead in No.l atmospheric distillation unit '

Sole treatment of the ALO Fraction from No.l atmospheric
distillation unit's by separating it from the Al0 fractions
from other distillation units, is required because it has
higher sulfur content than the other Al0 fractions.

Revamping of the desalters was originally included in the
modernization plan. :

However, this was deleted from the modernization plan bécause
in the analysis of the salt and water content in the desalted
crude o0il, and analysis of the o1l content in the wasté water
from the desalters, the current performance was found to be
sufficient. '



(2)

(3)

(4)

Saving energy

The reduction of fuel o0il consumption can be achieved mainly
by measures such as the installation of air preheaters,
control of oxygen in the flue gas from heaters, re-arrangement
of heat exchangers, removal of box water coolers, etc.

Reduction of emission of offensive substances

It is necessary to reduce offensive odor from the standpoint
of the environment for workers. It is planned to reduce
emission of 50, as an air pollutant by saving energy, and to
reduce emission of NOx both by saving energy and by
application of a low-NOx burner.

Replacement of the pneumatic instrumentation to DCS, which is
necessary because of a shortage of spare parts, etc.

The assumptions for planning the modernization measures described

above are as follows:

1)

2)

‘3}

‘Crude oil to be refined in No.l crude oil distillation unit is

only Ural crude 0il, properties of which aré shown in

‘Attachment 3.

‘There is no shortage in the supply of electricity consumption,

which is estimated to increase by about 1 MW after  the
modernization.

After the modernization, the existing plants down stream can
cope with the variation in quantity of each petroleum product

_ which may be different from the current guantity.

4)

The existing equipment can be operated continuously at its
design capacity. (It is necessary to check the existing
equipment in detail during the design phase.)



The study team analyzed the existing No.l crude oil distillation
unit and the same unit after modernization, by establishing a

computer simulation model.

As a result, the problems and the measures to be taken for

improvement are shown in Attachment 4, and points to be improved
are shown in the PFD of Attachment 5. Reéfer to Attachment 6 for
the PFD after the modernization,

'By implementing these measures, the following improvements are

expected:

1) The following are the actions necessary for bettering the

quality of petroleum products:

(a)

(b)

(c)

Stripping steam will be injected to thée strippers so that
no off-grade prdducts-will-be'produced.

Coalescers will be installed at the reguired places to
minimize corrosion and plugging in the catalyst bed, ‘which
may be caused by the condensate of the stripping stean.

A stabilizer will be constructed to separate LPG from the
Al0 Fraction, and a splitter will be constructed to
separate naphtha into light and heavy components.

The current product specifications for ﬁetroléum products
will be changed to a new set of specifications, and after'
the modernization petroleum products will be produced by
changing tray numbers between the fractions in the
distillétion tower; and by changing the draw-off
temperatures of each fraction.

However, the flash point of the Al3 fraction will be lower
than: the new product specification;~because nd Kerosene
fraction is produced. This was agreéd'WIth by PPSA during
the second field survey.



2)

3)

4)

5)

2‘2

It is possible to raise the bottom temperature of No.l
atmospheric distillation tower and to reduce the atmospheric
residue going to No.l vacuum distillation tower either by
increasing the outlet temperature of the Pc-2 heater or by re-
arrangement of heat exchangers, without replacement of Pc-2.
Because of the possibilities described above, all of the

atmospheric residue can be fed to No.l vacuum distillation

tower even if 308 t/h of crude o0il, which is the maximum
throughput, is charged to No.l atmospheric distillation unit.

This measure will also contribute to increasing the _
production ratio of high guality products as a whole. The
quality and quantity of the products at present and after the
modernization are compared in Attachment 7. ‘

Improvements for the purpose of controlling emission of
pollutant substances are shown in Attachment 8.

Reduction of 50, and NOx emissions will be accomplished by the
reduction of fuel oil consumption and by the application of a
low-NOx burner.

Attachment 9 shows the présent energy consumption of the plant
and the improvement after the modernization.

As for utility consumptioh; electric power and steam -
consumption will- be increased by the installatlon of air
preheaters, replacement of pumps, etc.

Consumption of cooling water will be increased by the
installation of a stabilizer and splitter unit.

Modernization of thermal power plant

Refer to Attachment 10 for the steam flow diagram (including
- boilers and electric power generators} and refer to Attachment 11

for

the simplified fiow diagram of the existing boiler feed water

facilities.



The purposes of the thermal power plant's modérnization are as
follows:

{1) Boilers from No.1 to No.3:
1) Improvément of boilex efficiency
2) Reduction of NOx and S0, emissions
(2) Boiler feed water system:
1) Reduction of chemical consumption
2) Reduction of water consumption
3) Increase of capacity for raw water treatment
(3) Increase of electric power geheration:
For planning of the modernization described above, the
following assumptions were confirmed: _
- The existing facility can cope with an increase of cooling
water consumption by 11,000 m3/h.-
- The existing facility can be operated soundly and
continuously as designed.
The above purposes for the‘improvement program are fulfilled
by the modernization measures as shown in Attachment 12.
The cutline of tris program is described below:
(1} The modernization of boilers from No.1 to No.3

1) Improvement of boiler efficiency



{a)

(b}

(c)
(d)

Fouling of boiler tubes can be minimized by installation

‘of soot blowers at the required places (as indicated in

Attachment 13).

