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EXECUTIVE SUMMARY

In 1991, the United States Agency for International Development {(USAID), as an element.
of its Emergency Energy Program for Central and Fastern Europe, retained the Chicago
office of Davy McKee Corporation {DMC) to perform a technical study of the seven -
refineries that constitute the Petroleum Refining Industry of Poland. The results of the
study are presented on two levels: refinery characterization and selected refinery
evaiuation. This report covers the results of an audit and evaluation of the Gdansk
Petroleum Refinery in Poland. A separate report covers the characterization of the Polish
petroleum refining industry. Also, a separate report covers the structure and use of a .
computerized data base, which has been prepared from the data in response to.a DMC
questionnaire issued before the beginning of the field work. '

The project started with meetings in early December 1990, between the USAID personne!
and Polish Ministry. - During the meetings, a plan and schedule were developed for: the
participation of Poland in the U.S. Emergency Energy Program. This evaluation report on
the Gdansk Refinery contains the elements agreed upon at these initial meetings. The
goals of the program were to provide a data base for future planning activities in Eastern
Europe to improve the viability of the petroleum sector, support the achievement of
improved energy consumption efficiency and support alleviation of adverse env:ronmenta!
impact. The study addressed the potential of achieving substantial improvement in energy
efficiency and disposal of solid, liquid, and gaseous effluents, both by reduction in volume
“and method of handling. Order-of- -magnitude capital requirements and return on investment
associated with identified opportunities form part of these evaluation reports. The Scope
of Work, or Terms of Reference for this project may be found in Appendix C of this report.

At the outset of the project. teams were organized for both the characterization and
evaluation . efforts and consisted of engineering professionals with many vears of

experience in their respective engineering disciplines in the design and technical Operatlon :
of a petroleum refinery. Technical disciplines representad within the team were process :
environmental, mechanical, electrical, and instrumentation engineering. It shouid be noted

that. Gdansk required that DMC sign a Confidentiality Agreement prior: tc rzlease of

information. Further, a similar agreement was executed with UOP of DesPlaines, IL. Each

organization required review and approval of a draft report. Such revuew and approval has’
otcurred.

EXECUTIVE SUMMARY
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The steps for acquisition of data for preparation of this evaluation report were dmded as R
follows: : _ _

First, there was a preliminary, or reconnaissance visit to Poland during \}vhi;ﬁh a
rather detailed questionnaire was furnished to the Plock Refinery representative.

The second step of evaluation and audit effort consisted of data collection throtlgh'
meetings with operating managers and engineers of selected process units within
the Gdansk Refinery. The DMC Team visited the Gdansk Fiefmery on 6-8 June,
1991

During these refinery visits, host country consultants were engaged to participate
and provide technical assistance for the in-country phases of the work. In addition
to such technical assistance, the consuitants were able to provide customs and
language interpretation to insure mutual understanding of the material presented.
Communication was facilitated by multi-language fluency within the DMC team.

The program for the evaluation process was discussed and agreed upon with the -

General Director of Gdansk and the refinery management. The in-depth review was = =
confined to the refinery production block and connected off-site facilities. The
maintenance system and power plant were reviewed as part of the whole compiex.
The evaluation was done in close cooperation with refinery management, team -
members, and refinery personnel reviewing design and process documentatlon :
within the context of the following areas: :

® energy consumption improvemsents
L “flexibility of the units and impact of crude oil changes
B reduct:on of environmental impact

Each major processing group in the refining portion of the complex, inciuding the o
power plant, was reviewed. The process evaluation normally consisted of'a = .|
 meeting with.the appropriate process unit manager together with a transiator, if
necessary, for an initial process flow diagram review. The team mechanlcai and
instrument engineers often attended these reviews to minimize repetitious quenes,

The DMC team received strong cooperation from the process unit managers

Following the revi_ew sessions, a unit visit generally was conducted to @bServe
directly all equipment items and check temperatures, pressures, and performance. . -~

The Gdansk Refinery is located northeast of the City of Gdansk on the shore of the Baltic
Sea. The original refinery was a hydroskimming plant designed to produce gasoline, .
distillates, and residual fuel oils. It was erected in 1973-75. A vear later, constructlcn
was started on facilities for lube cil and asphalt production. : -

EXECUTIVE SUMMARY
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The Gdanex Refinery was selected for study because it is one of the principle refmenes in -
Poland. The refinery uses modern western design with electronic instrumentation and -
employs. a high degree of U.S. and European technology. Although this evaluation
considers all units of the refinery, the Crude Unit 100, Vacuum Unit 900, and the Gas Oil
Hydrotreating Unit were subjected to a more complete review. These three units are
considered to be the major factors in the overall refinery energy balance and possibie
contributions to potential savings. The operational observat:ons for these units and the E
power plant are presented in this report. N

The Port of Gdansk is available for importing crude from the Middie East, the North Sea,
and other areas of the world. The refinery also can be supplied with Russian crude via
pipeline through a branch from the Friendship pipeline as it passes through Poland on its
way to Germany. The capacity of the Gdansk Refinery is 3.2 million tonnes per vear: -
(73 000 BPSD).

The petroleum refumng mdustn/ in Poland, as in the other Eastern European countries, has
been predominantly based on a single source of crude oil from the USSR.

The crude oil in the past was supplied at relatively fixed and stabie_low term prices. Hard
currency was not an issue. Products were produced for the domestic market. The primary
performance criteria was to satisfy the domestic market, with cost a very secondary
consideration. A monopoly distribution and marketing network was developed for gasoline,
diesel. and fuel oils. The retail prices were fixed by the state.

Beginning in 1991, supplies of crude oil from the USSR were at international prices pavable
in convertible currencies. At times, the USSP reduced their deliveries up to 50% of
- gontractual obligations.

Currently, a 76/30 mix of light Iranian and low sulfur Statf ord (Norwegian North Sea
Crude) is used and is satisfactory for both lube oil production and for controlling the sulfur -
content of the crude charge tc the refinery at a maximum of 2.0 weight percent. The
maximum throughput rate for this blend, at a 42 weight percent residual fuel. is
approximately 375 tonnes per hour, which is equivalent te 2 952 000 tonnes per year.
Recent operations {1990} inciuded a throughput of 2 130 000 tonnes per year, indicating

~ a 72 per cent operational rate. This reflects a declining demand, as reported by the
refinery staff, due to competition from lower priced western imports.

The refinery is designed based upon air cooling and electric motor drives. A supplementary -
cooling system for lower temperature services and trim cooi:ng is also provided.

An important aspect of energy savings in the refinery design is that all heaters in each of.
the two trains of fuels and lube units are connected 10 a 120 meter high fiue gas stack via
breaching through waste heat boilers utilizing induced draft fans.

EXECUTIVE SU MMAF{Y :
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.Energy improvement opportunities are presented individually in Section J - The :
opportunities are categorized according to magnitude and projected time of achlevement :
and are summarized as follows: : : S

Environmental

include:

Reduce product/feed losses by recovering flare gas, installing 2 crude ol
custody transfer system, minimizing tank farm and inter-unit transfer losses,
and establishing a committee responsibie for hydrocarbon losses. . :

Provide training in business management, capital budgetmg, and pro;ect :
justification, and provide the operations staff with training and. exposure to :
courses in refining operatlons. - '

Provide access to a refinery/chemical engineering ‘process  simulatior.
program, a linear programming model for optimizing refinery operatlons, and e
an inventory/maintenance hnstoncal database system. : o

Reduce motive power losses through impeller trimming and/or consider the
use of power recovery turbines in h:gh pressure drop liguid let down
service: :

Reduce system heat or steam usage through improved insulation arjd heater

refractory: reduce process stripping steam, minimize heat -exchanger -

fouling; change steam ejectors to a vacuum pump; replace or improve soot
blowers; and consider the installation of a hot oil loop in the furfural and
propane deasphaltmg units. :

Increase production through improved on-stream time by reducmg corros:on
downtime problems.

Investigate means to improve fractionation through better tray'design or
appiication and consider the use of a crude unit pre-flash tower. :

Consider the addition of a visbreaker for vacuum residue and evaluate

converting the Ultraformer when retired to

pentane/hexane/isomerization/service.
improvement Oppon_:unities are presented individually in Séc_ﬁon I( They

Conversion to low nitrogen oxide burners

installation of flue gas analyzers

installation of emissions monitors

Study losses of volatile organics ' _
Provide training through seminars on current Western envnronmental

practrces.

EXECUTIVE SUMMARY
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Mechanically, the ea:iipment in Gdansk is of Western manufacture and is well maintained.

Western standards are used for materials and design. Hest exchangers and oil burner:

atomizing nozzles are manufactured in Poland to a highly efficient in-house design. The
maintenance and repair shops are to be compiemented for their exce!lent accomplishments
in maintaining and repairing equipment.

The vessel code in Poland does not allow more than 100,000 hours of operatlon for

pressure vessels. The DMC team suggests that the Polish code and vessel metallurgicat -

design be evaluated in context of possuble vessel life extension.

The DMC team further believes that a -re-evaluation of the practice of a fixed interval

maintenance tui.y around schedule is in order, with consideration given to past performance
of the units. On-stream, ron-destructive testing for corrosion would also aid in increasing
on-stream time.

Overall, Gdansk is a modern, well run and mamtamed refinery, and is 1o be compiemented
on their fine facility.

EXECUTIVE SUMMARY
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Secticn A

INTRODUCTION

The Davy McKee Evaluation Team would like to express its gratitude to the management
and staff of the Gdansk Rerinery for their excellent cooperation and assistance. Special
thanks are due also to the following individuals and the entire personnel in their
department.

Marek P. Sokolowski Technical Director
Roman Partykiewicz Chief of Refinery Energy Department
OBJECTIVES

The primary objective of this report is to present opportunities for energy improvement and
reduction of emissions for the Gdansk Refinery. A secondary objective is to characterize
the modifications for achieving expected benefits in accordance with the magnitude of
effort and capital requirements anticipated. Other goals of the study include a consideration
of refinery operating flexibility, an evaluation of fuel switching, including the use of coal
as a substitute energy supply, and an observation of the plant’s general condition and of
its maintenance practices for their effect on operations.

The stated USAID objectives of this study are to:

s ldentify changes in operating practices and low cost modifications to equipment
that can be immediately implemented to increase the efficiency of energy
utilization; to conserve energy by avoiding its unjustified use; and to reduce, as far -
as practical, undesirable gaseous, liquid, and solid effiuents. :

° ldentify, characterize, and recommend more extensive changes in practices,

equipment, and modifications to the process units, which appear justifiabie but at
the same time require further study possibly using inputs that are not vet available.

s Assist the management of each selected refinery in each country, as needed, in
implementing the changes identified above through on-the-spot assistance including
training sessions for refinery personnel. :

This repert details the results of the Evaluation and Audit Study. The recommendations of
the study to improve energy utilization operations (yields and practices) and environmenta!
conditions are categerized as:




Section A

. Immediate minimum cost recommendations: This category covers no cost to fow
cost modifications to the refinery that will be relatively inexpensive and easy to
implement. The refinery can generally implement the recommendations with its’ -
internal resources. '

° Short term intermediate cost recommendations:  This category includes =

modifications and/or additions to the refinery that will be characterized by costs
related to equipment purchases and/or changes to process operating conditions that
could be considered significant. Implementation requires outside and appropriate -
resources. : :

. Long term substantial cost recommendations: This category characterizes primarily
significant modifications tc current processing capabilities or instailation of
additional process units to improve the refiner's competitive refining position into
the 21st century. Implementation of this type of recommendation would be |
potentially expensive and time consuming. Implementation requires outside -
resources and justification based on changes in crude oil supply and in market
conditions.

REFINERY SELECTION

The Gdansk Refinery was selected for study because it is one of the principat and r_nost'

modern refineries in Poland. Although this evaluation considers all units of the refinery, the

Crude Unit 100, Vacuum Unit 900, and the Gas Oil Hydrotreating Unit were subjected to -
a more complete review. These three units are considered te be the major factors in the
overall refinery energy balance and possible contributors to potential savings.

SUMMARY OF FIELD ACTIVITIES

The Davy McKee Corporation {(DMC) evaluation of the Gdansk Refinery took place overa

two-week period from 6-18 June 1991. The evaluation team consisted of: T. Raslawski, .~ - :

Electricai; A. Steinhaus, Instrumentation; N. Roberts, Mechanical; A. Lason,:a Polish
consuitant with extensive in-country refinery experience who also provided translation
where needed; W. Holve, Refinery Process Engineer; and A. Walinski, Project Manager. -
The content of this report is enhanced through the insights, expenence, and: personal_ :
knowledge provided by the DMC in-country consultants.
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The program for the evaluation was discussed and agreed upon with the General Director
of Gdansk and the refinery management. The in-depth review was confined to the refinery .
production block and connected off-site facilities. The maintenance system and power
plant were reviewed as part of the whole complex. The evaluation was done in close
cooperation with refinery management, team members, and refinery personnel reviewing
design and process documentation within the context of the following areas:

* energy consumption improvements
. flexibility of the units and impact of crude oil changes
® reduction of environmental impact

Potential solutions were discussed and agreement or an understanding was reached with
the refinery personnel on the technical aspects of the review.

Each major processing group, as shown in the Block Fiow Diagram, Figure 1, in the refining
portion of the complex including the power plant was reviewed. The process evaluation
normally consisted of a meeting with the appropriate process unit manager together with
a translator, if necessary, for an initial process flow diagram review. The team mechanical
and instrument engineers often attended these reviews to minimize repetitious queries.

The review meetings proceeded successfully overcoming the bilingual interpretations of the
review items. The DMC team received strong cooperation from the process unit managers
in answering queries or in seeking answers to more complex questions.
Following the review sessions, a unit visit generally was conducted to observe directly all
equipment items and check temperatures, pressures, and performance.

4. REFINERY DESCRIPTION

The Gdansk Refinery is located approximately 10 km from the Baltic Sea Coast of Poland.
The refinery is modern and combines an automotive fuels and lubricating oil facility

designed for Mid-Eastern Kuwait and UAE Zakum crude oils. The facility was constructed o

between 1972 and 1974 by the italian firm Snam Progetti. The refinery was constructed
in two stages. The hydroskimming fuels section employs US technology licenses. for
catalytic reforming (Amoco) and hydrodesuifurization (UOP) units. The separate and
independent vacuum distillation and lube oil train, based upon licenses from the West
German firm Edeleanu, was commissioned in 1976. There is no heat integration between
the two major distillation uni.s.

A-3
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Section A

The process units and their relationships as shown on the Block Flow Diagram Figure 1,
are itemized below:

100 Crude Distiliation
200 Naphtha Hydrotreater
300 Kerosene Sweetening (Merox)
400 Catalytic Reforming
500 Gas Qil Hydrodesulfurization
600 H,S Recovery (MEA, Gas Desulfurization}
700 LPG Recovery
800 Sulfur Recovery - Claus Process
900 Vacuum Distillation
1000 Asphalt Blowing
1100 Propane De-asphaiting
1200 Furfural Extraction
1300 Solvent Dewaxing
1400 Lube Oil Hydrofinishing
Waste Treating Unit
Water Treating Unit

Crude Unit 100, Vacuum Unit 900, Gas Oil Hydrotreater 500, and the power plant were .

reviewed in detail. The operational observations for these units are presented in this report.
The other units were reviewed briefly and, aithough not discussed in Section C, some
portions of the facilities are mentioned in this report. The energy consumption data in
Section B, for example, includes information for units itemized above.

The original refinery design was based on processing the following crudes with an on-
stream factor of 328 stream days per year.
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TABLE A.1. - CRUDE SUPPLY

Location Quantity
{tonnes/year;
S R W A, TR
Kuwait 1 340 000
Zakum 3820 000
Total 3 160 000

Currently, a 70/30 mix of light lranian and low sulfur Statfjord (Norwegian North Sea
Crude} is used and is satisfactory for both lube oit production and for controlling the suifur
content of the crude charge to the refinery at a maximum of 2.0 weight percent. The
maximum throughput rate for this blend, at a 42 weight percent residual fuel make, is
approximately 375 tonnes per hour which is equivalent 10 2 952 000 tonnes per vear.
Recent operations {1990) included a throughput of 2 130 000 tonnes per year indicating
a 72 per cent operational rate. This reflects a declining demand, as reported by the
refinery staff, due to competition from lower priced western imports.

The refinery is principally based upon air cooling and electric motor drives. A
supplementary cooling system for lower temperature services and trim cooling 'is also
provided. The Di-Me Dewaxing propane refrigeration power is supplied by a back pressure
steam turbine with the low pressure steam being utilized within the unit for solvent
evaporation and heat tracing.

An important aspect of energy savings in the refinery design is that all heaters in each of
the two trains of fuels and lube units are connected to the 120 meter high flue gas stack
via breaching through waste heat boilers utilizing induced draft fans.

Crude Unit 100, Vacuum Unit 900, and the Gas Oil Hydrotreating Unit 500 were selected
for further evaluation, and the results of these studies are described in Section C.

TYPES OF ENERGY IMPROVEMENT OPPORTUNITIES

Energy improvement opportunities are presented individually in Section J. The opportunities
are categorized according tc magnitude and projected time of achievernent and are
summarized as follows:

° Reduce product/feed losses by recovering flare gas, installing a crude oil custody
transfer system, minimizing tank farm and inter-unit transfer losses, and
establishing a committee responsible for hydrocarbon losses.
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. Provide training in business management, capital budgeting, and project
justification, and provide the opetations staff with training and exposure to courses
in refining operations.

s Provide access to a refinery/chemical engineering process simulation program, a
linear prcgramming model for optimizing refinery operations, and an
inventory/maintenance historical database system.

® Reduce motive power losses through impelier trimming and/or consider the use of
power recovery turbines in high pressure drop liquid let down service.

. Reduce system heat or steam usage through improved insulation and heater
refractory; reduce process stripping steam, minimize heat exchanger fouling;
change steam ejectors to vacuum pump; replace or improve soot blowers; and
consider the installation of a hot oi loop in furfural and PDA units.

° Increase production through improved on-stream time by reducing corrosion
downtime problems.

. Investigate means to improve fractionation through better tray design or application
and consider the use of a crude unit pre-flash tower.

. Consider the addition of a visbreaker for vacuum residue and evaluate converting
the Ultraformer when retired to pentane/hexane/isomerization service.

6. TYPES OF ENVIRONMENTAL IMPROVEMENT OPPORTUNITIES

Environmental improvement opportunities are presented individually in Section K. They
include:

e conversion to low nitrogen oxide burners
. installation of flue gas analyzers

° installation of emissions monitors

° study losses of volatile organics

. provide training through seminars on current Western environmental practices.
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Section B

REFINERY ENERGY BALANCE

OPERATING UNIT ENERGY USE

To properly undertake an appraisal of the reiative energy efficiency of the Gdansk Refinery
operations, an effective measure of the performance of typicai US refining units was
essential. The performance criteria refiects the improvement occasioned by the energy
savings programs of recent years. Two published references describe energy
consumptions in the US refining industry. The results are based upon surveys and energy
audits conducted through the ==z 980s by which time the US refining industry had -
recorded energy utilization improveme 1ts of about 25 percent from the time of the oil crisis-
in 1872. Progress in energy =fficiency. still continues but at a reduced rate of 1 to 2
percent per y=ar.

Naturally, the US statistics on refiren uni: energy demands were presented in the English
system of measurement and voiuie terms (e.g. BTU/standard US barrel of feed). By

. convention, European refiners prefer the metric system of measurement and mass terms

{e.g. kcal/metric tonne). Consequently, a reasonable conversion to European practice was
made by providing typical APl gravity values for unit feedstocks. Furthermore, suitable
conversions to basic fuel oif equivalence in kilocalories were made for electric power,
steam generation or consumption, and cooling water circulation rates. In this manner. a
table of Refinery Unit Energy Demand criteria was established and used in the assessments
of the Polish refiners energy efficiency and performance. These energy demand criteria are
presented in Appendix E.

The Gdansk Refinery records all utilities consumption by unit on a monthly basis, which are
summarized both quarterly and annually. Similarly, the total feed processed through each
unit is documented, thus permitting the specific utilities consumption for each unit to be
calculated and compared with the projected design rates. The operating management
utilized these statistics as a useful guide to unit energy performance and as a2 measure of
the energy economies achieved in terms of fuel, steam, power, and cooling water
consumption.

Furthermore, a consolidated annual energy balance is produced in which all utility flows are
converted to Gigajoules (GJ} including the off-sites and powerhouse activities.
Unfortunately, this summary fails to include the high pressure steam production as well as
the electrical power generation or import so that it is impossible, with the information
provided, to effect a complete heat or energy closure for the whole refinery. Nevertheless,
full information is provided for the process operations, including the listing of steam’
production from the process waste heat boilers.
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The plant is mainly air-cooled with a supplementary trim cooling water system, and :

therefore it is not practical 10 measure the total heat rejection from the refinery as a whole
to independently back-check the degree of heat utilization. Similarly, this applies te the lube - -

plant tempered water system which is also air-cooled. Within the limitations noted the
energy information is weli presented and accurate.