This will make several things possible, such as the
following: prevention of degrading the heat efficiency by
fouling, prolonging of the continuous operation period,
and then this can be followed by rationalization of the
operation plan for all boilers (Refer to Attachment 14 as
an example).

Improvement of burning conditions by applying new burner
tips which are suitable for burning heavy fuel oil.

Heat recovery from deaerator vent steam.

Réplacement of the existing Jung Strom, including its air
preheater, makes heat efficiency increase because of
improvement of heat efficiency of the Jung Strom itself,
as well as reduction of electric power consumption of the
blowers by reducing the air volume which is leaking to
flue gas, and reduction of load to the flue gés

désulfurization unit.

2) Reduction of NOx and S0y emissions

Basically, flue gas from all boilers will be treated in the
common desulfurization/denitrification unit to satisfy the

regulations on these emissions.

Therefore, the purpose for renovating boilers from No.l to

N6.3 is to minimize the load on the common unit by reducing

NO=

and S0y emiSSions from these boilers to levels as low as

possible. Possible measures include:

(&)
(b}
(c)

Reducing fuel consumption and flue gas volume
Application of low-NOx burner

It could also be effective to change the water wali tube
to welded type. ‘However, it is difficult to apply this to
the existing boilers.



(2)

1)

2)

Therefore, this is not proposed in the modernization plan
becausé this modification would cost the same as the
construction of a new boiler,

Boiler feed water system

Reduction of chemical and water consumption is to be done by
the following measures:
As target values it is possible to reduce the chemical unit

‘consumption of HCl from 0.69 kg/m to 0.4 kg/m , and of NaOH
from 0.89 kg/m> to 0.5 Kg/mS.

However, it is impossible to reduce the raw water unit

3 of purified water

consumption from 1.4 of raw water per m
which is the current level, to 1.1 m3/m3 as a target value,

and it will remain 1.3 m3/m3.

(a) Regeneration efficiency is increased and chemical
consumption will be reduced by changing chemical flow from
parallel flow at present to countercurrent flow during the
regéneratiOn_of ion exchange resin, and series
regeneration for strong and weak cation and anion.

{(b) Installation of a distributor to make treated water flow

~uniform in the ion exchange resin tower.

{c) Installation of a chemical collector in the ion exchange
resin tower for the samé reason as in (b) above.

(d) Reducing the number of dead spaces of pipe line and
improving the effective use of chemicals by reducing the
volume of chemicals remaining at the dead spaces.

Increase the capacity for treating raw water
Increasing of the capacity for treating raw water was studied,

and it turned out that it will be impossible to increase the
capacity for treating raw water by using the existing

“eguipment because there is a limit of flow rate, which is
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restricted by the diameter of the current ion exchange resin

tower.

Therefore, there is no way to increase the capacity for
treating raw water except by the installation of a new
.facility. '

_In the case increase of the capacity for treating raw water is

. reguired, application of reverse osmosis is advantageous from

the stand point of raw water properties of PPSA.

(3) Increase of electric power generation

A large quantity of'electric power is purchased from the
outside in summer because electric power generated by the
existing extraction turbine generator decreases due to the

reduction of demand for steam in summer {Refer to Attachment

15).
This can be solved by instailing an extraction-condensing

turbine generatof which enablés:power generation regardless of

steam demand. _

The effect of the reduction in purchased elebtric power, as
" result of electric power generated by the extraction-

condensing turbine, is shown in Attachment 16.

Chapter 3 Plant Cost

Investment cost-requifements for the modernization of No.l
Distillaticon Unit and the Power Plant have been estimated for

a

individual items of the needed renovation by asking for estimates

in Poland (from PPSA, engiheering companies in Poland, and

manufacturers) in the case of items which can be make in Poland.

For those items which cannot‘be‘manhfacturedgin,quand,;the costs

have beén 6btainéd_by the experience of importing similar
equipment to Poland, and the prevailing ptipes‘in'European _
countrieé. The results of these estimates'are'summarized'in
Attachment 17.
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Chapter 4 Construction Periods

Construction peériods required for the modernization differ by the
nature of the projecté, due to the differences of construction
approach. As shown in Attachment 18, 29 months are contémplated
for completing work on the No.l Distillation Unit, and 24 months
for the Power Plant. ' '

Chapter 5 Financial and Economic Evaluation

The following are basic preconditlons of finan01a1 and economic
evaluatlon.

(1) FOB prices of crude 6il and petroleum products at ROttérdam
market were adopted as the basis of price estimation for the
evaluation. The estimated prices are shown in Attachment 19.

(2) Utilities cost is estimated based on the international trend
of energy price, and labor cost and maintenance cost are

assuned from actuwal figures of PPSA in 1993 as per Attachment
20. '

(3) Usually costs like sales expense, administration cost, other
fixed costs, and income tax, are by-their-nature borne by the
whole company. However, in this evaluation'wérk,'it was
assumed that the above costs are to be shared by éach Project
as per Attachment 21. Value Added Tax (VAT) which is levied
on crude oil, petroleum products and équipment ‘is excluded
from the evaluation because to some éxtent, VAT collected by
PPSA is cancelled by VAT it has to pay. In other words,
capital cost excluding VAT was used in the evaluation of the
Project. ' ' B
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Additionally, border tex is levied on crude oil but is not
levied on petroleum products.

Pre-operation expenses and interest during construction have
been estimated for this project and they are added to the

investment cost.

(4) The account payable period is 30 days for crude 0il. No
inventory or accounts receivable are assumed because the

output is intermediates.

(5) The source of funding is 50% on own equity and 50% from local
banks.
Interest rate for the borfowing is 12.5% per ammum with no

grace period, and repayment ‘is required within 5 years.

The purpose of the modernization of No.l Distillation Unit is
divided into the following two categories - one which is
absolutely necessary, described in (1) to (3) below,’and the other
for purposes of rationalization to gain more profit, described in
(4) to (6): '

(1) Minimizing of off-specification intermediates will be
necessary in the forthcoming free trade with the EC;

(2) Reduction of offensive odor is necessary for workers' health;
{3) Replacement of present system to DCS which is scheduled in the
‘wholée company 1s necessary to cope with shortage in supply of

spare parts;

(4) Up-grading of products' specifications, change in the pattern
- of products or raising the level of production capacity;

(5) Energy saving; and

S - 13



(6)

The

(1)

(2)

- (3)

The

Reduction of environmental peollutants.

Methods of improvement should be investigated for those
modernization measures which are categorized as neéessary,
without which continuous production will be impossible. The
effects are unquantifiable for this type of improvement. On
the other hand, effects are and must be quantifiable for
measures taken for the purpose of rationalization. So, -
investigation of whether the measure should be adopted or not

‘will be performed after the financial evaluation.

purposes of the modernization of the thermal power plant are:
Reduction of fuel oil and reduction of S0, and NOx emissions;

Reduction of raw water and chemicals consumption and
increasing the raw water processing capacity; and

Increase of electricity supply capacity by installation of an

extraction-condensing turbine generator,

results of evaluation of the No.l CDU modernization are

presented in Attachments 22 and 23. These tables show that total
investment, including both the renovations absolutély necessary

for continued production and measures taken for rationalization,

is within the range of 20-35% of the annual profit after-tax; even

"in the case that operation rate is 80%. This table also shows

that the repayment of debt and payment of interest is possible

within 5 years.

The financial rate of return (FIRR) for the project; measured on
the quantifiable effects, is fairly high and the number of payback
yvears is within a reasonable range.

Attachment 24 shows the summary of the results of the evaluation
on the modernization of the thermal power plant. Even with the
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boiler operation rate of 80%, using high sulfur content fuel, . the
payback years of inﬁestment are within a reasonable range.
However, water consumption volume after renovation will be greater
than the present water processing capacity limit, and an increase
in capacity for raw water processing is not be expected in the
current plant. It is necessary to install a new facility in order
to incgrease the water processing capacity.

conclusion and Recommendation

The modernization plan'for No.1l bistillation Unit has been
prepared with consideration of (1) production of intermediate
products of new standard quality without any offnspecifications
products, so that the final products of the refinery can be
compatible with the European market in terms of prices-and
qualities; (2) prevention of offensive odor emissions; {3)
Introduction of DBCS; (4) shifting to higher value_proéucts
(including balancing between the atmospheric tower and vacuum
tower):: (5) energy saving; etc.

These targets can be attained through efficient utilization of
distillation towers, heat recovery, and optimization of operations
such as injection of stripping steam etc.

Investment regulired to meet such targets will have sufficient
returns. It is recomméendéed that the above-described investments
‘in the No.,1 distillation unit shall be implemented.

As for the modernization of the thermal power plant, improvement
of the boilers contributes to the reduction of fuel consumption,
longer continuous operation period, etc. ‘Revamping of water
treatmént‘facilities will enable the reduction of chemical
consumption for regeneration. Installation of an extraction-
condensing turbine and generator will make it possible to
stébiiiZeTthelsupply of eleotric power without being affected by
the steam deimand, which will always be considerably lower in the
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summexy season; thereby greatly reducing the need for purchased
power. However, increase of the capacity of existing water
treatment facilities is difficult and it will be necessary to
construct a new facility for the pﬁrpdse. “The modernization of
the thermal power plant is well justifiable also, not only from -
technical viewpoints but also from the economic standpoint.

Iin summary, the proposed inVestment'is-quite rational.

Regarding air céntamination, the objective item is exhausted gas
from the heating furnace and boilers (1 through 3). S0, and NOx
from these sources is reduced owing to the effect of energy
saving. But this measure is not sufficient in itself, so boilers
are required to have facilities for desulfdrization-and
denitrification according to determination by PPSA; and also a
shift to fuel of low sulfur content has to be taken into
consideration.

Concerning water discharge, measures have been elaborated for
prevention of offensive odor contained in waste water coming from
each refinery top receiver.

As countermeasure, method of installation of waste water strippers
and method of connection of waste water piping between gathering
vessél and equipment have beén taken into account and -the latter
one is recommendable. .