Due to extensive air cooling, a refinery heat balance closure would not be feasible except .
through the use of an extensive indirect procedure of measuring. and calculating the -
enthaipy changes in all the relevant process streams. Only under performance test run
conditions for individual units could such a program be considered practical.

A compilation of the utilities consumption for each of the refinery units converted to "total |
energy demand” was made and compared directly with typical US practice. The results are-.
shown in Table B.1.1.

The refinery fueis and lube operations in combination appear to be nearly equivalent to
competitive Western practice, although trailing in energy efficiency by approximately 3

percent. Some individual units show more serious  deficiencies, which was also well -

appreciated by the Gdansk operating staff. For example, the atmospheric distillation tower
preheat train arrangement has already been improved but still includes at least one
questionable service, so it is not surprising that there is a clear indication that some degree
of energy improvement should be possible. Further nete that the Atmospheric Distillation
Unit aiso includes the Kerosene Merox Operation and that some extent of energy :
deficiency must be attributed to the present rather low (72%) operating rate. -

The Ultraformer indicates a similar deficiency, but pianning is aiready progressmg on anew
Continuous Catalytic Reforming Unit (UOP CCR). :

The gas oil hydrotreater appears to be quite efficient, which is very likely due to chargihg' )
hot feed to the unit. Additional improvements. for this unit are in the planning stages:

in the lube section, only the Di-Me dewaxer shows a considerably higher energy demand
than US values. This could be due to the high steam load to the refrigeration compressor,
but the exhaust low pressure steam is also utilized for solvent evaporation which should

be highly efficient. The other feature may be the intrinsic differences between the Di-Me -

and MEK-Toluene processing schemes. An additicnal factor is the quality of the crude oil
stock being processed and, perhaps, the lower pour point leveis of the finished lube stocks
requiring higher refrigeration loads.
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Section B

In another area of refinery operations, a significant element to refinery energy efficiency
is associated with material loss control. An accepted goal of good refinery practice in the
US is to contain losses to within the region of 0.5 weight percent. This figure represents
unavoidable or unrecoverable losses sustained through process unit upsets, start-up or
shutdown flarings, leakage or spillage, "fugitive®” emissions from tankage or vents, etc. The
refinery operations are aimed at keeping all losses to a bare minimum consistent with the
design and condition of equipment.

The comprehensive total energy consumption tables for the Gdansk refinery during the
years 1989 and 1990 lists unit feed rates but unfortunately does not indicate the
caiculated loss rate for the overall refinery operation. However, loss figures were provided -
for the operation of several major units including the Crude Distillation Unit which recorded
loss rates which varied from 0.91 to 1.68 weight percent between 15 January and 30
March, 1981, The Ultraformer mass balance data showed a loss of 0.86 weight percent,
This information indicates that important improvements in loss control shouid be possible
at Gdansk with closer attention and greater vigilance in operating practice. Of course, it
Is also possible that mass balance accounting could be in error because of the lack of -
suitably calibrated instrumentation. If proved, these losses represent a significant
opportunity for energy recovery as well as a direct financial loss. For exampie, if the crude
unit loss could be reduced from an average of 1.25 weight percent down to a more
acceptable level of 0.5 weight percent, a recovery of 22 500 tonnes per year of
hydrocarbons will result, which is worth about $2 500 000 when valued as fuel oil. DMC
recommends undertaking an in-depth review of the refinery mass accounting system with
the correction of any deficiencies that may be found. :
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TABLE B.1.1. - ENERGY EFFICIENCY COMPARISON
Gdansk Refinery Operations 1990 Compared with Typical US Operations

No. Unit 1990 Specific Energy Demands Total Total Total Us UsS Total
72% per tonne Energy Energy | Energy Specific Enargy
Operating Demand Demand Demand Energy Demand
Capacity Fuel Steam Elec cw {kcal/tonne) | (Gkcalfyr) (%) Demand (Gkcal/yr)
tonnes/yr tkeai) (k) (kWh (m") : ' Akcalfyr)
_ _ FUELS PLANT {1890}

100 ATM Dist 2127810 152624 40.2 5.0 . 0.4 193092 41G.9 20.2 175000 372.4
w 200 Naphtha 5654884 178897 4.8 12.6 1.3 213296 1184 5.8 200000 111.0
£ H'treat ' :

300 Kero Merox 68865 0 0.0 0.0 0.0 0 0.0 0.0 10000 0.7

400 Ultraformer 337974 | 656832 £21.2 7.8 5.7 1043830 362.8 17.3 950000 I

600 Gas QOil 421162 130889 3.1 2.4 1.4 139761 58.9 2.9 215000 20.5

H'treater

600 H.S 3066 0 3485 55.98 . 0.0 | 2573572 7.9 04 3650000 11.2

_ Recovery . - 1 e _ _ :

700 LPG 45593 4 250.8 44,4 17.1 292380 13.3 0.7 165000 7.5

Recovery _ ' : : _ _
800 | Sulfur Plant 3055 32800 -1075 11.9 35,0 -670140 20 0.1 -1000000 -3.1
Fuel Blend'g | 1419296 0 | 34.2 1.8 0 28263 40.1 2.0 20000 28.4
Total Fuels 4981683 ' : : 200760 . 1000.1 49.% - 188623 939.7
% of Crude Run @ 9884000 kcal/tonne (FOE} ' 1 . { 438 }+ 1 N 4.47

o
o
g,
o
b
m
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TABLE B.1.1, - ENERGY EFFICIENCY COMPARISON - continued
Gdansk Refinery Operations 1990 Compared with Typical US Operations

Specific Energy Demands

ot et

Areq|£3

No. Unit 1290 Total Total Total : L
72% per tonne Energy Energy Energy Gstirihne o
Operating _ Demand Demand Demand Energy Lremaind
Capacity Fuel Steam Elec Ccw {kcal/tonne) | (Gkcaliyr) (%) Dermand {Gkeal/yr)
tonnes/yr {kcal) {ka) {kWh) (m? {kcallyr)
LUBE OPERATIONS
900 Vac Dist 907340 121574 137.7 6.9 9.7 240210 218.0 10.7 260000 226.8
1000 Asphalt 81360 90166 86.6 17.0 0.0 191478 156.6 0.8 100000 8.1
{est) ' '
1100 PDA 127479 298560 147.0 31.6 9.5 483000 81.6 3.0 750000 96.6
1200 Furfural 4561094 281480 134.8 3.1 8.0 388134 1761 8.6 525000 236.8
1300 Dewaxing 284998 0 1,693.7 35.1 . 19.4 1211624 346.3 17.0 950000 270.7
1400 H'Finishing 196608 31080 141.0 4.0 111 1456884 28.6 1.4 200000 39.1
Lube 195508 0 0.0 0.0 0.0 35400 8.9 . 0.3 20000 3.9
Blend‘g
Total Lubes 2243287 379315 860.9 41.8 392801 881.2
% of Crude Run @ 9884000 kcal/tonrie (FOE) 4,05 4.19
Waste Water Treatment 10.0 0.6 10.0
Misc. Services 175.5 8.6 150.0
Complete Refinery Operations 2036.5 100.0 1980.8
% of Crude Run @ 9884000 kcal/tonne (FOE} 9.68 . 9.42
580990.9

_Energy Req’t - Btu/BBL Crude Feed @ 6000000 Btu/BBL. (FOE]

6566108

g uoiinaeg
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2.1.

Section B.

FUEL SYSTEM

Fuel Sources

The Gdansk Refinery uses residual bottoms from the atmospheric and vacuum towers for - .
fuel. This fuel is blended with treated gas oil or diesel when the sulfur content is so high " :
that the flue gas would exceed 0.15 volume percent sulfur dioxide. Fuel gas is supphed 0
various using sites within the refinery. All fuel is processed from the crude supphed tothe .

refinery. The fuel oil used in the refinery is equivalent to approximately 9 percent of the
crude oil feedstock Table B.2. ‘l 1. contasns selected fuel properties. . :

TABLE B.2.1.1. - PROPEBTIES OF REFINERY FUELS

Refinery
Fuel

Fuel Gas

' Héating

Value

51.18

Sulfur
{(wt%)

Viscosity
cs@80°

Flash
" Point

-Ash |
Max

! | {GJ/tonne) ~C Min °C { wt% -

Fue! Oil

412

3.0

122

110

0.2

2.2.

Fuel Distribution

. The liguid fuel is heated after blending and pumped to the user unit in :nsulated lines.

Gaseous fuel is scrubbed and piped to the user units. The fuel gas system is steam traced
and provided with a local fiquid knockout drum. Table B.2.2.1.
distribution system within the refinery.

illusirates the fuel : '
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TABLE B.2.2.1. - REFINERY FUEL DISTRIBUTION SYSTEM

Unit Unit Description Connection to
Number Fuel Ol | Fuel Gas
100 Atmospheric Distillation X X
200 Light Distillate HDS X X
400 Catalytic Reforming X X
500 Gas Oil HDS X X
80C Ciaus Unit - X
900 Vacuum Distillation X X
1000 Bitumen Biowing & Blending X X
1100 . Propane Deasbhalting | X X
1200 Furfural Extraction X X
1400 | Lube Oil Hydrofinishing X X
3500 Flare — X
3700 Fuel Oil Biending for X
- Power Station & Process
Units

- Waste Water Treatment - X

- ~ Power Station X X

—- Laboratory - X

2.3. Fuel Users

Power House

Section B

The power boilers use pressure atomizing liquid nozzles. The firing rate is controited by the
fuel pressure at the nozzie. No steam is used to aid atomization.
One power boiler is used on stream while a standby boiler is kept ready by steam heating
so that it may immediately be placad into service i needed.

B-.
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Section B

Process Heaters
The process heaters use the same blended liquid fue! as does the power house.

Sludae incinerator

Fuel gas is burned in the fiuidized bed siudge incinerator at a usage rate of 400 Nm?/h. '

Sulfur Recovery Furnace

The Claus unit furnace uses fuel gas in varying amounts to oxidize the hydrogen sulfide.
Highly concentated hydrogen sulfide requires less fuel gas.

Rotary Kiin

As of June 1991, the Gdansk Refinery has a rotary kiln under construction. This kiin will
process the hydrocarbon contaminated soil found in abandoned settiing ponds of the waste -
treatment unit. The kiln will be fired using fuel gas. .
STEAM SYSTEM
Steam Generation
High pressure steam at 7.5 MPa is supplied by two boilers in tandem delivering 40 to 160
tonnes per hour depending upon demand with a third boiler in reserve. In addition, steam
at lower pressures is recovered from process steam generators and flue gas waste heat
boiler; -~ the process area of the plant.
Steam Levels
The steamn pressure levels utilized in the Gdansk Refinery are:

7.5 MPa for high pressure turbine generator

2.0 MPa for process turbine drives and heating
0.6 MPa for process heating, stripping, and utilities

B-8
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4.1.

4.2,

Section B -

Steam Users
The high pressure steam is used for electric generation. The lower pressure ievels are used
for turbine drives, process heating and stripping and utility services as noted above. It was

stated that condensate return to the power house averaged 40 percent of the refinery.
steam usage.

ELECTRIC POWER SYSTEM

Electricity Sources and Generation
The refinery is fed with electric power from two sources:

* national power system
* refinery central heating station.

The central heating station is equipped with two turbogenerators (made in France) that |

drive generators rated at 6 kV, 18.8 MVA each. A tabulation is inciuded in Appendix F
showing the distribution of purchased and plant generated electricai power.
Electric Distribution System

The electrical system at Gdansk Refinery is very stable and reliable. During the past two
years, the refinery has not experienced a power outage.

The power supplied to the Gdansk Refinery is from the national power system by the Utility -

Power Company. Power comes from three independent feeders at 110 kV on overhead
lines: Port, Blonie 1, and Blonie 2. Each 110 kV overhead line is suitable to feed two
transformers at any time. Two lines provide power, the third is spare. Switching system
is at 110 kV and can feed any transformer from any of the three lines.

Three main transformers rated 20 MVA, 110 kV primary and 6 kV secondary provide
medium voltage to Gdansk Refinery for 6 kV drives and power distribution to 31 local
substations. Two main transformers are always in operation, the third is a spare. The
operating transformers are working at 50% load. One transformer at 100% load can feed
the Gdansk Refinery. The spare transformer is de-energized. Once a month, for period of
24 hours, the spare transformer is energized for tests.

B-9




4.3.

Section B

For power factor correction, two capacitor banks, at 900 KVAr each, are employed on the

6 kV system. The capacitor banks are connected to the system only when local
generators {(G1 and G2) are not in operation. At the level of 380 VAC, a system total of
5 040 KVAr (capacitors) are employed for power factor correction (capacitor banks are
from 60 KVAr to 240 KVAr). As observed on 11 June 1991 at 11:45 am, the average

power factor was 0.92. The refinery is not paying the Utility Power Company a iow power’

penaity fee.

The central grid grounding system, with a resistance of less than 5 ohms (Polish code =

required maximum is 5 ohms), is checked every six years. The lightning system is checked
every year during February and March and repairs are completed by 15 April which is
typically the beginning of the lightning season in Poland.

Equipment, devices, and instruments are well maintained and in very good condition.
Secordary protection instruments and small compressors, which operate the vacuum
switches, are of non-domestic manufacture (BBC, Brown Boveri, Landis and Gyr). All other
equipment and devices are domestic (Polish).

Electric Power Users

Power at the 6 kV level is distributed between the main substation GPZ-6kV and unit -

substations as listed:

Unit

Substation Unit/Facility Served

S1-6kv Distilfation ATM/VAC, Merox & Naphtha HDS

52-6kV Reforming, gas oil HDS, hydrogen suifide Rec, LPG recovery
Claus, suifur loading and lube cil hydrofinishing :

S3-6kv Propane deasphalting, furfural extraction, cool water system,
Di-Me

S4-6kV Crude TK farm, flare, ioading, slope pumps, LPG pumps

S5-6kV Waste water treatment and Gestra o

S6-6kV Water treatment (demineral condition), nitrogen and
Administration Building

S7-6kV Power plant

$8-6kV Product tanks

S9-6kV Water intake/Water supply to refinery

S10-6kv Asphalt blowing, intermediate tanks, product tanks, and
loading
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Ali feeders are three conductor, aluminum, underground (direct buried) and manufactured
in Poland. Al 56 transformers are 6kV to 0.4kV, between 400 KVA and 1600 KVA, are
oil-cooled, and made in Poland {Eita-Lodz). No leaking spots of oil were observed at the
transformers. Feeders to power distribution panels and motor control centers are
connected by aluminum bus, short runs, or aluminum cables. The power distribution
panels and motor control centers were manufactured in Poland. All of the above
rmentioned equipment was observed to be in good condition and well maintained.

All of the power feeders between the motor control centers and the motors are four
conductor aluminum cables, three phases plus ground. Feeder cables are routed in cable
trays.

Most of the motors, approximately 98%, were imported from Germany, England, France,
and ltaly. Only 2% of the motors were manufactured in Poland. All motors are single or
two speed with across the line starting. There are no variable speed type drives in the
plant. Most process drives are controlled locally {start/stop). Cthers are controiled both
locally and from the unit control rooms. All push button stations were manufactured in
Poland. The motors, equipment, and devices observed are suitable for their iocation
(NEMA classification) and are in good condition.

Lighting

Lighting leve! is adequate and per code requirements at the process areas, tank farms,
roads, and buildings. However, there is over design in a number of fixtures and some
fixtures are on continuously during the night. This situation could be improved by installing
additional local switches, then the operators could turn them on as required.

The majority of the lighting is incandescent. The remainder consists of mercury,
fluorescent, and low pressure sodium. The supply lighting voitage level is 220 VAC. Poor
lighting levels predominate in the process contro! rcoms and compressor rooms due to
burned-out fiucrescent tubes, missing tubes, and other malfunctions. Emergency lighting

in the power house operates at 2 220 VDC from two sets of batteries with 200 Ah-
capacity. Emergency lighting in the process areas operates at 110 VDC and is fed from

batteries with a 150 Ah capacity.
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Section B

Buildings and electrical rooms

Poor construction and/or material has led to cracks in buildings and leaking roofs, which
is evident at substation S1. Electrical rooms {substations, MCC) are not heated and are
onty ventilated by forced air {fans). Electrical rooms and cable tunnels are oversized with
a lot of unused space. All electrical rooms are clean, and spare equipment is weli kept and
organized. '

Further information on the electrical system can be found in F.3.8 and Appendix. D.

COOLING WATER SYSTEM

Water Source

The cooling water for the Gdansk Refinery is pumped from an intake located 9.3 kilometérs '

upstream from the salt water mouth of the Vistula River on the Motlawa River. The intake
reservoir's normal ievel Is approximately 20 centimeters above mean sea level. Any
unusualiy high tide in the Gdansk Bay presents an unwanted risk of intaking salt water.

The first stage pumps are located in a pumphouse with the suction lavel normally below
the intake level, but there are times when the river fiow is low and the bay tide is also low

so that the pumping prime must be established with vacuum pumps. This requires that the '

pump seals be capable of vacuum as well as pressure. The five intake pumps each have
a capacity of 1230 cubic meters per hour. The river water usage permit lirnits the intake
to the extent that only two pumps (2460 cubic meters per hour) are run simultaneously.

The first-stage pumps discharge to a holding reservoir with a capacity of 650 000 cubic
meters capacity. On 7 June 1931 the holding reservoir leve! was 1.5 meters below sea
level. :

The second szage pumps deliver the water to the refinery through two separate buried pipe
linzs running a distance of approximateiy 16 kilormeters. There are six main pumps, rated
at 576 cubic meters per hour each. Normal usage limits the fiow rate, by permit, to 478
cubic meters per hour. Emergency usage such as fire water supply allows full capacity of
both pipelines unti! the reservoir is dry.

B-12
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5.3.

Section B

Water Treating
Raw water is received in the powerhouse where it is treated in the follo wing order:

Decarbonization

Settiing tank

Lime, iron sulfate, and flocculent injection
Settling, sludge decanting, and skimming
Sand filter

The water out of the sand filters goes to the cooling tower and to further treating for boiler
feed water. The sludge is dehydrated and sold as agricuitural fertilizer. The boiler feed
water is demineralized, and ammonia is added prior to the boiler injection. The cooling
tower water is iniected with a corrosion inhibitor, and a chlorine biocide is used
periodicaliy.

Cooling Towers

The cooling tower structure is constructed of reinforced concrete and is composed of six
cells. The surface plates are plastic packing. There are no wood parts. Fastening parts
are carbon steel with a rustproof coating.

‘The five 470 kW pumps are each capable of 2 300 cubic meters per hour. Two pumps are
normally in service.

The induction fans, each rated at 130 kW, are fixed pitch and manualily set. The motors
are single speed and non reversing. For winter operation the fans are stopped and the hot
return water is directed to a distributor located beiow the structured packing. The quality
of the cooling water observed on 7 June 1991 was very good with no apparent
hydrocarbon inclusions.

There is the likelihcod that during most of the year more water than is actually necessary
Is circulated, as the operators seldom trim cooling water flows for changing conditions or
throughput capacities. However, it is also expected that any savings in adjusting cooling
water flows would prove to be quite marginal.

AIR COOLERS

The majority of air coolers were fitted with a manually adjustable blade pitch propeliers.
Consequently, there is the likelihood that at less than design throughput and air
temperatures, more fan horsepower would be expended than actually necessary to meet
process requirements. It is the plant’s practice to shut down fans as appropriate in multi-
fan units during favorable atmospheric temperatures or during rainstorms in order to
prevent process upsets, since air cooler efficiency increases greatly in the rain.
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6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

Section B

Crude Unit 100

Air fan units condense the overhead naphtha vapors which amounts to 25% of the feed.
The blade pitch is automatically adjusted by the temperature out controller. The fan unit
receives flow at 90 kPa gauge and 130 10 133°C.

Hydrotreater Unit 200

Air fan units are used similar to the application in the crude unit. The blade pitch is set

automaticaily. The cooier consists of four sections with belt driven fans. A high pressure
separator addition could eliminate this fan unit.

Stabilizer

An air fan unit cools and partially condenses LPG. Final cooling and condensation is
provided by a trim shell-and-tube heat exchanger using cooling water.

Gas Qil Hydrotreater Unit 500

A fan unit condenses the reactor outlet fiow at 240°C. Hydrogen gas is co-mingled with
the outlet flow. This unit could be eliminated with the installation of a low pressure steam
generator. See energy saving opportunities in Section J.