And as countermeasure against hydrogen'sulfide'containéd in
receiver tank of feduction refinexry and slop tank.(Zb—3),
installation of amineé purification equipment has been contempiated
but this is not economical and the method of combustion in heating
furnace just like the present way may is the best one.

The profitability of investment greatly depends on opératiohalﬁ
rates. In order to secure higher profitability, it is preferable
to maintain a higher operational rate of the facilities. - For
this, it is prerequisite that crude oil shall be supplied
constantly and petroleum products can be marketed smoothly. . At
the same time, mechanical:troubles in the facilities shall be

S - 16



minimized. Proper maintenance of the facilities is required.

PPSA already has a planned maintenance system of preventive
maintenance and post maintenance. However, introduction of a well
established system and technology for plant diagnosis will be

required for the preventive maintenance plan to succeed.

Further, in addition to the increase of capacity utilization rate,
it is required to control the facilities well, responding to
changes in the operation conditions. Introduction of DCS will
‘help make accurate measurement and operation more adeguate than
before.
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ATTACHMENT 2-1 FUTURE PRODUCT SPECIFICATION FOR NO.1
:  CRUDE 01l DISTILLATION UNIT (1/2)

Use Specification
(§)Gases Refinery Fuel Gas €, mininum
(G126 Fuel for Home G +C ocontent vol & max. 1.5
: G content wol ¥ max. 0.5
- (3)Rea @ %-5 Colum in depenta-~ Distillation{*l)
' nization opegation iBP min, 25 °C
FBP 85 + 5C
: ‘ ‘Loss+Residue max. 4 vol. %
® W-5 Colum in dehexani- Distillatica(*1)
zaticn operation 1P min. 25 °C
' FRP max. 80 °C
Cooontent max. 4 wtd
G oontent max, 1 wth
Wk | @ w5 Colum in depenta- | Distillation{*1)
' - nization operation IBP 78+ 5CH _
50 vol.% recovered at °C 87
FBP 110 + 5°C
1) or G — G octent
3 wti
@ W-5 Colum in dehexani-| Distillation(*1)
zation operation IBP 80 + 5C
_ FBP 110 + SC
G oontent  minimized
{55 {(DReforming Feed pistillation(*1)
IBP 8 5 °7C
FBP. max. 150 °C
@pyrolysis Feed Distillation(*1)
: " IBP 78 °C
FBP. max. 180 °C
(6 (DRetoming Feed pistillation(*1)
- IB® min. 130 C
EBP “Inax. 180 ‘C
@Ppyrolysis Fead pistillation(*1)
1IBP min. 130 C
FBP max. 230 °C
(T Diesel 0i} Blerd Distillation(*1)
' ) FBP : Ifﬁx- 300 ’C
Flash point(AS™M D 93 )
min, 80 °C

NOTE: (*1) ASTM D 86
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ATTACHMENT 2-1

CRUDE OIl DISTILLATION UNIT (2/2)

FUTURE PRODUCT SPECIFICATION FOR NO.1.

% vol, evaporated at 350°C

min; 120

B)An Diesel Oil Blend ‘
' - Samer min. 85
Winter min. 90
()N Diesel Oil Blend |
' : o Non Specificated
40P+ I.ubricatang 0il OPERATION
. . . A . B
Distillation(*2) '
(TBP)
% vol.evaporated
-~ at 300 °C max. 7 max. 0.5
“at 325 °C max. 20 max. 3
at 350 °C 35-45 max. 10
-at 400 °C min, 90  45-60
at 450 C - min, 90
‘Viscosity at 100 ° C _
__ (e /) 2.5-3.2  3.5+4.2.
' (182) _
% vol.evaporated
at 300 °C  max. 0.5 max. 0.5
at 350 °C  max. 6 = —
~at 400 °C -~ 2030  max.10-15
‘at 450 °C 80-85 45-60
at 500 C  min. 98 85-90
above 520 °C P max 15
Visoc':sity at 100 ° ¢ _
{rm? /5) 5.0-5.6 6,9-7.3
43P, Lubricating 0il Distillation{*2)
% vol.evaporated. :
at 400 °C 6.5-8.0 max. 0.5
at 450 C - 31-34 max, 15
at 500 'C - 73-79 4550
above 525 °C  10-14 25-30
Viscosity at 100 ° ¢ :
(ITIT?/S) 1102"‘1108 12.0"’14-0
03P« | Puel 0il1 Blend ‘Flash Point 210 °C  210°C
| - Refinery Fuel oi1 perietration 1/10 m
{{fVacuum | '+ For Asphalt Plant (ASTMM D 5 ) E
Residue max. 200 max. 200
min, 120

NOTE: (*2) ASTM D 2887-78
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ATTACHMENT 3-1 Properties of Ural crude oil (1/2)

Analysis of Ural Crude 0il to be used for the Modernization Study
of No.1 Atmospheric Distillation Unit No.l Vacuum Distillation Unit

-
DESCRIPTION UNIT VALUE
1. Density @ 0.860
[}
API 32.3
2. Water Content Wt % 0.23