Vacuum Distillation Tower Unit 900

A fan unit is used in summer operation to coo! the top pump-around reflux stream. in the
winter the power plant raw water is heated for treatment from 5°C to 30°C. This heat
load also could be used to evaporate the propane in the deasphalting unit. Fan unit
900E12 A-D could be eliminated. See energy saving opportunities in Section J.
Propane Deasphalting

The heaters in the propane deaspbalting unit can be replaced by a hot oil pumparound-

system to evaporate the propane. See energy saving opportunities in Section J regarding
the use of a singie higher efficiency heater to replace muitipte smaller heating duties.
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6.7. Furfural Extraction Unit
Three air coolers are used to advantage where energy recovery would be difficuit. Unit
E12 has exhibited a tendency to foul. The pressure drop on this unit is logged carefuily.
The unit operator decides when to bypass the flow and install a spare tube assembly. The
heaters also could be replaced by a hot oil system.

6.8. Di-Me Dewaxing Unit

Air cooler unit 13-EA23 condenses the de-waxing solvent. Reievant exchanger process

data foliows:
Heat load 11 250 000 Kcal/hr
Dichloro-ethane/methyl chloride 16 800 kg/hr
Hydrocarbons 10 700 kg/hr
Inlet Temperature 130°C
Exit Temperature 50°C

The air cooler has insufficient surface for hot summer operation and has control difficulty
in winter operation. The unit is being considered for replacement by a shell-tube water
cooled condenser.

7. ENERGY RECOVERY SYSTEMS

7.7. Power Plant

Ljungstrom type air preheaters are used on all the boilers. The surface plates have
exhibited excess draft loss from corrosion caused by high sulfur content in the flue gas.

Soot blowers are installed in the power boilers. The blowers are not used because the air
preheaters draft loss would be increased by the soot trapped in the corroded plates.
Consequently the achievabie superheat temperature is deteriorating.

Feed water and condensate heat exchangers are used to enhance energy recovery. The
blowdown is exercised twice a day and is used to heat water in winter and heat boiler feed
in the summer.

The generating turbine drivers have extraction for medium pressure process steam and
exhaust into the low pressure process steam header.
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7.2

Section B

Fired Process Heaters

The process heaters are connected with insulated breechings that collect the fiue gas. The

waste heat recovery steam generator receives the flue gas from this system and exhausts
it to a common chimney. During June 1991, the waste heat boiler was not in service and .

was being repaired due to corrosion caused by the high sulfur content of the flue gas.
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2.1.

2.2,

2.3.

Section C

REFINERY FLEXIBILITY

OVERVIEW

The overall refinery and its potential for alternate modes of operation were reviewed. Three

process units -- Crude Unit No. 100, Vacuum Unit No. 900, and Gas Oil Hydrotreating Unit

No. 500 -- were chosen for a separate energy savings study. The flexibility of the refinery -

in general and the three process units in particular are presented in this section.

CRUDE UNIT NO. 100
Process Flow Diagram

The process flow diagram is shown in Figure 2.

Feedstock

The crude unit currentiy runs 70/30 Light !ranian/Statfjofd biend crude at about a
70 percent capacity level based upon the design vapor loading of the tower. Any future
selections of crude feed will be restricted by the necessity 1o control the sulfur content for

environmental reasons and the clear necessity to control vacuum distillate quality level,

essential for successful lube oil production. Crude properties are shown in: the
Characterization Report which is part of Appendix A in this document. o

Unit Flexibility

The refinery was originally designed to operate at 328 stream-days per year and process
3 160 000 tonnes per year of a 60/40 weight percent split of Zakum/Kuwait crudes. The
current charge of a 70/30 weight percent light lranian/low sulfur Statfjord crude oil is
reported to result in @ medium throughput rate of 2 952 000 tonnes per year. Operations
in 1990 were at 2 130 000 tonnes per year or a 72% operational factor..

There is no apparent difficuity in operational flexibility consistent with maximum vapor

loading criteria as the crude tower is equipped with vaive trays. This permits operating
ievels as low as 30 to 40 percent but at rapidly decreasing specific energy efficiencies.
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2.4,

2.5.

2.6.

2.7.

Section C

Operational Sensitivity

The total output of this refinery is devoted to fuels and lube products. None of the

intermediate or final product streams are diverted to petrochemical operations. Variation
in'crude composition must be consistent with the design criteria and equipment capacity
limitations for the atmospheric bottoms based on Kuwait crude and the distillate fractions
based upon Zakum crude.

‘Product Specifications

The IBP/heavy gasoline fraction is rerun and split following hydrotreating. The gas-oil

streams are . blended into diesel oil products. Consequently, the only -s:gnificant

specifications to be met and controlled at the crude unit are the kerosene/light gas oil flash
point, the boiling ranges of kerosene and light/heavy gas oils, and the color/pour point of
the heavy gas oil. In addition, an important operating parameter is the viscosity of the
atmospheric bottoms which is used as a guide for producing satisfactory lube fractions.

Unit Yields
UNIT YIELDS
70/30 wt% Light Iranian/Statfjord Feed
Description _Wt%
Refinery Gas 0.2
iBP - Heavy Gasoline 25.0
Kerosene 4.0
Light Gas Oil 17.0
Heavy Gas Qil 12.0
Atmospheric Bottoms 417.0
Loss ' _0.8
TOTAL 100.0

Unit Modification Potential

The iBP-heavy gasoline fraction is hydrotreated and then fractionated for LPG

recovery, reformer feed, and a small heavy gasoline bottormns stream. This
approach simplifies the process scheme for the removal and controf of sulfur
compounds in the light ends. However, it does entail revaporizing essentially the
full atmospheric tower overhead fraction, thus incurring an additional energy
burden. A potential savings could resuit if a closer cut could be made and the
heavy gasoline avoided. However, the injection of nitrogen containing corrosion:
inhibitor, which is a platinum reforming catalyst poison, would have to be
reconsidered.
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Section C

In addition, it appears that a more effective spliit and degree of over-flash between_f L

the atmospheric and vacuum tower operations could be found, since the.
atmospheric heater outlet temperature is 10-15°C lower than the Kuwait design.

figure of 360°C. A detailed engineering study of these points wouid be useful.. - :

Desalting water from the vacuum tower jet hot well is injected into the crude umt'?

feed at 3 to 5 weight percent. Electric desalting is carried out with added-?

Petrolite demulsifiers at a rather low 110-120°C. A 1.0 percent reduction in the®
desalting water rate would improve the desalting temperature by approximately '

1.5°C, which is equivalent to approximately 250 000 kcai/h resultmg ina savmgs o

of about 200 tonnes of fuel oil per year.

The crude preheat train should be re-examined by expert "Pinch” technoiogy§
analysis to determine if a more efficient exchanger arrangement - would  be:
economically feasible. A locally conducted "Pinch™ study has aiready been carried -
out with inconciusive results. However, as the crude unit is the major refinery |
energy consumer (20.2 percent), there could be significant opportunities for
improvement. The refinery already has made savings by a partial heat recovery .
from the tower overhead stream. Additional possibilities are likely to exist to

increase preheat and provide a higher temperature to the heater w:th resuitant o

fuel oil savmgs

" The "Pinch" analysss also could be extended to review the opportunrt:es offered '

by installing a preflash tower to remove the light ends and reformer feed

fractions.

Although the vacuum unit is focated at some distance (approximately 300 meters
frorn the crude unit), the technical and economic feasibility and- justrf:cataon of

recovering heat, which is now rejected to the ccoling water by the vacuum gas’

oil fractions should be closely examined in light of present and future energy

cosis.

' The heat exchanger preheat train fouhng trends shouId be more closely momtored

particularly with the TDC-3000 contro} system now fully: commrsssoned This
offers the potential for optimizing cleaning schedules for energy savmg:-f'

economies.

The crude feed booster pump, P-1, head can be considered excessive, sznce the

control valve pressure drop to the heater, F-1, approximates 0.7 MPa at 72

percent operating capacity. Pump impeller trimming could be a simple expedient,

although retrofitting the electronic frequency/variable speed control to the motor

should be considered.
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2.8.

2.9.

Section C

The atmospheric bottoms stripping steam rate of 2.5 weight percent appears
excessive. A simulation study in conjunction with the heater overflash: and
required product qualities might allow a reduction in steam usage t0 a more -
efficient 1.5 to 2.0 vreight percent. Savings would be projected at about 1.7
tonnes of stearn per hour. :

The refinery is genzrally arranged on spacious plot plans. The plot layout: wili
permit comfortable access for safe construction under tight supervision during
normal operations. The downtime for required inter-connections could be
minimized and completed during a normaliy scheduled turn-arcund period.: For
exampie, if the installation of additional heat exchangers or prefiash tower is
shown to be technically and economically viable, few difficulties should exist for
any reasonable expansion. '

Capacity Increase Potential

The potential for increasing the crude tower throughput exists through the device
of changing from valve trays to structured packings &t the limiting region(s) of
vapor/liquid traffic in the tower. However, operating and engineering studies
would be required to closely pinpoint these bottlenecks for the. existing crude
blend and for a range of potential future crude selections. '

The practical capacity increase to be achieved by this method could be expected
to be limited to about 120 percent of the original flooding rate for the tower. In
this regard, it is inherently assumed that an improved preheat train wold have
provisions for sufficient heat savings sc that the heater design duty would not be
exceeded at a 120 percent throughput rate. It is further assumed that the pumps
are not fitted with the maximum impeller size so the 40 percent increase in
equipment pressure drop could be accommodated and not exceed the motor
power rating. :

Operating Practices

The operators are to be congratulated for maintaining the fired heater flue gas

oxygen content within a region of 3 to 5 volume percent with fuel oi firing.
Manual adjustments are based on periodic readings with a Kent analyzer.

Atomizing steam at the burners has been reduced from an original 0.6 kilogram
steam to a current 0.2 to 0.3 kilogram steam per kilogram fuel oil. However,
improved and more efficient burners would be welcomed, particularly of the low
nitrogen oxide type.




2.10.

3.1.

3.2

3.3.

Section C

A difficult problem to resoive in energy saving terms is the present inefficiency -

of the steam soot blowers in the heater convection/superheater banks. These
banks are washed down and cleaned during the bi-annual turn-around period.

Another energy saving modification for which the operators are to be cdmmended -
is the recovery of the crude tower overhead flash gas under pressure icontroi 1o .
special iow pressure heater burners. inthe original design, these flash gases were -

routed to the ﬂare_.
Replacement/Shutdown Observations

At this time there is no reason to consider replacement or sFutdown of this unit.

VACUUM UNIT NO. 900
Process Flow Diagram

The process flow diagram for this unit is shown in Figure 3.

Feedstock

The vacuum unit normally receives feed directly from the crude unit at about

100°C foliowing heat exchange. In the event of upsets or abnormal variations

in quality, feed can be received directly from storage with a steady compgosition -

and at a similar temperature. The design capacity rating is as follows:

Kuwait 44 wt% vaporization 460 tonnes/hr
Zakum 62 wt% vaporization 370 tonne_s‘lhr

Running the current 70/30 Light iranian and Statfjord blend at 58 weight percent

vaporization was stated to have a probable throughput rating of 375 tonnes. per
hour. A throughout rating of 395 tonnes per hour shouid be possible.

Unit Flexibility

As with the crude tower, acceptable operations should be experienced consistent
with the vapor loadings cited above in Section C.3.2. as long as the vacuum
residue flow does not exceed the Kuwait design figure of about 115 tonnes per
hour. The nine meter diameter vacuum tower is equipped with 28 two-pass
bubble cap trays. There are problems with fractionation efficiency. Possible
causes of the uneven vapor distribution and liquid overfiow in the risers include

C-6
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3.4,

3.5.

Section C

excessive tray leakage or high hydrauiic gradients across the trays. Although four-

pass trays should have been specified, a thorough tray design analysis is required

to determine the exact cause. Meanwhile, the refinery plans to replace some trays .
with structured packing to observe any resultant operational changes. Improved _
fractionation performance would permit the possibie elimination of some trays. -

allowing a higher vacuum level and some steam saving at the vacuum jets.

Operational Sensitivity

Within the design capacity ranges cited in Section C.3.3., no problems are
expected. As with all vacuum heaters, a peak temperature is reached in the

heater coil dependent upon the degree of vaporization, the pressure drop, and the

point and rate of steam injection. Furthermore, lubricating oil stocks are sensitive
to the peak temperature level where incipient cracking ‘can cause quality

degradation and Gdansk operations are near the accepted maximum. Therefore, .

care must be exercised when throughput rates approach or exceed the design
capacity of the unit.

Other major variables, such as the atmospheric cut point of the feed and side
stream pump around rates, are subject to overall refinery opfimization techniques
consistent with achieving the vacuum gas oil qualities for the required lube oil
operations and satisfactory base stock specifications.

Product Specifications

SR Ty P T T

The. significani variable in the vacuum tower side steam product specifications for

lube oit production is in maintaining the proper viscosity levels, which, in tum, are
dependent upon the feed stock source. Since this is a sensitive parameter, a

viscosity anatyzer is helpful. Another important property is the color level of the o

lowest side stream, since this is very sensitive to any asphaltene entrainment
caused by poor tray or demisting pad performance or by inadequate reflux levels
below the draw off tray for washing the flash zone vapors. Table C.3.5.1.

illustrates vacuum unit product characteristics as a function of varying crude feed -

composition.
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Section C

TABLE C.3.5.1. - TYPICAL PROPERTIES OF VACUUM DISTILLATION PRODUCTS

l Feedstock Blending Proportions - wt%
lranian Light 53% 80% | 74% | 70% 68%
Osberg 20% 20% | 20% - 2%
German 27% --- 6% — -
Statfjord -e- —— - ¢ 30% 30%
%
Vacuum Gas Ol
viscosity CS at 100°C 2.72 2.81 2.85 ] 2.65 2.73
flash point °C - 162 - 152 154
Vacuum Light Distillate
viscosity CS at 100°C 5.29 548 | 5.56| 5.41 5.43
flash point °C 213 205 202 208 214
coke, wt% --- - -~ 1 0.00} 0.021
distillation : 7
5% °C 365 384 395 375
50% °C 407 427 440 368 408
95% °C 487 497 496 415 473
474
Vacuum Heavy Distillate
viscosity CS at 100°C 13.60 14.00 1451 13.9{ 13.73
flash point °C 257 asg g g 264
coke, wt% 0.31 0.36 252 260 o
distillation 0.35{ 0.25
5% °C 409 435 _ 418
50% °C 468 484 422 405 469
95% °C 548 635 466 458 557
585 548
Vacuum Residue
penetration 275 - 230 360 330
c-9




Section C

Unit Yields

Tabie C.3.6.1. illustrate variations in vacuum product yield as a function of crude
feedstock compositions.

TABLE C.3.6.1. - TYPICAL VACUUM UNIT YIELD

Crude Feed Weight Percent of Crude
Iranian Light sa|] 70| 8| 74f 70| s
Oseberg 20 5 20 20 - 2
German 27 - - 6 - -
Statfjord - 25 - - 30 30

Products Product Yield as Wt% of Crude Feed

Atm. Residue (feed) {43.26 {37.02 [40.54 |39.22 [39.10 [|40.16
Vacuum Gas Oil 3.14 | 249 | 287 ; 2.43 | 2.48 | 2.68
Vacuum tt. Distillate 7.93 6.81 7.17 6.62 | 6.88 | 7.91
Vacuum Hvy. 12.33 [10.27 |11.17 |10.56 |10.73 |11.62
Distillate
Siep 6.61 0 0 0 0 0
Vacuum Residue 27.36 [17.3 [19.19 |19.46 [18.65 |17.79

The light vacuum gas oil cut is normally sent to the gas oil hydrotreater for -
desulfurization and blending into the diese! oil poo!, although a small quantity may
be extracted and dewaxed for specialty lube oil applications. Also, in the winter,
this stream may be dewaxed for specially low pour point diesel oil specifications.

A portion of the vacuum residue serves as feed to the propane deasphalting (PDA)
unit, another portion is sent to asphalt blowing for bitumen production based upon
sales requirements. The remaining quantity is delivered to fuel oil biending for
internal refinery and power house needs or for external sales.

C-10
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3.7.

Section C

It has been noted that the atmospheric bottoms are fully heat exchanged with
incoming crude feed instead of being sent hot to the vacuum tower heater. This
occurs since the crude unit was commissioned with the remaining fuel units in
advance of the construction of the vacuum tower and lube processing units. Due
to this historical development, the vacuum tower was equipped with its own
preheat train instead of being arranged as an integrated combination
crude/vacuum unit. Although this approach involved considerable expense, as
additional heat exchanger surface and pumping power are needed, it possesses
an advantage in terms of flexibility and independence of operations. Also, as
previousty mentioned, the quality of the vacuum distillate fractions is more readily
controlled when divorced from variations in crude tower operations.

Unit Modification Potentiai

Opportunities observed for potential energy savings are listed below for further
review or implementation.

The vacuum unit feed pump (P.1) head, similar to the crude feed pump,
necessitates an excessive control valve pressure drop of over 0.6 MPa. Here aiso
it is proposed either to trim the impeller or to consider installation of 2 variable
frequency drive (VFD) for the motor. '

The stripping stearn rate to the vacuum tower bottoms at 4.3 weight percent
seems to be at least twice the expected normal amount in similar operations. It
is understood that the operations staff has aiready devoted. considerable efforts
to decreasing this stripping steam rate but the residue and deasphalted oil guatity
has suffered. Further simulation studies are suggested in conjunction with an
evaiuation of the degree of over flash and the bottoms pump around wash stream

together with a lower pump around through E-5 to determine if any excess of

heavy distillate is being rejected to the residue and then revaporized and recycled
by the high stripping steam rate.

The vacuum tower top pump around -circuit, operating at 125 tonnes per hour
from approximately 125 to 55°C, is currently air cooled. A portion of this waste
heat can be usefully employed to provide preheat for propane/deasphaited oil
evaporation in the adjacent propane deasphalting unit. A preliminary conservative
energy savings estimate based on sensible heat recovery only at the proposed
propane/deasphalted oil rates of 58/14 tonnes per hour at an inlet temperature of
64°C indicates a major savings of 3 500 000 kilocalories per hour. Gdansk is
presently working on this energy saving scheme.

C-11




3.8.

3.9.

Section C

The tempered water system (60 - 85°C) serving the lube train is currently air
cocled. The level of this waste heat rejection is quite sufficient to be useful in
raising the incoming raw water temperature up tc 25 - 27°C before treatment and
deionization during the winter and spring periods. Plans are advancing to
incorporate this energy saving arrangement in the near future.

The Gdansk refinery intends a major conversion from the multiple heater services
in the lube train propane deasphalting and furfural units to a hot oil system
employing a single high efficiency heater with low nitrogen oxide burners. The
energy improvement of this conversion is very difficuit to predict before more

thorough engineering studies are done because of the changes that will resuit to - -

the existing flue gas waste heat boiler steam output. However, a 5 percent
increase in heater efficiency would alone result in projected savings of about -

1 000 000 kilocalories per hour at the present operating levels.

The vacuum tower heater suffers from hot spots that are apparently due. to the
minimal thickness of its fire brick, which may also have been poorly applied.

DMC personnel provided advice and references regarding more modern refractory

materials and instailation techniques.

Capacity Increase Potential

Precisely the same comments made in respect to the crude tower in Section

C.2.8. also apply to any increase in throughput at the vacuum tower. However,
there is a question in respect to the hydraulic stability of the existing 2-pass
bubble cap trays that could lead to declining fractionation efficiency as the liquid
head on the trays increase at higher capacity.

Operating Practices

The excess oxygen at the vacuum unit heater is manually adjusted within the

range of 3 to0 5 volume percent with pericdic oxygen analyzer readings. The.

operators are to be commended for their diligence.

Atomizing steam at the bumners has been reduced from an original 0.6 kilogram
steam to a current 0.2 to 0.3 kilogram steam per kilogram fuel oif. However,
improved and more efficient burners would be welcomed, particularly of the low
nitrogen oxide type.

A difficult problem to resolve in energy saving terms is the present inefficiency =

of the steam soot blowers in the heater convecticn/superheater banks. These
banks are washed down and cleaned during the bi-annual tum-around period.
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3.10.

4.1.

4.2.

Section C

There is one area of concern, however, related to the energy economy program.
Currently, considerable downtime and maintenance expense is experienced due
to the effects of corrosicn in the flue gas waste heat boilers, and Ljungstrom air
preheaters at the power house.

For example, it was noted that the lube train flue gas waste heat boiler was
inoperative since June 1990 due to a complete overhaul and retubing expected
to be completed by September 1991. This represents a considerable recoverable
energy loss over an extended period but the investment cost effectiveness shouid
also be scrutinized for technical optimization balanced with economic
practicability.

Never-the-less, despite this energy loss, the Gdansk lube train energy demand
during 1990 was about 3.5 percent less than would be expected in similar US
operations. '

Replacement/Shutdown Observations

There is no need at this time to consider replacement or shutdown of this unit.

GAS OlL HYDROTREATER UNIT NO. 500
Process Flow Diagram

A process flow diagram for this unit is shown in Figure 4.

Feedstock

The light, heavy, and vacuum gas oils are normally received for processing
directly from the crude and vacuum units at 175°C for processing. Alternatively,

feed from tankage may be included.

The design capacity rating of the gas oil hydrotreater is 60 tonnes per hour and
a 70 tonnes per hour maximum throughput has been established. When charging
the currently selected light 70/30 blend of Light Iranian/Statfjord crudes at the
anticipated crude unit rate of 375 tonnes per hour, the light, heavy, and vacuum
gas oil fractions will total 35.5 weight percent on crude or 133.1 tonnes per hour,
This is 190 percent or nearly twice the installed desulfurization capacity.
Presently, at the reduced 72 percent operating capacity of the plant, some 96
tonnes per hour of gas oils are available for processing so that over 30 percent

C-13
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4.3.

4.4,

Section C

must be bypassed and back blended to specifications. Therefore, there is a
necessity for selecting a controlled lower suifur feedstock for effective operations
aside from the sulfur emissions environmental concerns derived from fuel oil
firing. An expanded gas oil hydrotreating capacity couid become imperative for
increased operating flexibility, for crude selections, and for product specificat_idns
in the future.

Unit Flexibility

As indicated, the capacity of the gas oil hydrotreater is iimited when processing'

light crude oil feeds, so that the unit must be operated near its hydraulic operating
limits for the reactor and other major equipment. Sufficient hydrogen rich gas is
available from the Ultraformer, so that once through hydrogen treating is
practiced at 70 percent sulfur conversion for these low sulfur stocks. However,
recycle compression is installed and available for emergency use.

Although diesel product specifications of 0.3 weight percent sulfur can still be
achieved even when bypassing a significant portion of the lighter gas oil blending
stocks, increased desulfurization capacity would be desirable, since sulfur levels
in fuels are expected to become more restrictive in the future. Also, a broader

selection of crude feed stocks could be possible and economically attractive with

targer hydrotreating facilities.

Operational Sensitivity

Desulfurization processes incorporate catalysts that are very robust and stabie

assuming an assured supply of hydrogen rich gas. Gdansk has replaced the
original catalyst with a Polish manufactured catalyst that is considered to be
equivalent in performance, and there is no reason to question this change.

The degree of desulfurization depends on the feed stock quality, reactor space

velocity, temperature, hydrogen partial pressure and contact rate with the.

hydrogen rich gas. With the exception of the space or velocity reactor volume
consideration, previously discussed in terms of capacity and flexibility, the
remaining factors are within convenient control of the operating staff for
achieving the required resuits without difficulty.

The associated stripping tower C-1 is provided with a fired reboiler in order to

provide direct control and adjustment of the product flash point and initial boiling
point specifications.

C-15
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4.5,

4.6.

4.7.

Section C

Product Specifications

The current degree of desulfurization from 0.65 weigh: percent in the gas oil feed
to 0.2 weight percent in the product stream, a 70 percent conversion, is adequate
for meeting the diesel pool blend specification of 0.3 weight percent. ‘It should

be noted however, that lower suifur crude feed stocks have been se!ected for the

Gdansk refinery operations.

Unit Yields
UNIT YIELDS
Description wt%
H.S 0.4%5
Otf Gas/Gasoline 0.70

Hydrotreated Gas Oil Prod. 98.85

TOTAL 100.00

Unit Maodification Potential

Although only a small amount of hydrocracking occurs in the deslefuriz;ation

process, a considerabie amount of energy is required due to the heating of the o

reactor feed followed by cooling and condensation of the reaction products for

effective gas separation. Subsequently, the gas oils must be reheated at high

temperature leveis for stripping of the lighter components and the product cooled

once again to final storage temperature. This energy inefficiency cannot be_ :
avoided in a single fiash system as employed at Gdansk, but can be minimized bv-

conversion to a two-stage hot and cold flash arrangement.

The Gdansk staff proposes a novel approach to accomplish this conversion.

Preliminary calculations and investment cost studies at the Plock Research Center

indicate a six month pay back period, but this prediction cannot be venfned until. - =

the proper engineering studies are conducted.

Aside from the production of LP steam from the reactor effluent and bottoms -

stabilizer, a special feature of the scheme is the concept of utilizing the hot =~ .

separator flash gas from V-2 after cooling as motive gas through the jet, J-1, to

educt otherwise wasted light gases from the flare leader. Gdansk estimates

indicate some 400 cubic meters per hour resulting from equipment leakages via
safety valve seats could be recoverable. The hot iiquid condensate from V-2

would then pass to the stabilizer as feed without the further loss of energy by D '

further cooling.
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4.8.

4.9.

4.10.

Section C

A suggested alternative proposal is to investigate the possibility of introducing a
hydraulic turbine to depressure the stabiiizer feed stream over a 2.5 MPa pressure
drop.

The Gdansk staff is innovative and discussed the.possibility of ducting hot air
from air cooler air fins to the heaters. However, this was considered to be
impractica! both technically and economicaily.

Serious consideration should be given to creating an "economic” evaluation group -
able to utilize a financial model based on Polish accouniing methods and tax laws.
This group should be equipped with modem software for professionally exploring,
iZentifying, and implementing the most appropriate cost effective energy saving
schemes.

A further recommended extension to this suggestion would be the acquisition of
suitable PC mounted refinery linear program (LP) software for the commercial
optimization of the whole refinery operation. This tool could be used to undertake
optimized cut point evaluations and product biending requirements, and to explore
future feedstock acquisitions or the effects of changing feed or product pricing.

Capacity Increase Potentiai

The maximum throughput of this unit has already been established at 70 tonnes
per hour. Therefore, any expansion needs will have to be satisfied by the
installation of new capacity. If an expansion is necessary, it is believed that the
new Continuous Catalytic Reforming Unit (CCR) will provide sufficient hydrogen
rich gas for satisfactory operations.

Operating Practices

The operators again were conscientious in maintaining lcw excess oxygen values
in the heater flue gases with reported efficiencies of 75% for these refatively
small fired duties.

Replacement/Shutdown Observations

As noted above under Section C.4.8 the possible replacement of the gas oil
hydrotreater may have to be considered if additiona! desulfurization capacity is

required. Linear Programming optimization studies would be the most helpful in
this analysis.
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5.3.

5.4.

5.5.

5.6.

Section C

PLANT LIMITATIONS

Unit Cépacities

Comments on the flexibility and the capacities of the units revaewed are contained -

in Sections C.1. through C.4. with the most notable comment being the capacuty SRR

iimitation of the Gas Qil Hydrotreater Unit No. 500.

‘Product Requirements

The refinery i |s able to meet all specifications for the products that are’ prescribed
" by the Polish standards. This is partly due tc the judicious selection of the feed .
crude biend of relatively low sutfur content to meet the allowable sulfur emission: s
permit. This element may prove to be restrictive to maximizing profitability in

future years and warrants thoughtful and timely forward planning.

Fue! System

With the exception of controlling the sulfur content of the fuel oil:to meet

emission standards no limitation in the fuel gas or fuel oil systems was reported. P

Steam System

No limitations noted.

Electric Power System

No limitations noted.

Tankage -

At maximum crude throughput, the refinery has 36 days of crude storage
available.
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Section C

Other Limitations

Currently the Gdansk Refinery does not use crude oil from the USSR. Crude oil

is pumped into the refinery’s receiving tanks either directly from tankers arriving-
at the Gdansk port, or from "PERN", a state owned company which has a tank:
farm of its own. It is not clear what measurements and procedures of crude’

transfer were in force between the tankers defivering the crude and "PERN* and

between "PERN" and the Gdansk Refinery. The general situation, however is.
clear: there are no custody transfer installations between "PERN" and the Gdansk ..
Refinery. However, each transfer of crude to the Gdansk Refinery is attended by
a representative of "PERN" who has his own portable instruments for determumng :
the level in the receiving tank, temperature and determines the amount of water -
in the crude. It was said that the accuracy of the transfer is within + 0.5% (U.S."
practice is = 0.1%) and thus far the Gdansk Refinery has not had any probiems

with transfer of the crude. However, considering ongoing changes in the
economic climate in Poland, it is suggested that the refinery should carefully
analyze the situation of its present custody transfer and ac counting. Needed to
be considered are the price of custody transfer equipment, s calibration, and
maintenance, the possible foss of hard currency due 30 inadequate accuracy of
measurements of incoming crude and likely increases in the price of crude.

A modern custody transfer installation is expensive. Depending on the requrred :

maximum flow of the measured crude, it should have several positive
displacement meters or turbine meters with the related. nipe runs and valving,
crude oil filtering and a sampling system with intermittent or on- -line monitoring
of bottoms, sludge and water in the crude and measurements of temperature and
densnty

Also, in order to calibrate flow meters on a reguiar basis, the custody transfer

‘installation would need either a stationary meter prover, or else be designed such

that a transportable meter prover would have access to all of the meters.
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Section D

HEAT CONSERVATION

1. HEAT TRANSFER PRACTICES

The Gdansk Refinery maintains excellent statistical records for the utilities consumption of
individual processing units and the refinery as a whole. As described in Section B.1 ., the
utilities energy consumptions for the units and overall refinery in terms of "Total Energy
Demands™ compare with typical US practices. The Gdansk Refinery energy demands are =
approximately 2.8 percent greater than the US refinery average. o

The atmospheric distillation, gas oil hydrotreating, and vacuum distillation (Unit Nos. 100,
500, and 900) were selected for a more detailed review of operating conditions. The
energy demands for these units are presented in Table D.1.1. and are compared with .
typicai US requirements. (Also refer to Appendix E for the basis of the US Energy Demand

utility data.)
TABLE D.1.1. - ENERGY DEMANDS
Gdansk
Specific US Specific . o
Unit Energy Energy Gdansk/US | .
Demand Demand {%) - L
{kcal/tonne) {(kcal/tonne) :
100 | Crude 193 092 175 000 110;3 =
500 | Gas Oil Hydrotreating 139 761 215 000 65.0°
900 | Vacuum Distillation 240 210 250 0C0 96.1 - '

The energy demands compare favorably with US performance, although the Gas: Qi
Hydrotreater energy demand is relatively low. However, this unit only accounts for 2.9
percent of the total refinery energy requirements so any variance will be of nominal
importance. Units with high energy requirements such as the Ultraformer and Di-Me
Dewaxing are less energy efficient than expected when compared with US counterparts. |

These results should not be viewed as especially surprising. The Gdansk Refinery began
operations only 15 years ago, uses modern Western design, and employs a high degree of-
US and European technology.
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2. HEAT UNIT BALANCES

2.1, Crude Unit 100
Some of the observed energy consumption overrun for this unit can be accounted for by
the fact that the Merox Unit 300 utilities are billed to the Gdansk atmospheric distzllatmn
operations.

2.2.  Gas Oil Hydrotreating Unit 500
The Gdansk pract:ce of feeding hot gas oils to hydrotreatment could account for much of
the refinery’s advantage over average US practice.

2.3. Vacuum Distiliation Unit 900
The vacuum distillation results are comparable to US practice. Differences may be due to
variations in feedstock gravities, depth of vaperization, etc.

3. HEAT TRANSFER EQUIPMENT ANALYSIS

3.1. Fired Heaters
As noted in Section C.2.9., the fired heaters utilize fuel oil. The excess oxygen has: been - E
controlled in the 3 to 5 per cent range. The stacks from process heaters are mamfolded 3
for heat recovery {waste heat boilers).

3.2. Heat Exchange Trains
The crude unit is a major energy consumer at the refinery. "Pinch” technology analysas
should be apptied for possible improvement in energy consumption by the fired heater The -

refinery does not log heat exchanger train pressure drops or temperature.

Constant monitoring of the preheat train for exchanger fouling can contribute to energy
saving at crude pump drives as well as at the fired heater.
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Section D

Waste Heat Recovery

Heat recovery from the combined fiue gases of the process heaters as practiced in Gdansk
is a constructive step in conservation of energy.

Economics of Increasing Surface Areas

Based on DMC experience, poor heat transfer rates are more often attributed to poor
design characteristics of individua! exchanger with respect to fluid velocities, baffle pitches
or cuts, etc. it is possible that a more fundamental analysis of heat exchanger train
arrangement will be fruitful and this study should incorporate exchanger design
considerations. At a design capacity of 3.16 million tonnes per year, an increase in crude .
heat exchanger efficiency of 1°C is worth $19 000 per vear in fuel oil savings (see
Appendix D for the calculation basis).

STEAM SYSTEM

Steam Balance and Utilization

A summary description of the steam system is in Section B.3. The steam balance is
automatically maintained by the generation of sufficient 7.5 MPa steam for let down
through the turbogenerator with extraction to the 2.0 MPa system and backpressuring into -
the 0.6 MPa system to meet its demand. In an emergency, desuperheated let down from
higher pressure leveis is possible. The variation in power is compensated for by changing
the imported power from the national grid to meet plant requirements. During the winter
period, the Gdansk Refinery power house furnishes power to the national grid.

Energy saving projects should have negligible effect upon steam balance concerns except
for a possible reduction of demand. :
Selection of Pressure Levels

Section B.3. defines the steam pressure ievels and paragraph D.4.1. describes the

. interrelationship for maintaining a steam balance.

Condensate System
There are four condensate collection stations located throughout the refinery and a fifth

unit located in the water treatmen:t station. intermediate tank data is shown in
Table D.4.3.1.
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TABLE D.4.3.1. - CONDENSATE TANK DATA
Tag Quantity Size Operating Parameters
Number (m?)
Pressure Temperature
{MPa) (°C)
$-234 3 400.0 atm —
V-2 1 13.4 atm 100
V-3 1 6.6 0.35 125
V-4 1 15.7 atm 100
V- 3 33.8 0.4 15
2A.,B,C

The condensate is cooled to less than 70°C and the average daily output varies between
1 200 to 1 800 cubic meters. Allowable contaminants are: '

organic chiorides < 0.5 ppm
hydrocarbons < 4.0 ppm
permanganate value < 2.0 mg oxygen/liter

The condensate is collected in the main station and pumped from the receiver to a
deaerator system at the water treatment plant where it is processed into the boiler
feedwater system. A 4 ppm hydrocarbon “hi-alarm™ is in place before the filter system.

As stated in Section B, 40 percent of the refinery steam is returned to the power house
as condensate. The remaining condensate is used as process water in the desalter.
4.4, Insulation

Some breaks in insulation were observed. Replacing the insulation would save energy.

4.5. Potential Effect of Energy Saving Projects to Steam Balance

Recovering heat as steam wili jead to a fuel savings and normally will have a beneficial
effect on steam balance.




5.1.

5.2.

5.3.

5.4,

5.5.

Section D

HEAT REJECTION SYSTEMS

Cooling Water System

The cooling tower exit temperature is maintained at 17°C to 23°C. The maximum
differential temperature across the cooling tower is 10°C. Makeup is normally 1.5 percent
of the circulating rate and a bypass filter is used for 3 percent of circulation.

A description of the cooling water system is included in Section B.5.3.

Air Coolers

Section B.6. describes applications of air coolers for possible energy saving. Section F.3.2.
addresses the maintenance of air coolers. Section F.3.9. discusses corrosion problems with
air cooler 1300 EA23.

Equipment, Piping, and Steam Heat Losses

Mechanical observations conceming specific units are presented in Sections C and F. In
general, the insulation thickness is appropriate for thermal containment at the temperature
levels protected.

Recovery Systems

Mechanical observations concerning specific units are presented in Sections C and F.
Tracing and Temperature Maintenance Systems

In spite of the severe winter conditions in this region, no serious problems with
temperature maintenance and freeze protection in the process plant were reported.
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USE OF HOT OIL LOOPS

The balance of advantages and disadvantages must be considered when a loop with
circulating hot oil is to be provided to furnish heat to several users. The furnace serving
as the heat source can be designed for high efficiency and low nitrogen oxides emissions.

There is an advantage to operating one furnace instead of several. This also applies to the . -

steam system used to recover heat from the flue gas. On the other hand, heat losses
could be high in the oil circulating loop if there are long pipe runs for widely :scattered -
users. There can also be some loss of fiexibility of operation.

The Gdansk Refinery has evaluated use of a hot oil system for propane deasphating and .
furfural with expectation of savings in the area of $78 000 per year by improved heater -
efficiency. The energy is expected to be provided with a low level of nitrogen oxide - -
emissions as well,




Section E

MECHANICAL DRIVE SYSTEMS

COMPRESSORS/FANS

The Gas Oil Hydrotreating Unit No. 500 has a hydrogen centrifugal compressor which is
driven by a 1.6 MW steam turbine. There is no spare for this service. The Reforming Unit
No. 400 has a hydrogen reciprocating compressor driven by a 700 kW electric motor;
6000 V, 3 phase, and 50 Hz. The motor was drawing 76 amp when observed on 12 June
1991. All other compressors are smaller and are electric motor driven.

SPECIAL PUMPS

The critical pumps are electric motor driven. The boiler feed pumps are mounted outside
the powerhouse. The electrical distribution systern is designed for high reliabifity. There are
no steam driven pumps. The boiler feed pumps were manufactured by K.S.B. Germany.

ELECTRIC MOTORS

Most of the electric motors in the Gdansk Refinery originated in Italy.

STEAM TURBINES

The two generator turbine drivers in the powerhouse are of French manufacture.
SPECIAL EQUIPMENT

There are steam ejectors on the crude vacuurn towers to provide vacuum. However, no
observations were made nor inputs received with respect to operation of these units.
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F. MAINTENANCE/MECHANICAL OBSERVATIONS

1. OVERALL IMPRESSIONS

The mechanical equipment in the Gdansk Refinery was manufactured in Western Europe
and the United States {or their European licensee companies}. For example, pumps are
Worthington, relief valves are Consolidated, and manual valves are ltalian. :

The equipment is well maintained. Hand valves and steam traps are repaired on a rotation
basis. Every piece of equipment is tested prior to returning it to service. The maintenance
and repair shops have the capability to make replacement parts for ali the equipment.
Relief vaives are disassembled: replacement parts are made; then the valves are
reassembled and tested. In Western practice, relief valves would maostly be returned-to the
original supplier or an authorized repair facility.

with locally designed equipment. Heat exchangers and oil burner atomnizing nozzles are
manufactured in Poland to a highly efficient in-house dzcian. Western standards are used
for materials and design.

2. UNIT REVIEW
The mechanical equipment of Crude Unit No. 100, Vacuum Unit No. 900, and the Gas Oil

Hydrotreating Unit was discussed in the review meetings and inspected during the site
visit. All units were well maintained. The unit managers responsible for maintenance

waste paper, debris, and removed instruments.

3. EQUIPMENT CONDITION SUMMARY

3.1. Fired Heaters and Boilers

the residual fuel oil usad. Periodically, the nozzles need to be removed and bench cleaned.
The steam power boilers were being reworked. The Ljungstrom air preheaters showed

aggravated this pressure drop and consequently the soot blowers are not being used. As
a result, the achievable superheat temperature is gradually falling due to the fouling build-

up.

Some of the original mechanical equipment specified by Snam Progetti has been replaced

deserve a compliment. Some units exhibited steam leaks, but the leaks were not excessive.
or frequent. The units were free of inoperative pieces and control rooms were free of

The atomizing nozzles of the process fired equipment have a fouling problem because of

excessive pressure drop due to corrgsion. Accumulation of soot from the generator tubes ..

s
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All of the major fired heaters in the Gdansk refinery have flue gas breechings to a common
steam generator for waste heat recovery. The combustion air for fired heaters is not
preheated. The air/fuel ratio is manually adjusted for minimum oxygen content in the flue
gas without smoke formation.

At the time of inspection, the waste heat boiler was out of service due to repairs.

A typical fired heater operation is iflustrated in Table F.3.1.

TABLE F.3.1. - TYPICAL FIRED HEATER DATA
GAS OlL HYDROTREATER FUSNACE

Unit Duty Eff. Flue Permissable i Hes: Trancfer Max. Number cf Number of

No. Gzalfh % Gas Pressure Surface Temp Passes Tubes
Temp. kg/em? °C ‘
og | rad sony rad | conv { red | wonv

3.2. Heat Exchangers

The heat transfer equipment in the Gdansk Refinery uses TEMA Standards for design,
fabrication, and materials. There are few applications where the fouling is extremely high.
An example of the refinery’s handling of these applications is that an extra tube bundle
that must be kept available for E12 in the furfural extraction unit. The differential pressure -
and flow are closely observed. The operator decides when to change the tube bundle.
This task requires approximately two days to complete during which time the exchanger

is by-passed. : :

Air coolers

Some of the air cooling fans at the Gdansk refinery are equipped with variabie pitch blades. - B
The biade pitch being controlled by the product outlet temperature. '

The operation of heat transfer and recovery equipment incorporates a record of equipment
pressure difference and flow rate. The operators use this information to assess fouling as
it progresses. The operators can arrange for cleaning or bundte replacement if excessive
fouling is detected prior to normal turnaround.
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Vessels

The vessci ccde in Poland does not allow more than 100 000 hours of operation for-

pressure vessels. There are many applications where this limit is too restrictive.. For
exampie, in the Refermer Unit 400, the reactor vessels contain hydrogen and are cycled
2ach 12 hours of operation. Temperatures between 500°C and 900°C occur during
regeneration. US practice uses the ASME Boiler and Pressure Vesse! Code Section VHI;

Division 2 for cyclic: service life assessment. British 5500 code has similar rules. |t would
be an acvantage for Poland’'s Vessels Authority to adopt some of the modern codes that
would allow greater utilization of capital investments. Before a vessels’ life could be
extended, the metaliurgical design basis for that vessei would have to be thoroughly
investigated in the context of code requirements.