3. Chloride Contents _ mgf1 13

4. Distillation _
IRP ‘C 45

Evaporated at 100C Vol % 10.5
150°C 19.5

200C 28.0

250°C 30.0

300°C ' 47.0

350C - _ 61.0

5. Sulfur Content Wt 1.39

6. WS Content(Dissolved) | Wt ¢

at 20 °C : nil
50 °C nil
7. Viscosity _
at 10C 20.36
20°C 13.33
37.6C 7.64
50°C 5.64
8. Freezing Point C -1%
9, pour Point ol 12

‘s - 23



ATTACHMENT 3-2 Properties of Ural crude oil {2/2)

17. Watson K Factor

DESCRIPTICN UNIT
10. Conradosoa Carbon Wt § 3.80
Residue
11. Metal Content
v mi/kg 36
Ni 13
: Fe 20
Na 2
K below 0.5
Ca below 0.5
12, Asphaltene Wt % 1.2%
13. Ash Wt & - 0.014
14, Wax Content Wt % 2.57
Melting Point C 53
15. Acid Number KOH/g 0.06
16. Reid Vapor Pressure Pa {Kg/cnt) 392(0.4)
11,79
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ATTACHMENT 8

(kg/h)

Allowable Limit

Befere nodernization

‘Ater modernization

Fuinace S0, Fuel consumption | Heat balaance | Fuel consunption | Heat balance
(1993) base base base hase
Pe-1 55._6 N _l’!_9.3 1 292.3 133.0 246.0
Pc—z 203 SRR S 912 970 649 ,,,,,,,,,,,,,,,,,, 100 .............

(Note) The assuzed conditions are the same as those in Table 3.7-2 with 100% oil
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ATTACHMENT 9 DIFFERENCE OF ESTIMATED UTILITIES' CONSUMPTION BEFORE AND
AFTER THE MODERNIZATION OF NG.1 CRUDE OIL DPISTILLATION UNIT

ITEM FUEL EECP- STEAM QOOLING
PURMBER o1L RICITY WATER NOTE
(kg/h) { kv ) {t/h) (t/h)
(1) Heaters . : ' . « Including Saving Ererdgy
Items (Air Preheating and
Pe-1 -1,371.2 O: Control ).
‘ * Lowet calorific valve of
pc-2 -305.5 fuel oil : 9,443 kcal/kg
_ _ « Minus meéans decrease of
(2} stabilizer & Splitter _ oconsumption.
p-210 A,B 1.5 ~ Ore prp operation.
p-202 A,B 1.5 - One parp operation.
P-203 A,B 1.1 . - One pamp operation.

{3) Re-arrangement of H.E

Punps 182.5 - One panp operation,
Ex-6 40
Ex~7 ‘ 130
- Ex-8 165
Stripping Steam 4.5(0.7 ¥Pa) w-2, Ww-3, w-7, w-8
- !
pd-1.1 & Bd-1.2 " 4.0(1.7 MPa) 14}(9[011'(;(205 Q)
{4) Air Preheat
Jung Strom 2.2 :
: + Current utility consumption
Soot Blower 6.2 informed by PPSA
. : —Blectric Poweril,504 kwh
Steam Air Heater 7.8{1.7 MPa) ~Instrurent air: 234 o /h
~Steam (1.7 MPa}t 5.447 t/h
Forced Fan _ 500 ~Steam {0.6 MPa):14.580 t/h’
{including steam for steam
Induced Fan _ 400 trace- 6 t/h )
(5) Removal of
existing purps
P46 ' -9.6 Information fram PPSA
P-49 -16.0 Information from PPSA
P-51 -30.0 | Information from PESA
{6) DCS h 25 _
-1,676.7 1,058.0 | - 16.3 335
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ATTACHMENT 11 SCHENATIC FLOY DIAGRAN OF CURRENT DE-NINERALIZER F&ClLlTllES

Train A B ¢ [+ . E - F G B
Faciliey Ro. T 8 9 10 11 12 1) | 14
Trade Ixgbm2/h = 240 5x100m3/h = 500 mi/h
Nama T 1 )
of Resin : - :
80 &0 gol 160 100l o 100] 100 100
(’ * _ ) ( y
organic Matter WOFATIT o X®) Q O O Jﬁ QKp
Adsorber - jEASD :
C D C D
. . L . b L
cation Tower  [WOFATLIT i i S 8 Q O O Qs
-KpS _ B _
b
( 3
Anion Tower AMBERLITE| © % O e o] Q T Qal
-TRAGES j
' 1 L 9 ¥ .
C D C )
Decarbonator - GO
Cation Tower WOFATIT KB
: -KpS
C ) )
Anion Tower AMBERLITE] © o] (E LQ O e O rl»u
-~IRAS10
1( ) £ D
: . O
silica Polisher|WOFATIT T T @] O O QoW
-Xps : . )
WOFATIT Y _ '
s |(C : ) | D
T
bemineralized Water
Source: PPSA O = prent
Humerical Capacity |nilh)

Value
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ATTACHMENT 13-2 RECOMMENDED POSITION OF
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ATTACHMENT 14

ONE SAMPLE OF BoiLER LOAD BALANCE AT THE CASE OF 1,470 T/H OF
TOTAL STEAM DEMAND

boiler number " 1load % of rated load

No.1 260 t/h 80% of rated load

No.2 260 t/h 80% of rated load
No.3 out of use

* No.4 316 t/h .75% of rated load

* No.5S ‘316 t/h 75% of rated load

* No.é& 218 t/h 76% of rated load
No.7 " out of use

Note: * means for locad adjustment
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ATTACHMENT 16 ELECTRICITY BALANCE AFTER HODERNIZATION

Month - Electricity Electricity  Sold ‘ Purchased
"generated consumed electricity electricity
(kWah/h) (kxWih/h) (kxWeh/h) (kWih/h)
Jan. - 65,000 2,960 - 62,040 0
Feb. 65,000 7,440 57,560 0
Mar. 65,000 11,290 53,710 0
Apr. 65,000 24,860 - 40,140 0
May 65,000 38,300 26,700 0
Jun. 65,000 . 57,780 7,220 0
Jul. 65, 000 58,870 6,130 0
Aug. 65,000 65,000 0 10,000
Sep. 65, 000 65,000 0 2,200
oct. - 65,000 34,950 30,050 0
Nov. 65,000 20,140 44,860 0
Dec. 65,000 12,900 - 62,100 0
Total *1 569,400,000 292,658,160 ° 276,741,840 9,038,400
Total *2 514,800,000 264,595,050 250,204,950 8,171,700

Note: *1  Annual cumulative value (kWih/year)
*2 Annuval cumulative value correlated with
330 days/year



SIMOY-UBA! wqﬁh&am pue Jrawemool ‘SumeemiSuy HIN-SJT 1NION

8801 1)

eyt F S S—

AQD T'ON JO XAVININNS  E-L1 INZWHOVLLY

]]

66T'6110L |6ES'LLY'T [#P9°€E9 - . [916°L00'8 [06¥'0L8  [0EL'6ZEE |9PSPIST |059°T6T TR0, puRlty
SSYWZY. |06L7T2 $98°691 008'SEY 00LCT. 009'v8 - -1000°82E 10059{e0D JO TONR[EISU] | 9
20007 1809°¢ - 00%'91 - 00001 00%°9. - $08eM0S U7 20TMIS QRS
| o ‘ _ 10po aarsuapo Suwwpay | &
SSYEWT  |8ETCLT OLT'0IE 080488  {080'vIT-  {008THT 00T 6L 000°¢E9 $OQ 01 wowmaoeday | ¢
ipSE'681 - 80002 I9vSL 00811~ |008°61 00918 000°s9 001 Z-94 PUE 124
: 1 : : wo seS Mg W IoRuod ) | £
loorZSET  |L16°1PE £90°051 07P'098'T  |066'631 081°80L 000°959 05T'90¢ 3reyoxd qre 30 voneesy | 7
PEY'EOPY  [8LOP08 - 9IP'695'c  |0T6'EEY 0S5TETT  {9v6'T66 - 23uryoxa jeay Jo JusmoSuenedy | 1
. sosuadxd 12207 udrorog
®’0L IVA Anp 12501 pue 10
| wodwy | gng | HN-S43 | PRW | remewp womdiby |

50



INV7d ¥IMOI JO XEVINKNS Z-LT INTWHOVLLY

0CL'RC'CE [6E6'Q9L'T  |6ST'6T6  [SE9°0L1°LT [BTT'BLE'T |0SS'8ITL T00LV8SL |00T:650°01 T@OLPUED | |

Z0L°L99  |ZL9'TOT  |OYETE 069°7eS - |OET'68 09L'9v€  |008'ST  :{000%99 SORIIOR] 201 POSF IBNOF 1 I-M |}

6peze'or 1106656  |000°0Z6'S  [SS6HPIT. (2989491 |089°TLT'G - |000°00S’S  {000°000°8 IOINUIG) SWGINY, FUSTPUOD) | T-O

CeC7OR'G  100CL0L 1618996 {00Y'SST'S |0£221Z  |OTT'LYO - |096'SSET  |00T'€L6T © 38104 € JO UOREINPON | I~g

__ sosuadxs - [e30] uBre10g - o . , .

oL IVA Knp ™03 pue pom - _

| xodwy Qns HIN-S43 pIotd [erxorepy 79 Juawdinby

$S0 3N .

51



dn-yels pue mc_co_ﬁEEomam

UMOQ INYS J1Ur) pue u-all

SIOM UOTINASUOD -|

- JOBRUOD -

uonenjeag-

PIg j0 Jdana) pue uoneledald -

JUBWINS0Q Alinbuy -

_uononnsued)|

boz__.oﬁ

SI9pI(y 9SBYDINg PUE UOREN[RAT -

pig 30 1deoay -

uawIn2og Ainbuj -

JuaWdinDb3 40 JUB3WBIND0I

mcn_oo_c_mcm BUE UBRag

- Juauiebeuy Jeueutd

M (0T (68 |BL |41 1L (SL¥1 €L T

SYION _

SSUNAOSID WO

“C(LINR NOIIVTIIISIA 1°0N)