Rotating Cquipment
The refinery pumps were primarily manufactured by We:thington. Double John Crane seals
are utilized. LPG service uses a steam injected seal to prevent auto- -refrigeration. Table

F.3.4.1. illustrates typical pump operating conditions.

The pumps generally exhibited no vibration or seai leaks and showed signs of good original-
assembly and sustained maintenance.

The centiifugal cempressor and its turbine drive were also excellently maintained.

Reciprocating compressor 400-MK3 was operating without enough volume in the pulsation
damper. A check valve in the discharge line was slaraming and vibrating. The pressure
indicator was broken; the needle had fallen off due to excessive cyclic pressuring.
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TABLE F.3.4.1. - TYPICAL PUMP OFERATION
Suction | Discharge Flow Rate Approximate
Pump | Pressure Pressure Efficiency
{KPa) {MPa) tonnes/hr amperes {per cent)
P1A 800 2.70 300 24A @ 6kV '51.8
P2A 120 2.05 120 17.5A @ 38.32
6kV
PSA 85 1.18 19.5 61A @ $ 29.36
: 380V
3.5. Steamn System
The system pressures are:

7.5 MPa 510°C _

2.0 MPa 340°C Superheated

2.0 MPa 230°C Saturated

0.6 MPa 180°C Superheated

3.6.

The 7.5 MPa steam pressure is produced by flashing and desuperheating the drum | __
pressure steam. The 7.5 MPa superheated steam is used to generate turbo-electric -
power from the two turbogenerators. However, the 2.0 MPa and 0.6 MPa steam

is used primarily for processing. Only one power generating turbine is run during <

the summer, but both units operate during the winter when the steam load is high.

Deionized boiler feed water is processed from the intake water source at the

Motlava River. Approximately 60 percent of the process steam condensate: isnot
returned to the power plant, The oily condensate is used in the desalter for process B

water. All equipment appeared to be well maintained except for the problems w:th
flue gas corrosion at the boiler Ljungstorm air preheaters.

Piping and Valves

The piping on Unit 400 in the cyclic temperature use showed need of expansu:n '

allowance. The valves in the service exhibited internal leakage. This unit is
scheduled 1o be dismantled when a new continuous catalytic reformer is built

although conversion to pentane/hexanefisomerization should be investigated first. -
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Instrumentation

From the beginning, the Gdansk Refinery was equipped with - electronic

instrumentation. The instrumentation is an intrinsically safe tvpe. The basic lme

is Honeywell "Vutronik.” Process connected switches are mostly of US design: and

are in explosion-proof case. The refinery has already started to convert to a

Distributed Control System (DCS). A Honeywell TDC-3000 system is installed and '

operating.

Unlike many other types of imported equipment that are sometimes difficult 10
maintain due to spare parts supply problems, the refinery uses the services of -a

Honeywell maintained warehouse (located on the refinery premises) that stocks

all necessary. spare parts. Consequently, the refinery does not lose time in

obtaining the spare parts nor does it incur the cost of stocking the spare parts'in -

its own warehouse.

Refinery personnel received their initial training and continue to receive additional

training from Honeywell. The staff is already -quite experienced in configuring and
programming the TDC-3000 and can now continue this activity with mmlrnal
outside assistance.

The Crude Distillation Unit No. 100, Naphtha Hydrotreater Unit No. 200, and Meréx |
Unit No. 300 have already been converted to TDC-3000 control. This system -

receives temperature measurements directly from process  connected
thermocoupies from Units 100 through 800 and Unit 3700. Currently three

operator stations are employed. The DCS controls 90 control loops (with -
redundancy), 100 indication and recording loops, and over 800 temperaturej'

measurement points.

Parts from old panel-mounted instruments, which were dzsconnected when -the

TDC-3000 was introduced, are cannibalized as needed, and used as spares for

units not yet converted to the TDC-3000. Fieid transmitters are gradually bemg
replaced with the most recent generation of regular electronic transmitters.
Rosemount licensed transmitters built in Poland are being supplied. Smart

transmitters will be used for services that require higher accuracy. The choice of .

manufacturer for smart transmitters has not yet been finalized.

The Gdansk Refinery has a time schedule for the conversion to DCS aha--

computerization. By the end of 1991 the Gas Qil Hydrotreater Unit 500, H,S

‘Recovery Unit 600, LPG Recovery Unit 700, and Sulfur Recovery Unit 800 wilt be * .
transferred to the TDC-3000. The Catalytic Reformer Unit 400 will be transferred
to the TDC-3000 in 1892. - All temperature measurements from Vacuum Distillation .
Unit 800, Propane Deasphalting Unit 1100, Furfural Extraction Unit 1200, Solvent
Dewaxing Unit 1300, and Hydrofinishing Unit 1400 will be transferred to the DCS.

in 1991. The control of Asphalt Blowing Unit 1000 is currently, and in the future,
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will be by Siemens "Simatic”. The total transfer to TDC-3000 (including the power :
house) is planned for 1995 completion. At the same time, the main controf rooms '_
- (the plan is to have two) will be modemized. The rooms will be air condmoned and

pressurized.

Originally, data logging and mass balances were accomplished by two Honeyweli
"Vupack™ H-716 computers. One of these computers (mass balance calculations) o
was scheduled to be replaced in June 1991 by a desk-top, IBM compatible, 386 L
computer, incorporated into the overall communication highway and communicating
through the Xenix system. An H-716 computer receives pressure, temperature,
and flow signals from all of the above process units {with the exception of Unit -
100}, as well as from the power house and storage tanks used for data acquisition. - -

Soon, it will have a communication link with the new computers.

A separate computer is used exclusively to process the data from a network of air
quality monitoring stations. A workstation dedicated to accounting and other |
administrative tasks is also planned and will be mcorporated into the plant- P

communication ioop

Advance Controls

With the implementation of distributed control system {DCS) on their process units,

the opportunity for a greatly increased use of advance controis and stratagems'
dawned for US refineries. it became apparent to many of these refsnenes thatthe . e
increased profits from advance controls would quickly payout on analog @ - -

nstrunented process units, the costs of a DCS and the advance controls. One US

_major decided (in the early 1980s) tc convert ali its refi inery process controls 16 : b
DCS; their experience was that it normally took four to twelve months of the new
controi's operat:ons to recover the DCS/Advance control costs for almost ail umts

W;th the implementation of DCS, the follownng unit advance controls should be

" considered:

® (Crude Units

° Decoupling the side draws - This control aliows the board operator .

to increase/decrease a product draw {changing that product s iBP
and EBP) without upset*ing the other product sndedraws

¢ Cutpoint calculation - This control repiaces an expenswe h:gh 15"
maintenance analyzer. Calculating and inferring boiling point .|

measurements such as 95 percent point from tower measurements.
This measurement can then be used for tower control.
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. Pumparound control - This control locks at the pumparound flows,

temperature, energy use and heat transfer. It determines the

economics of increasing or decreasing pumparound to mcrease or
. decrease product flow. :

® Reformer Units

* - Reactor optimization - Controls reactor temperatures to optsmr'c the'

cataiyst life versus octane number output.

. Prefractionator control - Sharpens fractionation so as to minimize . -

catalyst poisoning heavy ends and non-reactable light components

in the reactor feed, thereby increasing the reformer’s octane: barrel _

output.

®  Hydrogen Desulfurizers

. Hydrogen control - Ratio hydrogen to feed to smooth fiow, enhance o

the desulfurization reaction and extend catalyst life.

@ Fumace/Heaters

. Furnace air control - Regulate the combustion air to minimize excess _

air and prevent smoke formation.

When starting an advance control project, a process audit covering those areas that‘ '
the advance controls will impact needs to be made. This audit should show all
‘pertinent data such as flows, process conditior, energy usage, product quaiity and

stream values. This establishes the baseline. Three to four rnonths after

implementation of the advance contrels, a final process audit needs to be taken.

This audit collects the same data that was taken for the starting audit. With the
data from the two audits, a final report can be issued. showing the actual savings
versus the estimated savings and reasons for any differences. Besides establishing

credibility for the project estimate and payouts, it also provides the feedback

necessary to improve future savings estlmatlng

Ideal members of this final audit team are the advance contro! eng:neer the' '
process unit operations engineer, and one of the consulting engineers, if used.

With the high degree of savings seen on advance control projects, there is usually

& push for their rapid implementation. This push, plus a lack of available
‘experience, makes it prudent to hire outside expertise, i.e. a consultant. This' isan -

opportunity to upgrade the facilities staff expertise. A staff advance control
engineer should be assigned to work with and monitor the consuitant. On later

projects, this will allow more {or sometimes all) of the same type of work to be
- done in-house.
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Having already installed the TDC-3000 on three units, the refinery is looking fora -
consuiting firm to develop process optimization strategies and aigorithms which-
would permit introduction of advance controls. However, efficient process- '
optimization controis would also require a substantial increase in the accuracy of
some measurements, especialiy flow, and the introduction of additional dedl_cated_
on-line analyzers. The problems of process optimization controls and increasing the .
accuracy of flow measurements and adding the on-line analyzers were addressed
by the Gdansk Refinery in genersl, but no practical steps have yet been taken :

The Gdansk Refsnerv instrumentation and computenzatlon department ‘is. well -
trained and metivated to accomplish the task of convemng the refmerys
instrumentation to the most modern levels.

Itis, however, suggestec that more attention also be given to the problem of intra-
ptant communications and to tie implementation of fixed and remotely controiied
field closed circuit television, starting with a camera watching the flare. These two _
components would coordinate the highly advanced process control of the units and -
permit. observation and improved control of field personnel and of the most -
mportant pieces of equ:pment : :

an._x.rpl_valyg

The Gdansk reflnery is equipped prlmanly w1th Masoneilan valves.. Many of them'
are imported. However, Poland has a Jicense agreement with Masoneilan,” anda
significant number of control valves have been manufactured in Poland. There are
also many Fisher valves - particularly the specialty valves {i. e. high pressure, high
temperature) Most of the control valves in the power plant are F:sher valves :

Most of the valves are in good to moderate workang condmon Only a few of. them
leaked at the fianged connections. Sometimes, there are probiems with the valve s
tight shut-off but usually the refmery is able to repair the valves.-

Currently, about 90 percent. of all control valves are equnpped with posmcners.
With the introduction of DCS, some control loops, with the vaives that do not have
positioners show excessive hysteresis and dead band (over 3 percent). Wherever
higher accuracy is required, the related control valves will be refurbished with the

positioners.
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Power house instrumentation

The power house instrumentation is not modernized. The boiler’s design operating
conditions are 7.5 MPa @ 510°C. Actual operating conditions are 7.2-7.4 MFa

©@480°C. The lower than design pressure and temperature are due to the fact that =
the boiler’s tubing and superheaters are not in good operating condition. This,in
turn, makes it necessary to disable the attemperators. The boilers are equipped -
with modern oxygen analyzers (Kent). The readings show low excess oxygen (2 6.

to 2.7 percent).

During the visit, two bmlers and one turbine were in operation. The pressure dfop_'- :
between the steam header and the turbine inlet at 120 tonnes per hour, read from .
the pressure gauge at the turbine panel and header pressure gauge (readings on the
panel mounted  instruments were judged to be even more’ uncertasn\ was

approximateiy. 0.06 MPa. This.is extremely high.

Although it is possible that the accuracy of the gauges was not satisfactory and
the actuai pressure drop was much lower, the following should be noted. Analysis
of the original calculations for the flow nozzies found that the line between the
header and the turbine has an internal diameter of 230.18 mm. With two ‘boilers
supplying maxirmum steam of 160 tonnes per hour, the steam velocity wili be about
50 meters per second which is high. Also, the minimum diameter pipe results in

~high differential. pressure in the flow nozzles. Therefore, the total losses in the iong s

rn become relatively high.

The power plan’t control room is- equipped with the original. panel mounted o
instruments. The accuracy of these instruments and associated controls, as well
as the accuracy of the instrument readings, is much lower than is achievable with’
“more modern instruments. There is no automatic data logging, and the readmgs ,
are manually entered into the shift journal twice every shift. With the low accuracy
of the readings and the manuat logging, it is very difficult to analyze the Iong term L

changes in the efficiency of the boiler operation.

The boiler level transmitter is connected directly to the bmler drum, there is no
constant head chamber. It was not clear whether the boiler level measurements

are compensated for boiler pressure. It was also not clear how the reduced

temperature is accounted for in the boiler stearn flow measurements. i the Steam '
fiow measurements are not compensated for temperature and pressure, the

accuracy of these measurements would be reduced by 5 percent due to the lower

steam temperature. Assuming the flow nozzie error is 2 percent and the accuracy - .

of the transmitter is 1.5 percent, the resulting accuracy may be low by as much as
6 percent. Accounting for the fact that the flow nozzie has worked for about 15

years, in a pipe where steam velocity is high and erosion likely, it is reasonable to -

F-g
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assume that the current accuracy of the nozzle is much less than 2 percent. Alsc
the flow transmitter connection has iong tubing which might reduce the accuracy
even further. As a result, it is possibie the overall error of the steam flow
measurements could be even higher. It is therefore suggested that the refinery
conduct a boiler audit. R

nggestions for further analysis

1. It was reported that the boiler feed water valves on the boilers are air failure _

closed. The recommended practice in the US is to clamp the valve in the

position it was in prior to the air supply failure, and have a dedlcated alarm -

for air failure to that vaive.

2. There are no vibration or bearing temperature measurements and no-alarms

on the air fan. Availability of these signals in the control room might help
avoid a costly shut down.

3. There are no oil level, bearing temperature measurements and/or alarms on
the Ljungstrom air preheater. Availability of these signals in the control :

room might help te avoid costly shut downs.

4, It was reported that skin thermocouples are not used to monitor -
temperatures on the boiler tubes. This type of measurement might be quite
useful. :

5. Oxygen analyzers are calibrated once a year. in order to maintain stab:hty'

and accuracy, it is suggested that the analyzers be calibrated more: often _

Electrical Equipment

The two steam wirbines drive generators produce 15 MW each at 6 kV. During the |

summer only one generator is in operation, producing energy for internal use only.

In winter, two generators are in operation. At this time the refinery is _selimg_

energy to the Utility Power Company.
Generators (see Tabie APP.F.1 in Appendix F.
Jeumont Schneider

Electromechanical Division
59460 Jeumont, France

F-10-
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The generator section of the power plant building was designed and constructed
by a French contractor. The remaining section of the building, with its three
boilers, was constructed by a German firm. The main load at 6 kV level at power
plant is:

3 induced draft fans 800KW
4 water supply pumps 780KW
2 air compressors 600KW

The main control panel and the local controf panels at generators and the boilers
are Frencih. All others are domestic.

The electrical equipment is in good condition and has been weil maintained.
Further details pertaining to the electrical system can be found in Appendix F.

Corrosion

The dewaxing unit air cooler, 1300EA-23, which condenses water and a mixture
of dichloroethane with methylene chioride (Di-Me}, exhibits corrosion. The tubes
are ASTM A179 carbon steel with aluminum fins. A spare tube assembly is kept
ready for installation and the maintenance shop re-tubes the spent assembly.  This
air cooled unit exhibits control difficulties in winter and has inadequate surface area

during extremely hot summer conditions. A study of materials resistant to the_

water and Di-Me combination is recommended. It is anticipated that tltanlum isa
likely choice. Coupons of metallurgical samples should be subjected to the stream
for evaluation before final selection. A water cooled condenser using the results

of the metallurgical sample study should be designed to replace this air cooled unit.

Insulation Condition

External' insulation at Gdansk is mineral wool with aluminum jacketing. - This

appears to be adequate. Valves, pumps and flanges were bare. it is recommended o
that where feasible, the bare components be covered. It is acknowledged that

some units in very high temperature and hydrogen setvice require bare flanged

joints to minimize bolt expansion and for leak detection and fire quenching

respectively.

Internal insulation in some applications with better materials, or better assembily of

materials, is desirable. For example: the vacuum tower heater’s external walls are:

bare steel. Insulation consists of internal fire brick and refractory. The metal
temperature exhibited on 14 June 1991 was 55-60°C with ambient temperature
at 19°C. This resulted in a heat loss of 6 percent to 8 percent of the heater duty.
it is recommended that a study of more effective refractory and ceramic wool
insulation be made specifically for this heater.

F-11




4.1.

4.2.

4.3.

Section F

MAINTENANCE
Policies

The time between turnarounds (TAR) at Gdansk is a fixed interval without regard
to past performance of the units. A history of items replaced and failures between

turnarounds would be an advantage in an effort to increase operating time between
turnarounds. Also, on stream non-destructive testing for corrosion and the use of .

corrosion coupons would help provide for longer TAR intervals and/or increased
safety.

History

Information regarding the maintenance history of the Gdansk Refinery was not =~

received.

Current Practices

The maintenance and repair shops at Gdansk deserve a comphment for the. :

excellent accompiishment of a difficult task of manufacturing and repamng the

‘various pieces of equipment without access to Western manufacturers. The

machine shop equipment, such as drill press, milling machines, and lathe, are not

computer controlled. The accuracy of the work depends on the skill of ‘the
machinist. For example, a large heat exchanger tube sheet was being drilied one
hole at a time with the holes being manually located. Numericaliy controlied

machine tools would greatly enhance the repair shop’s operation productivity and -

quality.

F-12
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ENERGY LOSS MONITORING SYSTEM

The Gdansk Refinery incorporates a comprehensive system of process stream and utility
metering. The system is not fully implemented on an individual unit or major equipment
basis. As mentioned, decreasing the losses reported for operations is desirable. if a Loss
Control Committee is set up as expected, its responsibilities could be extended to Energy
Auditing. Accuracy and adequacy of the metering will be an essential aspect for loss
controi so utility metering should be checked and reconfirmed at the same time.

Also desirabie is an extension of reliable oxygen analyzers to measure ‘the oxygen in
furnace/heater flue gas. An in-situ type oxygen analyzer such as the Zirtek with :a
measuring cell placed in the firebox should provide the accuracy and reliability needed. it
also wili provide high and low oxygen and temperature alarms as well as a reliable signal
for an advance control furnace control and monitoring system.

Gdansk is gathering data from the process units and storing the information in the refinery
computer system. The measurements for a reliable energy-use database are currently in
the system or easily added. The essential need is to extract this data from the system in
a meaningful timely manner. The database can then be used to identify problem energy
uses and losses and significant energy trends. Programs could then be established to
minimize losses.

Energy-use monitoring should allow charging the process units, on some calendar basis, -
for their various energy usages. Accountability for the efficient usage of the refinery
energy then needs to be established, then goals to reduce energy use can be set and
monitored.

Gdansk has implemented a TDC-3000 distributed control system (DCS} in the Fuels Block
and is currently extending this system to the rest of the refinery. When implemented, the
control system will be on a par with what is rapidly becoming the standard in Western
refineries. This will then allow real time tracking of energy usage and with the
implementation of advance controis to raise product guality and minimize the energy per
tonne of crude processed. What remains is the pregramming of the system to yield helpful
guides and documentation such as the performance of heat exchangers and their fouling
trends so as to be able to optimize cleaning schedules etc. with positive cost-benefit
returns.

In summary, the data obtained and equipment installed can be used to identify energy loss

problems, energy use charges and energy usage trends and aiso be available for energy
minimization advance controls.
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The refinery is now managing energy loss through a variety of approaches. First, and most

importantly, management has established an energy management group, whose purpose.

is to seek out and implement erergy saving opportunities. These activities may generate

projects that range from re-arrang=ment of the crude heat exchange train to changing
reactor cperating conditions and outlet temperature, yet maintaining yields and throughput,
thus saving fired fuel usage.

Several state-of-the-art fixed combustion gas oxygen analyzers are installed at Gdansk but
it is believed that a useful addition would be portable instruments for periodic checkmg of
in-line instruments and also for minimizing the need for Orsat sampling. The operating staff
appears conscientious in utilizing analyzer data for adjusting burners.

A difficulty in implementing energy saving projects is availability of funds, not opportunities

or solutions to problems. Capital budgeting practices may need review. The desirable

change in the operating staffs attitude in adjusting burners is an exampie of the type of
statf motivation problems that must be extended to all areas of energy efficiency.