ITNCEEIS NOILVINGRYIAN] T-87 INTWHOWLLY

52



1S9 SOUBULIOMS

LONOIUUOS/UCRR IS

AdaRQ

4

Jopio eseydIng)

uogen|eAs|

anssy pue vogesedald pig

anssyuogesedald uawnsog Aanbug

JOTRIRUBS/RUIGINT MSH

(UMOQ INYS YUN)UOKIasT

uccE&.: b3 o Aiddng

oc__._ooc_mco noe _:mwg

UOQBRODHN JORIUOD 10040

T aEo e LeeI L O,

|

UONBZIIOPoIN JSTIog

Juswsbely [ePuetl|

2518

e

A

¥

AR A ENEED

gLzLite o

s |5

SYIUON

SOUHUSID MIOM

(INV1d B3R0d) 3INCIESS NOIIVINZRITIRI Z-8T INIWHOVLLY

S - 53



ATTACHMENT 19 PRICE OF CRUDE OIL AND PETROLEUM PRODUCTS
(SUPPLEMENTED ON ROTTERDAM FOB BIRGE)

Crude 0il (Ural) Us$ 130/ton

Fuel gas USS 105/ton
LPG _ 120
L/H Naphtha 170
Kerosene 140
Gas 0il . 180
Y.6G.0. 160
Fuel oil (Low sulfur) 8%
Fuel oil (High sulfur) 85

AFTACHMENT 20 UTILITIES COST, LABOR COST AND MAINTENANCE COST
(ESTIMATED ON ACTURAL FIGURES OF PPSA IN 1593)

Eiectricily yss 0. 05/kwh

Cooling water 0.03/cu o
Penineralized water _ 1.00/ton

Fuél gas - 105.00/ton

Fuel oil - 85.00/ton

Steam (HP) 8.05/ton

Stean (¥P) 7.08/ton

Steam (LP) 6. 95/ton

Labor UsSs 470.00/4N

e L N

Maintenance cost :
- #1 DY 0SS 517, 028/Y
- Power Plant Us$ 5,289, 000/Y

ATTACIIMENT 21 SALES EXPESE, ADMINISTRATION COST,
OTHER FIXED COST AND INCOME TAX (WHOLE PPSA)
Sales exXpense: 0. 6% of sales (= output value)
Administration cost: 0.6% of sales (= ou;but value)
Technical development cost: 0. 1% of sales (- outhut value)

tncome tax: : 40. 0% of net_prdfit {=dutput value)
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ATTACHMENT 22-1

COMPARISON OF OUTPUT VOLUME AND AMOUNT

BETWEEN "WITHOUT" AND "WITH" CASES
- (OPERATIONAL RATE @

100%)

Output Volume

Output Amount

"Grand Total

Intermediates (t/h) Price (US$ 1,000)
{(Us$S)
Wwithout With Without With
<Topping> :

. Fuel Gas 1.1 0.7 105 915 582
LPG - 4.3 120 0 4,087
L/H Naphtha '59.5 - 170 - 80,111 4]
(A10/11/12) -

L/H Naphtha - 55.0 170 0 74,052
(R12/13,A11/12)

Kerosene 20.5 - 190 30,848 )

(A13).

Gas 0il - 93.7 180 0 133,57¢%

(A13/14) :

Gas 0il 62.7 - 180 89,385 0
(A14/15/16)

Fuel 0il 10.7 - 65 - 5,508 0

" Sub Total '154.5 153.7 206,767 212,300
<Vacuum>
Fuel Gas 0.1 ' 0.0 105 83 0
Vacuum Gas 0il 86.3 - 83.9 160 109,359 106,318
(P10/11/12/13)

Fuel 011 10.7 10.0 85 - 7,203 6,732

(Low Sulfur) Lo

Fuel 0il . 56.4 " 60.4 65 29,035 31,094

(High Sulfur)

Sub Total 153.5 154.3 145,680 144,144
308.0 308.0 352,448 356,444

Source: Estimated by the Team

‘S ~ 55



BTTACHMENT 22-2 . COMPARISON OF OUTPUT . VOLUME AND AMOUNT

BETWEEN "WITHOUT" AND "WITH" CASES
~ (OPERATIONAL RATE -

: . 100%)

Output Volume

OQutput Amount

Intermediates (t/h) Frice (us$ 1'009)
(Uss$)

without With : Without With
<Topping> -
Fuel Gas 1.1 0.7 105 915 . 582
LPG - _ - 4.3 120 0 4,087
L/# Naphtha 59.5 - 170 . 80,111 0
(A10/11/12) .
L/H Naphtha - °55.0 170 o 74,052
(R12/13,A11/12) _ _ : _
Kerosene 20.5 = 190 30,848 .0
{A13) _
Gas 0Oil - - 93.7 - 180 0 133,579
(A13/14) '
Gas 0il 62.7 - - 180 89,385 0
(A14/15/16) | :
Fuel Oil. - 10.7 - 65 5,508 0
Sub Total 154,5 153.7 206,767 212,300
<Vacuum>
Fuel Gas 0.1 0.0 1056 a3 0
Vacuum Gas 011 - 86.3  83.9 160 - 109,359 106,318
(P10/11/12/13) ' '
Fuel 0il 10.7 . 10.0 - 85 7,203 6 732
{Low Sulfur) :
Fuel 0il 56.4 - 60.4 65 29,035 31,094
(High Sulfur) _ T g
Sub Total 153.5 154.3 © 145, 680 144,144
Grand Total 308.0 308.0 352,448 356,444

Source: Estimated by the Team
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ATTACHMENT 24 FINANCIAL EVALUATION OF POWER PLANT MODERNIZATION

Facility Investment(US$) Benefits(US$): Payback Years

Boiler plants

100% operation 6,463,000 1,320,483 4.89

80% operation 6,463,000 1,017,716 = 6.35
Boiler feed water o _
Processing system 594,000 . 845,225 ' 0.70
condensing turbine 26,638,000 7,026,703 ' 3.78

‘6 - 58












i

T DA NS B AR R S

e

i



	Cover
	Title Page
	Contents of Executive Summary
	Chapter 1 Background of the Study
	Chapter 2 Contents of the Study
	2.1 Modernization of No.1 crude distillation unit
	2.2 Modernization of thermal power plant

	Chapter 3 Plant Cost
	Chapter 4 Construction Periods
	Chapter 5 Financial and Economic Evaluation
	Conclusion and Recommendation
	Attachment 1 PFD OF NO.1 CRUDE OIL DISTILLATION UNIT IN MAZOVIAN REFINERY
	Attachment 2-1 FUTURE PRODUCT SPECIFICATION FOR NO.1 CRUDE OIL DISTILLATION UNIT (1/2)
	Attachment 2-2 FUTURE PRODUCT SPECIFICATION FOR NO.1 CRUDE OIL DISTILLATION UNIT (2/2)
	Attachment 3-1 PROPERTIES OF URAL CRUDE OIL (1/2)
	Attachment 3-2 PROPERTIES OF URAL CRUDE OIL (2/2)
	Attachment 4-1 MODERNIZATION OF NO.1 CRUDE OIL DISTILLATION UNIT (1/2)
	Attachment 4-1 MODERNIZATION OF NO.1 CRUDE OIL DISTILLATION UNIT (2/2)
	Attachment 4-2 MODERNIZATION OF POWER PLANT (1/2)
	Attachment 4-2 MODERNIZATION OF POWER PLANT (2/2)
	Attachment 5 PFD OF NO.1 CRUDE OIL DISTILLATION UNIT IN MAZOVIAN REFINERY
	Attachment 6-1 PFD STABILIZATION UNIT OF MAZOVIAN REFINERY
	Attachment 6-2 PFD (AFTER MODERNIZATION) OF NO.1 CRUDE OIL DISTILLATION UNIT IN MAZOVIAN REFINERY
	Attachment 7 MODERNIZATION PLAN OF NO.1 CRUDE OIL DISTILLATION UNIT
	Attachment 8 CHART
	Attachment 9 DIFFERENCE OF ESTIMATED UTILITIES' CONSUMPTION BEFORE AND AFTER THE MODERNIZATION OF NO.1 CRUDE OIL DISTILLATION UNIT
	Attachment 10 SIMPLIFIED STEAM DIAGRAM AFTER INSTALLATION OF NEW CONDENSING TURBINE
	Attachment 11 SCHEMATIC FLOW DIAGRAM OF CURRENT DE-MINERALIZER FACILITIES
	Attachment 12 MODERNIZATION OF POWER PLANT
	Attachment 13-1 SIMPLIFIED FLOW DIAGRAM OF BOILER
	13-2 RECOMMENDED POSITION OF SOOT BLOWER TO BE INSTALLED
	Attachment 14 ONE SAMPLE OF BOILER LOAD BALANCE AT THE CASE OF 1,470 T/H OF TOTAL STEAM DEMAND
	Attachment 15 ELECTRICITY BALANCE OF PPSA IN 1992
	Attachment 16 ELECTRICITY BALANCE AFTER MODERNIZATION
	Attachment 17-1 SUMMARY OF NO.1 CRUDE UNIT
	17-2 SUMMARY OF POWER PLANT
	Attachment 18-1 IMPLEMENTATION SCHEDULE (NO.1 DISTILLATION UNIT)
	18-2 IMPLEMENTATION SCHEDULE (POWER PLANT)
	Attachment 19 PRICE OF CRUDE OIL AND PETROLEUM PRODUCTS (SUPPLEMENTED ON ROTTERDAM FOB BARGE)
	Attachment 20 UTILITIES COST, LABOR COST AND MAINTENANCE COST (ESTIMATED ON ACTUAL FIGURES OF PPSA IN 1993)
	Attachment 21 SALES EXPESE, ADMINISTRATION COST, OTHER FIXED COST AND INCOME TAX (WHOLE PPSA)
	Attachment 22-1 COMPARISON OF OUTPUT VOLUME AND AMOUNT BETWEEN “WITHOUT” AND “WITH” CASES
	22-2 COMPARISON OF MAJOR FINANCIAL ASPECTS BETWEEN “WITHOUT” AND “WITH” CASES IN YEAR 2000
	Attachment 23 COMPARISON AMONG CASES OF FINANCIAL EVALUATION THROUGH PROJECT LIFE
	Attachment 24 FINANCIAL EVALUATION OF POWER PLANT MODERNIZATION

	Cover