This is not to leave the impression that all is perfect. Further work remains to be. done.
The Gdansk Engineering Staff were very sensitive to energy recovery and are to be
complimented. However, energy efficiency is and will be a continuing problem, so no let-
up in effort is possible. The application of motivation techniques, such as setting objectives
with mutual agreement between management and staff, accountability, ownership,

rewards and ability of the staff to control the variables affecting their objectives, need to :

be implemented. in summary, much good work has been done by the Gdansk staff to
reduce energy consumption. Their continued efforts will be needed to ensure future
SUCCesS. '
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FUEL SWITCHING/UTILIZATION

1.

REFINERY FUEL SYSTEM

Refer to Section B.2. for information on the refinery fuel system.

GENERAL REVIEW OF POTENTIAL REFINERY USE FOR COAL

The availability of native coal makes a review of coal as an energy source of interest to the
national economy. A study on the use of coal as an adjunct or substitute for hydrocarbon
fuel streams is, therefore, included in this evaluation.

The refining of crude petroleum in the USA typically requires 380 000 Btu per barrel (crude
feed) of fired fuel. Heat is provided by burning a variety of fuels in directly fired heaters.
Generally the fuels are a collection of effluent streams from the various operations around
the refinery complex in both gaseous and liquid forms.

Coal is frequently used in industry as a fuel source. Generally, it is used on large capacity
boiler units. There are significant base investment and operating costs and activities
associated with feed and ash handling equipment, sulfur removal, etc. that can be charged
out over large installations but prove too inhibitive in the economics of smali units.

There are many ways of utilizing coal as a fuel. Probably the most applicabie to the
situation at hand is discussed below. The first two, direct coal firing and coal gasification,

are discussed in some detail. Several others, such as coal liquefaction, coal-oil m:xtures, :

coal fired gas turbines, are touched upon briefly.

Coal usage in existing refinery process heaters would most likely be restricted to one of
the methods in which a product fuel can be produced in one location and piped to the

various users. Plot space in the vicinity of the existing furnaces along with safety
consideraticns typically does not allow for coal and ash storage and handiing facilities - -

within the refinery processing area. Also existing equipment is not designed for the
particulate loading experienced in the flue gas with coal firing. In addition, any required
suifur removal equipment would have to deal with flue gas clean-up on an individual
process heater basis if there were not a central coal processing facility.

The entire refinery energy and equipment picture dictates whether coal could be

incorporated into the refinery as a acceptable energy source. If a new process heater or

utility boiter would be needed and the fuel balance allows for another fuel source, then the
use of coal may be justified and the new coal technologies would be worth looking at. if
the residual fuel picture changes because of modifications to the refinery, coal usage may
be justified.
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Direct Coal Firing

Coal usage is not simple anymore. Gone are the days of stoking the fire by shovelful of '

run-cf-mine coal and just letting it burn. Coal may need to go through physical cleaning,

sizing and drying just to get it 1o the furnace. Burners are specially designed to achieve

optimum efficiency and low nitrogen oxides emissions. Additives are injected to reduce
ash sticking to heatsr tube walls, reduce sulfur dioxide in the flue gas, etc. Flue gas may

be subjected to further treatment such as wet scrubbing to reduce sulfur dioxide to tighter

levels of environmental acceptance.

Traveling grate burners bring the coal automatically to the burning chamber where the coal

is combusted. Coal with a moisture content much above 30 percent must be dried before -

burning, so lignite/brown coais would most likely need pre-combustion drying. Hot under
grate air can be used for this purpose. Ash builds up on the grate until it drops into a

hopper. The ash is later removed from the hopper. However sulfur must typically be dealt .

with after combustion if removing sulfur oxides are necessary. The cost of sulfur dioxide
removal equipment significantly adds to the cost of a unit. '

Modern direct coal burning systems include atmospheric and pressurized fluidized bed
combustion (AFBC and PFBC) units that provide for gas buming,. clean-up and heat
recovery all in one unit. Limestone is used as part of the fiuidizing medium and the caicium
present in it reacts with the sulfur dioxide before it is able to escape from the combustion
chamber. The result is a non-toxic disposable by-product. '

FBC technology is applicable to a wide variety of fuels inctuding a wide range of coals,

residual oil, petroleum coke, etc. AFBC technology for boilers is available commercially

trom a large number of licensors while PFBC technology is still considered to be in the
development stages. The application of FBC techrology to a process heater may be
possible, but it would require extensive pilot test runs and special considerations in
eguipment design.

Coal Gasification

Coal gasification has been utilized for a long time and there are several companies (Texaco, .
Lurgi, IGT, KRW, etc.) that have commercialized processes. The product from the =

gasification {hydrocgen, carbon monoxide, carbon dioxide, and others) can be used as a

chemicai feedstock or a fuel gas. To produce a fuel gas of medium range heating value
{9.3 to 18.6 MuJ/cubic meters or 260 to 500 Btu/SCF) suitable for burning in a.process
heater, oxygen must be used in the gasification. Because of the reducing conditions
present in the gasifiers, most of the sulfur in the coal is converted to hydrogen sulfide.
Hydiogen suifide can be removed reliably from the gas stream by a number of available
processes. in addition, it can further be turned into elemental sulfur.
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Development work is being done for in-situ desulfurization in a fluidized bed coal gasifier.
This process is much the same as the PFBC except that the product is a gas with a heating
value instead of combustion product gases. it is alsc similar to the FBC technology in that
it can utilize a wide variety of fuels, such as the sour residual oil produced within the
refinery.

Fuel gas produced in this way can ve piped into a plant fuel header and used anywhere
around the facility. The attractiveness of this option is that the coal usage wouid be in one
central location while the fuel users could be in many different locations.

Another possible use of the gas produced via gasification could be as a fuel to a gas
turbine. The gas turbine could be used to generate electricity or to provide a direct large
capacity mechanical drive, such as a compressor. The thermal efficiency of a gas-turbine
is typicaily raised by using the turbine exhaust gas to raise steam in a-waste heat bailer.
This is the co-generation process.

Other Technologies

Coal Liquefaction

Production of liquid fuels from coal can be either indirect or direct. In indirect liquefaction,
the synthesis gas produced in a gasification step is further reacted to produce a:readily
burnable fuel (i.e., via the Fischer Tropsch process to naphtha, diesel and waxes or via
syngas to methanoi to gasoline). Since the gasification product would be an adeguate fuel .
for the heaters on the refinery, there would be no need to go beyond that step to liquid
fuels. '

Direct liquefaction producing a No. 2 type fuel oil would be more applicable tc the fuel
needs in the refinery. Several processes have been developed in the US since the: 1 960s
including H-Coal, SRC-1, Exxon Donor Solvent, and SRC-Il. The high cost and inefficiency
associated with these processes led to the cutback of further development .of the
technologies as they stood. The early processes have been modified and further developed
by the United States Department of Energy (US DOE) and industrial partners into two-stage
liquefaction processes. These processes are still not available on a large commercial scale.
Estimates are that the cost of a barrel of oil produced by coal liquefaction using such
methods might approach $25 per barrel by the late 1990s. '

Coal Qi/Water Mixtures

The use of coal slurried with oil or water to produce a usable fuel is also the subject of
numerous studies and optimizations. There are even annual conferences on "Coal & Slurry
Technology™ sponsored by the Coal & Slurry Technology Associaticn and the US DOE's
Pittsburgh Energy Technology Center (PETC). Coal water mixtures can be prepared with
up to 70 percent solids, while current techneclogies and pilot plant results show coal oil
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mixtures are limited to 30 to 50 percent solids. Coal-oil mixtures could be prepared in one .
location and pumped around the plant to the varicus process heaters; however, emissions
in terms of sulfur dioxide, nitrogen oxides and particulates would be a problem at each -
furnace.
Coal-Fired Gas Turbines
Direct coal-fired gas turbines are being developed and improved by General Eiectric,- -
likely be restricted to electricity generation. Solids and impurities deposition on blades and
casings would likely require frequent cleaning and duplication of equipment would be
required to even out loads. Environmental contro! requirements would also likely fimit- the
appiication of this technology to high quality coals. :
The use of coal as an energy source for a power plant near the Gdansk Refinery was -
studied a few years ago. Based on this study, no action is being considered for the change '
from fuel oil to coal primarily due to:

. high sulfur and ash content of coal emissions

® . added cost for coal and ash handling

. freight cost to bring in coal by rail

.« disposal of high sulfur ash
Even fluidized bed combustion for diminution of the flue gas sulfur dioxide wouid only _
affect one of the objectives above. Lo

Euel Celis

The combination of coal gasification and emerging fuel cell technoiogy presents aﬁ |

projections, based on work sponsored by the US DOE, indicate an efficiency .between 45 -
and 55 percent in converting hydrocarbons directly to electricity. The hydrogen and carbon
monoxide rich fuel from coal gasification is suited to fuel cell use, with carbon dioxide used
in the cathode side of the cell.

Of the four major fuel cell technologies, two are worthy of mention here: phoSphoni: acid -

and molten carbonate. Phosphoric acid fuel celis are at a more advanced state; however,
they operatz in the range of 200°C compared to molten carbonate cells at 650°C.

H-4
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The molten carbonate fuel cell is best suited for use with coal gasification in applications
where good quality heat is needed. The exhaust gas temperature of 650°C is useful in the
generation of high quality steam for process purposes. The use of bottommg cycles further
enhances the system. :

Overall efficiencies, including electrical and recovery of exhaust gas heat to generate steam

are in the order of 80 percent. The US DOE is sponsoring sub-megawatt tests | of _

commercial sized units; these tests are scheduled for the 1993 calendar year.

While the technology is not ready for commercial use, it is potentlally attractive and shouid
be watched closely.

COAL AT THE GDANSK REFINERY

Avaitability and Characteristics of Coal

Coal is not used at the refinery.

Potential for Use

Modification to equipment and/or the space required for coal handling, flue gas
desuifurization, etc., will require a major capital investment that is unhkely to occur.
Economics of Use

The availability and attractive price of natural gas and the ease of use within refinery fired
heaters, coupled with the high capital cost required for coal utilization, leads to the

observation that new coal burning furnaces are not an attractive alternative for the Gdansk '

Refinery.
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REFINERY EMISSIONS

SUMMARY OF ENVIRONMENTAL SURVEY

_ ‘The Gdansk Refinery is subject to semi-annual inspections of atmospheric emissicns by

1.1.

1.2.

local (non-refinery) authorities with particular reference to hydrogen sulfide and sutfur L
dioxide. Permissible limits have been established for eight sources of vapor emissions.
These are shown in Table 1.1.2.1. S C

Refinery Suifur Balance

During 1990 the Gdansk Refinery processed crudes from Iraq (Kirkuk}, Iran, USSR, bnd
Germany. The composite sulfur quantity entering with the crude is estimated to be about
34 000 tonnes per year. The crude rate for 1980 was 2 127 900 tonnes or about 67
percent of capacity. ' L

The major part of the sulfur passes from the refinery via three routes. These are throégh .
the sulfur plant, the fue! oil, and the bitumen product. Co ST
Air Emissions

Flue gas enters the atmosphere from eight sources at the refinery and is reported to be the :

combustion products of 180 000 tonnes per year of fuel oil containing three percent su!fur.
Conversion to suifur dioxide results in 10 800 tonnes per year. Emission of sulfur dioxide -

at this level exceeds the permissible 8 603 tonnes per year shown in Table L2t o
However, the fuel oil is cut back (blended) with desufurized gas oil or diesel inorderto - = |

meet permit sulfur dioxide levels. Local authorities randomly sample each of the eight’
stacks twice a year, and not necessarily at the same time. A nominal fee is paid éfqr'
poliution {amount unknown) with a ten times fee penalty, should atmospheric emission
exceed permit values. The refinery has not been found in violation of its permit. |




TABLE 1.1.2.1. - ALLOWABLE STACK EMISSIONS, 1991

Stack Emissions Quantity ‘Quantity
{kg/hr) (tonnesfyr)
Power House | .
Particulate 67 587
SC, 556 4 871
. NO, 230 635
Lube Qil Heaters '
Particulate 49 429
S0, 370 3241
H.S 2 17.5
NO, 246 679 -
Low Flare _ -
SO, 10 87.6
H,S 0.04 0.35
NO, 3 8.3
High Flare s
S0, 10 87.6
H,S 0.04 0.35
NO, 3 8.3
Sulfur Plant - -
Fluidized Bed Incinerator o
S0, o 18 157.7
NO, - 1 2.8
Bitumen Oxidafion Furnace
80, 2 17.5
H,S 0.02 0.19
2
Heating Oil Furnace :
S0, 16 140.2
Total SO, - 8 603

Basis: 365 days per year
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Water Quality

The refinery raw water is supplied by the river as described in Sectlon B.5. The sequence '

of treatment for preparing boiler feedwater is also described in B.5.2. Table [.1. 3.1.
presents the average analysis of raw water, cooling water, and boiler feedwater. =

Potable water is obtained from wells.

‘TABLE 1:1.3.1. - WATER ANALYSIS, 1990

Refinery Treated
Description Raw Cooling Boiler -
' Water Water Feedwater
Supply - :
pH | 8.18 7.95 9.20
Total hardness as CaCO,, ppm | 256 274 -
Calcium as CaCOs, ppm - _ 189 ' -
Magnesium as CaCO,, ppm _ - - 85 -
"P" Alkalinity as CaCO,, ppm 1.5 1.5 0.05
Suifate as SO,, ppm : - | 176 o
Chloride as Cl, ppm 71 132 -
Silica as Si0,, ppm 10.5 - 0.023
Iron as Fe, ppm - -0.25 - 0.08 - |
Total Dissolved Sofids, ppm - 761 -
Suspended Solids, ppm - - -
Turbidity, ppm | _ - -
Conductivity, microMHOS/CM 515 - 6.6
Supp!y Temperature, °C 0.5-26 B ' 60-70
*After treatment with NH,OH
-3
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Solid Waste Disposal

A new incinerator is being built to dispose of solids that accumulate in 2 waste. water
lagoon.

Impact of Maintenance Practices in Generating Emissions

Selection of crude oil with low sulfur content as feedstock is more sugmfucant in terms of .

lowering suifur emissions than the present maintenance pracnces

Evaporation Losses

Although time did not permit a thorough investigation of the tank farm and a determination

of potentua! hydrocarbon savings. recommendations ~proposed in Section J include:

® forming a Material Control Comniittee to identify possibilities. for reducing
hydfocarbon losses

® acquiring a hydrocarbon analyzer for detection of leakage

Loss of Products to Solvents

Loss of products to solvents will be negligible as the only solvents, furfural and D:-Me, are

recycled within their respective units. However, there will be a marginal loss of furfural T

in particular, in the reject water from the unit “ollowing steam stnppmg-
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HANDLING OF MATERIALS

The refinery practice in handling materials such as tetra-ethyl lead, heavy metais, acids, |

and tars was not reviewed. Therefore, the following sub-sections are not addressed:

2.1. Tetraethyl lead (TEL)

2.2. Aromatics

2.3. Solvents

2.4. Halogenated Hydrocarbons
2.5. Heavy Metals

2.6. Sulfur

2.7. H,S0,, HF

2.8. Combustion Products

29. Tars

MEASUREMENT OF EMISSIONS

The Gdansk Refinery is facing significant changes in the requirements for continuous

emissions monitoring. The refinery has permits to operate eight sources of poilution. The -
refinery faces the task of selecting the instruments and methods for monitoring which -
would comply with government regulations and would be reliable and affordable. -

Considering the fact that flue gas analyzers are both expensive and high maintenance
instruments, alternative methods of monitoring will need to be analyzed and negotiated
with the authorities before the final method of monitoring is estabiishied. Until such time,
the existing monitoring systems will stay in place.

REVIEW OF SPECIFIC RECOMMENDATIONS

There may be no need to install a continuous sulfur dioxide analyzer to monitor suifur
dioxide content in a flue gas of a boiler or a process heater. It may be sufficient to

regularly determine sulfur concentration in the fired fuel using a portable instrument, .

measure and total the fueil flow, and continuously measure the oxygen level ini the flue gas.
Based on these data the amount of sulfur dioxide per unit of energy can be calculated as
well as the total amount of sulfur dioxide released to the atmosphere during a certain
period of time. . _

The nitrogen oxides components become a problem if and when the combustion
temperature exceeds a certain threshold. This implies that the process of combustion

should be carefully adjusted to reduce the amount of nitrogen oxides and the temperature

in the boiler or heater should be accurately measured a.id maintained below a certain limit.

I-5




Section |

Consequently, the cost of continuous emission monitoring systems (CEMS) and their
maintenance may be significantly reduced if the refinery can positively prove that the
combustors are run in a consistently well regulated combustion mode, and ail the related
measurements a2re accurate and either made on regular basis (sulfur content in the fired
oil}, or continuously {oxygen in the flue gas and combustion temperature).

Since the success cf any emission monitoring program is critically dependent on
experience, it is recommended that the Refinery acquire a poiable integrated system for
flue gas analysis and short term monitoring. Such a systern will measure sulfur diexide,
nitrogen oxides, carbon monoxide, carbon dioxide, temperature, stack draft, and efficiency.

It also will test the smoke. This system would permit the refinery tc develop initial skills

in monitoring. Even more important is that in using this portable system the. refinery would
be able to accomplish a detailed emissions audit of ail their sources, such as boilers and
heaters and obtain important data on emissions before the first stationary CEMS is started
up. The total guantitative picture of major emission components produced by the refinery
poilution sources wouid permit the refinery to develop a first round comprehensive program

of pollution reduction methods which might significantly reduce air pollution through better.

contiol of combustion and better maintenance of equipment.

High Flare Monitoring

The Gdansk Refinery has a probiem monitoring flow in the flare header to the high flare.

Monitoring this stream which relates directly to emission release from the flare is a problem

which has. not been entirely solved in the US. Television monitoring is a w;deliy used -

practice in the US. Further study is suggested for Gdansk in the area of measurement and

control of the flare header flow.

P
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Section J

ENERGY EFFICIENCY IMPROVEMENTS

IMMEDIATE OPPORTUNITIES

Institute a "Material Control Committee” responsible for identifying ‘and reducing -

hydrocarbon losses to more acceptable leveis.

Use a variable frequency drive on a trial basis in a high pressure drop control valve service
1o reduce excessive pump power needs,

Alternatively, trim the impellers on the pumps that deliver excessively high heads to reduce
control valve losses,

Test the reduction of stripping steam rates 1o the atmospheric and vacuum tower bottoms
together with increased bottom side stream off-takes. This should have very little effect
on product quality. '

Commission a study for minimizing waste heat boiler tube corrosion problems that lead to
long term losses when the boilers are out of service.

Consider a short term test, decreasing the desalter water application while using an

improved demuisifier at the same time. The aim is to minimize water injection without

affecting salt reduction.

Investigate the economics of using power recovering turbines in high pressure drop liquid
let down service in the gas oil hydrotreater.

Insuiate bare piping, fittings, pumps, etc., where service temperature exceeds 65°C. '

However, the flanged joints in the hydrogen service must be left bare for safety reasons.

tmplement an effective eductor or compressor system for recovering waste gas leakage

to the flare header.

Commission an examination and study of the vacuum heater refractory insulation for an

optimum correction of hot spots.

Commission an expert tray design analysis to determine the cause of poor fractionation and
provide alternatives for minimum cost correction of the problems.

Develop a heat exchanger monitoring system, that will follow fouling trends and measure
the effectiveness of performance to optimize cteaning schedules.

Acquire low cost refinery simulation software to improve in-house studies for evaluating

energy recovery projects.
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Section J

Acquire suitable linear programming (LP) software for performing refinery operations
optimization studies.

Acquire or develop a maintenance contro! program for ali process 2quipment.

Arrange for the training of a qualified staff member in the techniques and use of "pinch”
technolegy.

Study the potential benefits of a preflash system before the crude tower using process
simulation and "pinch” technology.

Arrange for qualified staff to attend short "professional advancement” courses on fired
heaters, advanced control systems, environmental and loss control etc. as appropriate.

Acquire a portable flue gas analyzer to aid in heater control improvements.

Acquire a non-contact industrial thermometer to aid in menitoring hot spots for
maintenance correction and energy savings.

Evaluate the possibility of converting to a high/low pressure flash system for the Gas O
Hydrotreater. Conduct a similar review for the Naphtha Hydrotreater unit.

MEDIUM TERM OPPORTUNITIES

Evaluate the replacement of the existing rotors in the Ljungstrom air preheaters with the
corrosion resistant rotors.

Bypass the air cooler in the vacuum unit top pump-arcund-and extend it 1o the raw water
heating service during the winter and/or to PDA unit propane evaporation duties.

Commissicn a detailed study for converting the Di-Me air condenser to a titanium tubed
water cooled condenser to control the current severe corrosion difficulties and the high air
fin bundle replacement costs and to provide additional cooling and better temperature
control.

Commission a study/evaluation to determine the best impiementation of an advance control
scheme and instrumentation for process operation optimization.

Consider the merits of a crude receiving custody transfer installation.

Commissicn a study of the strategy and instrurnentation necessary for tank farm
management to minimize loss of crude oif and products.

J-2




Section J

Commission a study for inter-unit product transfers and their accounting to help control oil
loss.

Arrange for appropriate staff to attend short term business management: courses 1o getan
introduction to Western practices, methods, and techniques.

Investigate the repair or replacement of the power boilers soot blowing systems.

Study the addition of a vacuum pump to replace the steam vacuum jets in the normal
operation of the vacueum unit.

LONG TERM OPPORTUNITIES

Study the conversion of direct fired heaters in PDA and furfural services to a high
efficiency hot oil system with a cost/benefit analysis.

Commission a study for visbreaking vacuum residue to a lower viscosity fuel-oil with the
recovery of lighter products.

Commission a sti.zdy for the conversion of the uitraforrmer (when retired from service) to
pentane/hexane isomerization service. Amoco has done this.

Commission a study to evaluate the refinery needs for modern analytical equipment in the
central laboratory to aid in energy and product improvements.

Procure numerical contro! units for the maintenance shop and write programs for time
consuming tasks such as tube sheet drilling.

J-3



J. Eneroy Efficisncy lmprovement

1. Immediate Opportunities Gdansk Rufinery

Description Cost Pay-Off N

Institute a "Material Control Committee” responsible for _ _Negligible, considered to At 3 600 QGO

carefully examining all aspects of hydrocarbon movements and be a normal extension of | tonies/year capacity and

processing to satisfactorily help ciose the mass balance for ali Refinery Management $150/tonne crude value

operations and identify the points of all losses. and operational $45 000 per 0.01%
responsiblilities. decrease in refinery

Controi and minimize losses through a practical loss prevention losses reported

strategy and monitor the resuits on a continiting basis.

émg;
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Immadiate Opportunities

Gdansk Refinery

Description
Test the performance and effectiveness of variable speed
drives on selected high pressure drop pump circuits using
variable frequency control.

Select situation(s) where the control valve pressure drop
approximates 30% of the total pump head at normal flows
which would rise to 50% or more at a reduced 85% capacity
rate or lass,

Note:

Suggest a crude unit feed pump trial and if the experience is
satisfactory extend the procedure to other appropriate
applications.

Material cost information:

Allen-Bradley Chicago
2 July 1991

§Qk:

Material = 89 000
Installed = $11 500
{(@1.25 Factor)

200kw
Material = $31 000

Instailed = $38 750

Pay-Off

Power cost use
= $0.06/kwh

50kW

®30% cv loss = 15 kw x
24 x 330 x 0.05 =

$7 128/year

Payout = $11,500/7128
= 1.61 years

50 kW @ 50% cv loss
Payout = 0.97 years

200kw Pump
@30% cv loss Payout =
1.36 years

@50% cv loss Payout
0.82 year

r uonoag



J. Effici Impr:
1. Immediate Opportunities Gdansk Refinery
Cost Pay-Off

Description

- Trim selected pump impellers where excessive control valve Approximately 40 man hours Power cost use =

pressure drop is observed to a minimum ©.1 MPa pressure or $500 per impeller $0.06/kwh
drop at design flow rate. if the total head can be reduced 10% | ' '
the energy savings wili be significant. . : 50kw
: 5 x 24 x 330 x
Note: Crude and vacuum unit feed pumps are the best $0.06/kwh = $2376/year
candidates,
Payout
= 0,21 years
= 11 weeks
200kw Pump

20 x 24 x 330 x $0.06
= §9 504/year

. ' ' ' Payout
- 0.0526 years
2.7 weeks

BN
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J Energy: Effici m n
1. Immediate Opportunities Gdansk Refinery
Description Cost _ Pay-Off 7
Consider a short term task of ieducing the stripping steam ri ‘e | Negligible but allow $5 000 LLP Steam: $6.61/tonne
to the atmospheric bottoms from 3.5% to approximately 2.0% | for increased laboratory
testing
Investigate the degree of overflash and/or offtake of the
atmospheric gas oil.
The objective is to reduce the steam Injection rate without
significantly affecting the product quality. Value
= 1.7 x $6.61 x 24 x
Expected savings up to 1.7 tonnes/hour steam. 330
' = $151 295/year
Note:
Similar test also applicable to the vacuum tower. Payout
= 0.033 years
= 1.7 weeks

r uonoeg
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nerg 1£i Vi

Immediate Opportunities

Gdansk Refinery

.ﬁmﬂ

Description

Commission a study to lessen corrosion effects in the fuels
and lube plant waste heat boilers that result in approximately a
12 month period of downtime for retubing.

Loss of LP steam is approximately 100 tonines/day.

Cost
LP Steam
$6.61/tonne

$6.61 x 100 x 330
= $218 130 year/unit

Pay-Off

Indeterminate depending
upon study results and
recommendations.

' uonseg
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J. Enerqy Efficiency Improvement

1. Immediate Opportunities Gdansk Refinery

Description Cost Pay-Off

Consider a short term test program, for a step wise decrease iln Negligible, but budget $5000 | Fuel:

desalting water, together with laboratory advice on for extra lab work and $113.15/tonne @ 9.5 x
optimum/economic selection of demulsifier agents. engineer's time 10° kcal/tonne

Note:

A 1.0% decrease from the current 5.0% water injection rate A 1.0% decrease

for a crude run of 270 tonnes/hour will save approximately 2 : 243 000/(9.5 x 10°% x
700 x (110-20) = 243 000 kcal/hour 113.15

} = $2.89/hr x 24 x 330
$22 923/year

Payout = 0,22 years
= 11,3 weeks

w
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J. Energy Etficiency Improvement

1. immediate Opportunities

Gdansk Refinery

Description

Investigate the economic feasibility for an effective power
recovery from the high pressure liquid let-down in the gas oil
hydrotreater.

Flow: 70 m*/hour at 25 bar op

Theo kW = 70/.227 x (25 x 14.5)/1713 x 0.75
= 48,9 kW

Assume 70% effictency = 34.2 kw

Budget -

Cost

Hold until suitable machine for
the service can be identified.

Power:

ay-off

$0.06/kWh

Savings:
34.2 x 0.06 x 24 x 330

Payout:

$16 250/year

Hold

N
q
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Energy Efficiency Improvement

Immediate Opportunities

Gdansk Refinery

Description

lnsulate bare pumps, valves, piping etc. and jackets with
aluminum jacketed insulation where process temperature
exceeds 65°C.

Cost

1.0 m? each

instalied cost at $210/m? =

$10 500

Approximately 50 items at

At average process
temperature = 150°C
heat loss with 3 m/sec
wind approximately 3200
kcal/m? = 160 000
kcal/hour

Fuel:
$113.15/tonne @9500
keal/kg

Savings:
160 X 113.15 x 24 x
3309.50 = $15 093/year

Payout: = .7 years

Pay-Off N

r uonoas
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En Efficiency Improvem

Immediate Opportunities

Gdansk Refinery

Implement an effective eductor or compressor system to

Description

recover an estimated 400 nm*/hr of flare gas leakage or
spillage that is currently wasted, At an estimated MW = 16
and LHV = 12 000 kcal/kg savings ave projected at:

400/22.4 x 16 x 12 000 = 3.43 x 10° kcal/hour

Cost

Budget:

$50 000 for eductor system
if found feasible for G.0
hydrotreater 2-stage flash
revamp or $250 000 for a
compressor, surge tank and
controls to fuel gas system.

Pay-Off

Fuel:
$113.15/tonne @9 500
kcal/kg

Savings:
3.43/8.50 x 113.15 x 24
x 330 = $323 557/year

Payout: 0.15 - 0.77

vears
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J. Energy Efficien

1. lmmediate Opportunities

Gdansk Refinery

Description
Commission a detailed examination and study for determining
the heat losses sustained in the vacuum heater due to poor,
inadequate or improper installation of insulation and firebrick.
Costs for renewing, in accordance with modern practice 10 be
astablished,

Maximum temp (convection section) = 110°C
Average temperature assume 70°C
Predicted heat loss (ambient) 225 btu/Hour ft?
Wind factor average 4.0 m/s = 2
Total surface 12.4 x5 x 20.4 m = 7 600 ft?
Heat loss expected:

3 420 000 btu/hour = 0.86 x 10° kcal/hour

Cost

Undetermined until study
is completed

Fuel: $113.15/tonne

Pay-Off

Total loss:
0.86/9.5 x $113.15 x 24
x 330 = $81 125/year

Assume 75% reduction is
possible

Net loss: $60 800/year

famg £3
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J. Energy Efficiency Improvemen
1. Immediate Opportunities Gdansk Refinery
Description _ Cost Pay-Off i
Commission an expert tray design analysis for the vacuum Budget Undetermined

tower operations with present crude mix vapor/liquid loadings
and determine the cost of any improvements that may be $ 5 000 to $10 000
recommended.

Objective:
improved preduct quality and possibly reduced stripping steam

Note:
Structured packing in critical zones is being considered.

pi-l
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Energy Etficiency Improvement

Immediate Opportunities

Gdansk Refinery

Description

Investigate the potential for the gradual replacement of

existing heater burners with high efficiency low NO, burners

Objective:
Improved airffuel control

Decreased NO, emissions as more strict environmental
regulations are enforced

To be implemented upon positive cost/benefit results or when
environmental concerns dictate.

Cost

Budget $5000 for study

undetermined until study
completed in respect to
impiementation

_ Pay-Off

To be established by
study

[ uonoas



J.  Energy Efficiancy Improvemen )
1. Immediate Opportunities Gdansk Refinery
Description _ Cost _ _ ~ Pay-Otf
Develop and institute a heat exchanger train temperature and Minimal Undetermined but an
pressure monitoring program to detect fouling rates so as to improvement upon
optimize anti-foulant injection and/or cleaning periods. existing practice
Note:

Can be Incorporated into the expanding TDC-3000 system

ai-r
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J. Energy Efficiency Improvament

1. Immediate Opportunities

Gdansk Refinery

Description

Action: Sponsor a study to evaluate process engineering
simulation programs, including a heat exchanger net-
work pinch analysis.

Benefit:  Provide an ability to simulate and/or calculate com-
plex refinery chemical engineering operations. To
simulate crude and vacuum columns with different
crude oils; to simulate and optimize operating
conditions, to use high speed computer caiculations
of unit operations so as to quickly understand and
solve operating problems.

Supplier of Simulation: "Hysim" - Hyprotech, Chem Share,
Aspen Sim-Sci or equivalent.

Supplier of Study: Engineering design firm of appropriate
background. John Brown/Davy McKee
would be pleased to be considered for this
program.

Cost

Study Cost- $110G00

Pay-Off

Immediate

R T
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Enerqy Efficiency improvement

Immediate Opportunities

Gdansk Refinery

8i-r

Descripton

Acquire a suitable refinery linear program (LP) software, such
as "PIMS", to enable the reliable modelling of the refinery and
eventually the total complex. When completed (allow 6
months) the model will permit a systematic approach to
optimizing operations with regard to feedstock/processing
costs and product marketing realities.

As experience is gained, the model can be utilized to study,
analyze and identify:

1) areas of existing deficiencies
2) means of maximizing product profitability
3) optimum modernization possibilities.

r————
Buet:
Software: $50 000

Staff: 2 man years assumed,

total cost estimated at
$100 000

Pay-Off

Undetermined, but at 3
million tonnes per year
crude throughput at $150
tonnes

$450 million/year

$100 000 represents
0.022% of crude cost.

Experience indicates
average improvements of
10% in operational
profitability can be
achieved using LP
techniques

r uonoag
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J. Enerqy Efficiency Improvement '
1. Immediate Opportunities Gdansk Refinery
Cost _ _ ay-ff -

Decrption

Deveiop or acquire a maintenance history program or a more Budget: Undetermined but

sophisticated history, scheduling, spare part catalogs/inventory established as a cost

repair method work order, etc. program to monitor and initiate Minimal to $50 000 effective procedure in
a more effective preventive maintenance system for process modern maintenance

equipment, operations.

Objective:

To better track equipment problems and devise strategies to
reduce down time and the expense of equipment failures
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Energy Efficiency Improvement

immediate Opportunities

Gdansk Refinery

imﬂ

~ Description

Arrange for the attendance at a Linhofi- March "Pinch"
technology training seminar at a European location for a
qualified engineer fluent in English.

The aim will be to assess existing heat exchange networks for
improvements te higher energy efficiency and to pass on the
instruction received to other staff members.

Cost

5 day course approximately
$2 500

~ Pay-Off

Undetermined but nearly
immediate upon the first
improvement implemented

 uonoag
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J. Energy Efficiency Improvement

1. Immediate Opportunities

Gdansk Refinery

Anzn £

Description _

Allied with the "Pinch” technology training experience,
commission an engineering/cost study for evaluating the merits
of installing a prefiash tower before the crude distillation
tower. This could also involve consideration of an aiternative
to hydrotreating the total overhead naphtha stream and the

light end refractionation scheme,

Cot

Budget: $5 000 - $10 000

Py-Of

Undetermined but the
objective is more effective
crude preheat system,
recovery of heat from
product stream, and
minimizing refractionation
of light ends

r uonoag



J Energy Efficiency improvement

1. Immediate Opportunities

Gdansk Refinery

Descrition

Arrange for suitably qualified staff with appropriate language
capabilities to attend short refresher courses in "Professional
Advancement” such as those conducted at the Amsterdam
RAI by qualified US/European instructors. Subject to
availability, courses could include:

Fired heaters

Advanced control systems

_ Environmental and loss controi
) Engineering computing
Refinery management

Product quality control

Project estimating, etc.

Objectives:

To introduce participants to state of the art techniques,
methodologies and practices in their specialties. Also to
provide an important contact with Western colleagues.

Budget:

Allow $2 500 per course.

Suggest an initial trial of 5
courses for evaluation of
benefits

Pay-Off

Undetermined, but would

“expect a pay off in one

year through improved
competence and
awareness.

[ uonsag



J. Energy Efficiency Improvement

1. Immediate Opportunities

Gdansk Refinery

Description

Action:

Portable flue gas analyzer to measure, record, and monitor NO,
{or NO), 80, (or SO,), CO, CO,, 0,, flue gas temperature, flue
gas particulates.

Benefits:

Expedite air pollution sources audit, expedite improvements of
combustion efficiency, and verify operation of stationary flu
gas analyzer

&
)
)

Supplier:
American Gauge Corp. (available through RAECO)

$6 000

Cost

$12 000 (advanced model)

Pay-Off

Undetermined

e

s

= 138% 017N




ve-r

S

1.

Engrgy Efficiency Improvement

immediate Opportunities

Gdansk Refinery

Description

Action:
Purchase a non-contact industrial thermometer, such as a
model 514L Thermo Hunter pro

Benefit:

Allows maintenance crew 10 measure surface temperature and
determine hot spots for energy audits and trouble shooting
surveys, thereby leading to energy savings through instaliation
of additional insulation,

Supplier:
Capintee Instruments, Inc.

Alternative:
Infra-Red Photo Scanner for "Before and After”
documentation purposes,

$1 600

Cost

Pay-Off

Less than one year

~ Uonoac



J Energy Efficiency improvements
2, Medium Term Opportunities Gdansk Refinery
l escription Cost B _ Pa-Of
Reunlace Ljungstrom air preheater Budget: Based on 240 month term carbon steel:
plates with stainless steel, or equal
corrosion resistant plates in the Carbon steet $100 000 each Units 240/36 x 2 x $100 000 = $1 333 323
two power boilers. 36 month life
installation costs:
Stainless steel $250,000 240/36 x 2 x $20 000 = $266 660
each 240 month life
¢ Reference: Tota! expenses = $1 600 000
N Tel contact with Ljungstrom | Installation cost:
$20 000 each {estimated) Stainless Steel Units = 2 x 250 000 = $500 000
installation cost 2 x $20 Q00
Total expense = $540 000
Savings 1 060/20 years = $53 000/year in favor of
stainless steel
Note: This simple analysis excludes:
1. Financial Discounting
2. Energy losses
¢
4
¢
c
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Energy Efficien

Medium Term Opportunities

Gdansk Refinery

Description

Bypass the air cocx in the vacuum unit top pump- around
circuit and extend to:

1)

Raw water preheating during the winter 5-30°C x 210.0
m3/hour

= § 250 000 Replaces LP steam kcal/hour estimated
exchanger surface - 2200 ft?

2)

PDA C; evaporation estimated duty recovery potential =

3 500 000 reduce fired fuet demand 75% estimated kcal/hour
exchanger surface = 5 000 ft?

REF "Richardson” heat

Cost

exchangers use:

1. $25/ft* FAB x 2.5
= jnstalled total
= $137 500

2. $25/ft* FAB x 2.5
= jnstalled total
= $312 500

Pay-Off

LP stm = $6.51/tonne

Use:
625 kcal/kg condensing
duty

1}

5 250 000 x 6.61
625 x 1000

= $55.52/hour x 24 x
330

= $439 750/yr

Payout = 0.313 years
Fuel = $113.15/tonne
2)

3500 000 x $113.15
9500 x 1000 x 0.75

= $55.58/hour x 24 x
330
= $440 213/yr

Payout = 0.71 years

r uonoasg
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Energy Efficioncy improvement

2. Medium Term Opportunities

Gdansk Refinery

imﬁ

Description

Commission a detailed study and corrosion tests for replacing

the air fin Di-Me condenser which is suffering severe chloride
corrosion (3 year life) with a titanium tubed water cooled
condenser. Evaluate the material suitability and costs.
Preliminary indications for verification are:

air fin bundle replacement cost = $177 000
Life 3 years

Titanium condenser instalied = $500 000
Life {estimated) 15 years

Note:
The considerable space saving would also be useful.

Cost
$59 0CO/year

$33 000/year

Pay-Off

Indicated simpie savings:
approximately
$25 000/year
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famg £3

J. Eneray Efficiency Improvement

2, Medium Term Opportunities

Gdansk Refinery

Cost a-ff

Dscription _

Up to $100 000 per source, Depending on regulations
capacity depending on the updated and penalties
National rules and regulations

Continuous emissions monitoring CO, SO, NO,, CO, or O, and

Suppliers:
Lear Siegler, Anarad, Rosemont
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J. Eneray Efficiency Improvement
2. Medium Term Opportunities

Gdansk Refinery

Description
Action:
Commission a study to determine the best implementation of

advanced controi instrumentation and schema for optimizing
process operation.

Benefit:
Results in improved energy efficiency and product consistency
any vield."

$250 000

Cost

Pay-Off

To be evaluated

r uonosg
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2.

Energy Efficiency Improvement

Medium Tarm Opportunities

Gdansk Refinery

&mﬁj

~ Description

Action:
Purchase portable air analyzer mode! "Scentoscreen”

Benefit:

Measures total hydrocarbons and votatile and semi- volatile
organic compounds such as gasoline, benzene, toluene, ethyl
benzene, xylene, C, - Cq, etc. components in air and in water
samples. Will permit the audit of hydrocarbon leakages in
cooling water and condensate return systems, leakages in
tank-farms and air pollution.

Supplier:
Sentex Technology, Inc.

Under $12 000

Cost -

Pay-0ft

Less than 1 to 2 years

£ uonoeg
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J. Energy Efficiency Improvement
2. Medium Term Opportunities

Gdansk Refinery

Description

Custody Transfer installation {crude receiving) transportable

meter prover with trailer {No truck).

Suppliers:
Xelix, Brooks, or Daniels

_ Cost

$200 000 to about $350 000

av-Off

Undetermined

[ uoioag




ze-r

J.

Eney ficlency Improver

Medium Term Opportunities

Gdansk Refinery

Description

Action:

Attendance at education/training seminar related to US
practices of continuous emissions monitoring and related
instrumentation.

Benefit:

Resuit will be improvements in current practices of continuous
emissions monitoring and savings due to purchasing proper
instrumentation.

Cost

Sending US instructor to the
refinery $5 000

Undetermined

Pay-ff

[ uodeg
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J. Energy Efficiency improvements
2. Medium Term Opportunities

Gdansk Refinery

Description

Action:
Commission a study to evaluate the best strategies and
instrumentation for tank farm management

Benefit:
Elimination of unnecessary losses of crude and oil products

Cost

Undetermined

Pay-Off

Undetermined

[ uoNO9S
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Etficiency Improvemean

Medium Term Qpportunities

Gdansk Refinery

Anmn £

Description

Action:

Commission a study to evaluate the best strategy and
instrumentation for inter-unit product transfer and accounting
there of. This study should account for any pending
organizational changes in the refinery.

Benefit:
Reduction of unnecessary losses of products.

Cost

Undetermined

Pay-Off

Lindetermined
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J. Energy Efficiency Improvement
2. Medium Term Opportunities

Gdansk Refinery

Description

Arrange for appropriate gualified staff to attend a short term
course in Business Management at an approved or certified
institution in the USA or Europe.

Obijective:

To acquaint East European managers with modern business
practices, methods, and techniques and to provide the
opportunities for useful contacts and bonds with their Western
counterparts.

Budget:

Assume 2 to 3 month
courses and 3t0 5
participants over a two year
period at

$10 00G/month

$60 000 to $150 000
{estimated)

Undetermined, but should
contribute to and improve
refinery organization,
efficiency and potentiaily
its profitability

daxn £3
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En Efficiency Improvem

Long Term Opportunities

Gdansk Refinery

fama £

S ——

Derition 7

Reptace existing individual heater services in the propane
deasphaiting unit (2 off) and furfural unit (2 off) with a single
hot oil heater and circulation system rated for 315°C

Total duty 1920 (use 70% capacity level)
PDA 127 479 tpy x 298 600 kcal FO/t = 38 060 x 10°
keal/vear

Furfural 451 094 tpy x 281 500 kcal FO/t = 126 974 x 10°
kcal/year

Total fired duty = 165 034 x 10° kcal/year

24 330 0.7 = design at 29.8 x 10° kcal/hour expect to
achieve a 5% efficiency increase

Savings = 0.05 x 38 060 x 10%0,7 = 11 788 x 7 ® kcallyear
FO at 9 500 000 kcal/tonne = 1 241 tonne/year

Recommended more detalled Engineering study to establish
proper feasibility parameters and costs.

Cost
Expected

$1 000 000+

Pay-Off ,
Fuel oil = $113.15/tonne

Savings = 1 241 x
$113.15

= $140 400/year at 5%
efficiency improvement

Would need 10-15%
improvement for viability
by this initial assessment
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J. Energy Efficiency Improvement

3. Long Term Opportunities Gdansk Refinery

Description

Commission a study regarding visbreaking vacuum residue for
viscosity reduction leading to decreased fuel oil heating for
firing and/or improved steam atomization and firing efficiency $25 000
plus recovery of valuable lighter products.

Cost Pay-Offt

Budget Undetermined
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J. Energy Efficiency Improvement

3. Long Term Opportunities

Gdansk Refinery

Description Cost
Commission a study to evaluate the impact of converting the Budget $25 000
spare catalytic reformer to Cg/C,4 isomerization

Note:

1}

This study is not required until the new reformer is contracted
or the ultraformer is retired from service. Amoco has done this
and might be a source of information.

2)
An LP program would be extremely helpfuf for this analysis.

Pay-Off

Uncertain but could lead
to product quality
improvements or decrease
in TEL additions
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J. Energy Efficiency Improvement
3. Long Term Opportunities

Gdansk Refinery

Action:

Description

Commission a study to evaluate the refinery needs for modern
analytical equipment for the Central Laboratory and modern
on-line analyzers.

Benefit:
Results in improved energy efficiency and product yield and
consistency.

$25 000

Cost

Pay-Off

Undetermined

" uonoasg



Section K

K. ENVIRONMENTAL EMISSIONS REDUCTIONS

1. IMMEDIATE OPPORTUNITIES AND IMPLEMENTATION ACHIEVED

© Investigate the economics of gradually converting to high efficiency, tow nitrogen
oxide burners. If found to be feasible, this will result in improved air/fuel controf and
reduced nitrogen oxide emissions.

4 The energy saving recommendations in Section J to install an effective eductor or
compressor system in a flare gas recovery system will also result in reduced
emissions.

. Acquire a portable volatile organic analyzer to allow the plant to identify areas of
product loss. Data accumuliated from a volatile organic compounds survey of the
entire refinery will allow for a logical plan of organic emission reduction.

. Establish a hydrocarbon material controi committee to identify possibilities for
deducing emission losses.

2. MEDIUM TERM OPPORTUNITIES
Install pumps and pipeline to recover water from waste treatment outfall and direct this to
the cooling water systems. This eliminates a requirement for cooling water make-up from
the Vistula River which is limited by agreement with the water use authority.

. Attendance at training seminar related to US practices of continuous emissions
monitoring and reiated instruments.

L] Acquire continuous emissions monitoring analyzer for environmental control.
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1. Immediate Opportunities Gdansk Refinery

Description Cot _ o Pay-Off
Investigate the potential for the gradual replacement of Budget $15 000 for study, To be established by study
existing heater burners with high efficiency low NO, burners benefit undetermined until
study completed in respect 1o
implementation

Objective:
Improved air/fuel control

Decreased NO, emissions as more strict environmental
regulations are enforced

(A

To be implemented upon positive cost/benefit results or when
environmental concerns dictate.
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K. ENVIRONMENTAL EMISSIONS REDUCTION RECOMMENDATIONS

1. Immediate Opportunities

Gdansk Refinery -

Aang £

Action:
Purchase portable air analyzer model "Scentoscreen”.

Renefit:

Measures total hydrocarbens and volatile organic compounds
{(VOC) such as gasoline, benzene, toluene, ethyl benzene,
xylene, C, - C4, etc., components in air which are fost to the
atmosphere. Data accumulated from a VOC survey of the
entire refinery will allow for a logical plan of reduction.

Supptier:
Sentex Technology, inc.

Descriptiun
L

_ Cost

Under $12 000

Pay Off

Less than 1 to 2 years
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K. ENVIRONMENTAL EMISSIONS REDUCTION RECOMMENDATIONS
2, Medium Term Opportunities

Gdansk Refinery

fama Y

Dscription 7

Action:
Attendance at education/training seminar on US practices of
continuous emissions monitoring and related instrumentation

Benefit:

Improvement in current practices of continuous emissions
monitoring and savings due to purchasing proper
instrumentation.

Cost

Sending US instructor to the
refinery $10 000 - $15 000

Undetermined

P-Off 7

M uonoseg



2. Medium Term Opportunities

K. ENVIRONMENT AL EMISSIONS REDUCT RECOMMENDATION

Gdansk Refinery

Dscription

Centinuous emissions monitoring CO, SO,, NO,, C0, and O,

Suppliers:
Lear Siegter, Anarad, Rosemont

N

Up to $100 000 per source,

Cost

depending on the updated
National rules and regulations

Pv-Off

Depending on regulations and
penalties

3 uonNag
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Appendix A

APPENDIX A - EXTRACT FROM CHARACTERIZATION REPORT

2.

2.1.

GDANSK REFINERY WORKS - GDANSK, POLAND

Address: Gdanskie Zaklady Rafineryjne
80-718 Gdansk
ul. Eiblaska 135
Foland

Telephone: 388100
Telex: 0512278

Contact: Marek Sokolowski
Technica! Director

Summary Description of Refinery

The refinery is located north east of the city of Gdansk. The original refinery was a
hydroskimming plant designed to produce gasoline, distillates, and residual fuel oils. it was
erected in 1973-1975. A year later construction was started on facilities for lube oils and
asphalts production.

The Port of Gdansk is available for importing crudes from the Middle East, the North Sea,
and other areas of the world. It handles ships up to 150 000 tonnes and is limited by the
water depth of the shipping tanes through Skagerrak and Kattegat in the North Sea. The
refinery also can be supplied with Russian crude via pipeline through a branch from the
Friendship Pipeline as it passes through Poiand on its way to Germany.

The lube and hydroskimming facilities are integrated from the standpoint of flow and stack
gas heat utilization. Facilities are provided for cooling the products from the hydroskimming
units to rundown temperature. This permits the independent operation of the fuel oil block
while the lube facilities are shut down. The processing scheme and selection of processes
was done by Bipronaft which also arranged for purchase of the licenses. The basic design
was done bv Snam Progetti and the detailed design was done by Bipronaft together with
other specialized engineering companies for civil and other work.

The Gdansk refinery design capagcity is 3 160 000 tonnes per year with an on-stream
factor of 328 days assuming the foliowing crude to be processed:

Kuwait Crude 1 340 000 tonnes/year
Zakum Crude 1 820 000 tonnes/year
AP-A-1
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Appendix A

The refinery suppiies slack wax to the southern refineries for further processing to finished
waxes. In most cases, this consists of clay treating for color improvement. Considerable
shipping and handling costs could probably be saved if the wax were finished in the
(Gdansk refinery.

The block flow diagram of the refinery is shown in Figure No. 3. Table C.2.1.7 shows the
process units within the refinery. Table C.2.1.2. shows production-case overall material
balance for the refinery using the foliowing crudes: Russian, Kirkuk, Iranian Light, Oseberg,
and German.

Tabie C.2.1.1 - Refinery Units

Units Date Dasign
Operational Capacity
{tonnes/yaar)

Atmospheric Distillation 1974 3 130 COC
Kerosene Sweetening {Merox) 1974 27 400
HDS & Splitting Light 1974 876 300
Distillates
Catalytic Reforming 1974 413 000
H.S Recovery (MEA) 1974 103 300
Sulfur Recovery - Ciaus 1974 4 243
Process
Gas Oil Hydrodesulfurization 18974 531 000
LPG Recovery 1974 B8 400
Vacuum Distiliation 1876 1 267 600
Biturnen Blowing & Blending 1876 174 700
Propane Deasphalting 1976 289 200
Lube Qif Hydrofinishing 1976 1 400 000
Furivral Extraction 1976 515 800
Di-ME Dewaxing 1976 348 400

The units are conventional except that the flue gas ducts from the furnaces are integrated
for heat recovery ar.d heat exchange is provided for the operation of the fuels biock of the
refinery while the lube block is shut down. The lube block can alsoc be operated
independently of the fueis block, except that no hydrogen is available when the catalytic
reformer is shut down. Naphtha storage is provided so that the reformer may be operated
when the balance of the fuel refinery is shut down.

AP-A-2
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Appendix A

Table C.2.1.2.
Material Balance - 1990
input Tonnes/yaar
P
USSR crude 433 017
Kirkuk crude 589 878
Iranian crude 841 941
Oseberg crude 185 605
German crude 25 059
Stops 44 967
TOTAL 2 170 467
Outputs * Tonnes/year

Propane 11534
Butane 27 99¢
Light Gasoline 75 276
Reformate 285 431
Heavy Naphtha 37 363
Jet Fuel 68 862
Desuifurized - Gas Qi 397 301
Solvents 169 698
Slack wax 45 561
Extracts 207 851
Bitumen 65 948
Fuel Oil 354 939
Sulfur 2 765
losses 25 644
Misc. small volume 384 495
products; fuel, slops,

stc.

TOTAL 2170 467

* Qutputs shown are for major streams only.

AP-A-4




2.2,

Appendix A

Utilities, Services, Off-sites

Flectricity Generstion _and_Distribution

Power is supplied to the Gdanzk refinery from an external network by 110kV overhead
lines. Each line has the capacity to feed two transformers.

Three main transformers, 20MVA, 110 Kv primary and 6kV secondary, provide medium
voltage to the refinery for its 6 Kv drives and power distribution to 31 local substations.
Two main transformers are aiways in operation and a third transformer is used as a spare.
Currently, transformers are working at 50 percent load. One transformer at 100 percent
load can satisfy the refinery power requirements.

Steam Generation and Distribution

There are three fuei-oil fired boilers for steam generation. Each boiler has a capacity of 160
tonnes per hour and a minimum rate of 32 tonnes per hour. Information on the steam
system is summarized in Table C.2.2.1.

Table C.2.2.1.
Steam System

Stream Pressure (MPa) Temperature (°C)
Pressure ) . . .
Min Norm | Max | Design Min Norm | Max | Design
b |
High 7.0 7.5 8.4 7.5 480 510 516 510
Medium 1.8 2.0 21 2.0 330 340 360 340
Medium 1.8 2.0 2.1 2.0 230 240G 260 240
Low 0.40 0.45 | 0.73 | 0.50 170 200 220 180

Condensate Collection

Condensate is collected and returned to the boiler feed water system.

Fuel Supply

The fuel for the refinery is refinery gas plus fuel cil with a low sulfur content. This mix
permits the refinery to meet the total sulfur emission specification. If additional qas
becomes available, a higher sulfur fuei oil could be used.

AP-A-5




Appendix A

Diesel fuel is used during start up. An LPG vaporizer maintains gas pressure on the fuel
gas system for pilot lights and other uses. The fuel gas used in the refinery is by-product
gas from the refinery. Propane is used to maintain pressure on the fuel gas system. The
diesel and fuel oil properties are given in Section C.2.9, Tables C.2.9.5 and £.2.9.6,
respectively.

Fresh Water Supply

Raw water intake is located on the Motlawa River and has a capacity of 400 cubic meters

per hour. An analysis of the raw water supply is provided in Section C.2.9:1, Table

C.2.9.1.1.

Raw water treatment includes coagulation, decarbonization, and filtration on a sand and .

carbon bed. This water supplies make-up water for the cooling water system (50 to 60
cubic meters per hour} and the boiler feed water system.

Drinking water is supplied from underground wells. The capacity of the wells is 780 cubic
meters per day.

Water Treatment and Distribution

Water for the boiler feedwater system is demineralized and deaerated. Hydrazine is added -

as needed. The characteristics of the treated water are:

conductivity < 0.3 microS/ecm
Si0, content < 0.02 mg/i

pH 6.5-7.5

0, content < 0.02 mg/!

Part of the deaerated water supplies waste heat recovery boilers installed on fiue gases
from the process fumaces. The balance of the water supplies three steam boilers. An
analysis of the treated boiler feedwater is provided in Section 2.9.1., Table £.2.9.1.1.

Cooling Towers

There are six cooling water towers with forced circulation of 4500 cubic meters per hour.
it is a closed circulation network with a capacity of 5500 cubic meters. The network also
includes sidestream filters, chiorine, inhibitor, and bio-active compounds feeding the
systemn.

AP-A-6



Appendix A

inert Gas

inert gas is produced by propane buming. The characteristics of the inert gas are:

0, content 0.1 % wvol.
pressure 0.7 MPa
temperature ambient

Compressed Air

Compressed air is supplied by two air compressors each with a 4330 Nm?>/h capacity, and
2 reciprocating compressors each with a 1930 m®h capacity. The characteristics of the
compressed air are:

pressure 0.9 MPa
temperature ambient
dew point - 5°C

Crude Qil Receiving

Crude is supplied to the refinery via the crude terminal at Gdansk port or through the
pipeiine from the Plock area.

Product Blending and Shipment
Products are shipped by railroad cars and iank trucks, see Table C.2.2.2.

Table C.2.2.2
Product Shipping Facilities

Product Shipping Method Quantity
_ {tornes/year]
S M ey e

LPG Rail cars BE 700
Gasolines ' Rail cars 1 300 000
Diesal Oil Rait cars 120 000
Biturmnen Rail cars 200 000
Slack wax Rail cars 30 000
Gasoline and Gas Trucks 1 680 000
Oils
Sulfur Trucks 6 CO0
Bitumen Trucks 150 Q00

AP-A-7




Tank Farm

The storage capacity for the refinery is summarized in Table C.2.2.3.

Table C.2.2.3.
Storage Tanks

Tank Capacity
Crude 400 000 m?
Slop 64 000 m?®
LPG 11 500 m?
Gasclines 141 500 m®
Jet 15 000 m®
Diesel Oil 100 000 m?
Fuel Qil 50 000 m°
Lube Qils and 234 000 m*
Bitumen

Fiares, Biowdown. and Dropout Systems

Appendix A

Process off-gases are collected and sent to a 60-meter flare. The flue gases from the
process furnaces are coliected and sent, without cleaning, to a 120-meter stack. Also, fiue
gases from the utility plant are sent, without cleaning, to a 160-meter stack.

Fire Protection

The fire protection system includes a fire fighting water network with hydrants and
monitors, alarm system-control panel, and a control board with room fire detectors.

The fire brigade is fully staffed and equipped with standard fire fighting equipment

including a foam system installed in the storage tank farm.

AP-A-8
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Automation and Control

There are two independentiy operated main control rooms. One control room is for the fuel
block and one is for the lube biock. There are several small local control rooms for specific
units such as the fuels biending plant, finished lubricating oil blending plant, and the filling
stations.

There are two main computers of the H716 type. They are used for the data acquisition,
storage "d management to execute mass balances, prepare daily production reports, and
perform = jministrative work.

A Distributive Control System for process control is being introduced. Currently,
temperature readings are taken for three plant units by a TDC 3000 Honeywell. The
system includes a PC AT B0386 and currently mass balances are calculated. The plan for
connecting other units to the TDC 3000 has been developed.

AP-A-Q



2.3. Chemicals and Catalyst Use

Table C.2.3.1.

Chemicals and Catalysts

Unit

Chemical

Quantity

e . |

Crude caustic 0.01 kgftonne
Furfure! furfural 1.0 kg/tonne
Di-Me C.H.ClL, 0.5 kg/tonne
CH,C 1.6
Hydrofinishing
Lube Oils DEA 0.03 kg/tonne
CoMo catalyst 0.035
ceramic bails 0.001
Gasoline CoMio catalyst 0.01
ceramic balls 0.001556

Gas Oil Blending

Z-20
Z-36
Z-40
{[-country
il-export

0.15 kg/tonne
C.53

1.27

0.08

0.3

Asphait Blowing

tribasic sodium
phosphate
PP-1 catalyst

0.0015 kgftonne
0.009

Catalytic Reforming AK20 0.01 kg/tonne
Polish 0.04

Boiler Feedwater hydrazine 0.38 g/tonne
phosphate 0.8

Potable Water chlorine 3.5 gftonne

Raw Water chlorine 5.0 gftonne

Decarbonated Water chlorine 38.0 g/tonne
lime 170.0
FeSO, 70.0

Service Water chlorine 2.0 g/tonne

Waste Water urea 1.0
WALCO 35.0

AP-A-10
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2.4.

2.41.

2.4.2.

Appendix A

Previous 12 Month Operating History

A summary of operations by month during the year 1990 is shown in Section 2.1., Table
C.2.1.2. The crude unit was shut down during part of May and all of June for the bi-annual
turnaround. In general, the units were scheduled to operate at rates which permit steady
operation, rather than higher rates on a start-stop basis.

During the 12-month period, the tax structure and the government price structure made
it cheaper to import gasoline, diesel, some lubes, and other products than to purchase
them fromn Gdansk. Ships bunkers, which can be purchased from other ports at a lower
cost, did not provide a significant market for Gdansk. Therefore, the refinery was operated
below capacity. In addition, the deasphalter was shut down during the last 12 months due
tc a decreased market for bright stock produced from deasphalted oil,

During the previous 12 months the refinery started to build a service station chain and is
negotiating for the direct sale of jet fuel.

Recent Modifications

A system was installed for using fow pressure gas from the crude tower in the heater.
Special low pressure burners were instalied. Over a three year period, these measures have
reduced fuel consumption by over 25 percent.

Crude Oil Supply

Crude can be supplied to the refinery either by sea tankers via the crude terminai at Gdansk
North Port or by the pipeline connected to the Friendship pipeline from the USSR.

To meet sulfur specifications on fuel oil, it will be necessary to reduce the sulfur content
of crude, to install facilities to reduce the suifur content of fuel oil components, or to
reduce the ratio of high sulfur components to low sulfur components in the fuel. The
current choice is to replace part of the high suifur crude with enough low sulfur crude to
met suifur specifications. The crude mix will consist ¢f 30 percent low sulfur North Sea
and 70 percent lranian Light Crude.

AP-A-11




2.4.3.

2.4.4,

Appendix A

Cperating Experience

There were no unusual operating experiences on the fuel side of the refinery during the last
12 months. There was a planned maintenance shutdown. After 15 years operation, 33
tubes were repiaced in the radiant section and one half of the tubes were repiaced in the
convection section of the atmospheric furnace. No tubes were replaced in the vacuum
furnace. In 1988, new tubes were installed in the naphtha and heavy gas oil
hydrotreaters.

One outstanding event was the development of a2 computer program for monitoring
operations and for scheduling operations using Lotus 1-2-3. The Lotus program as
developed contains almost ali the data requirements for a linear program to optimize the
refinery,

Impact of Crude Cil Change

Incorporation of low sulfur North Sea Brent crude intoc the blend will reduce the suifur
content of the residual fuel oil. It will also reduce the quantity of the residual since the
550 °C + on the Brent crude is about half that of 1990 crude runs and only one-third that
of the design crude mix. Assuming that refinery operations will be limited by light products
sales, as they have been, the refinery will run 5 to 10 percent less crude than is currently
run. The hydroprocessing units and other units down stream of the crude unit will process
roughly the same amount of feed on all light products sales limiting basis; however; the
sulfur content of the feeds and products will be less. The reformer feed will have a
naphthene pius aromatics content which is significantly higher than the design mix or the
current mix; this means that at the same operating conditions, the yieids of reformate and
hydrogen wili be higher and the octane of the reformate will be higher.

If the refinery is able to find a larger market for its products than in the past, it may be
possible that the refinery could run short of downstream capacity. With a crude such as
Brent (0.37 wt% sulfur), it might be sufficient to caustic wash Brent dieset and kerosene
and use the hydroprocessing capacity for other services if biocked out operating is used.
Blocked operation on high sulfur and low sulfur crudes might be attractive. With lower
suifur feeds to the hydroprocessing units, lower sulfur products could be produced;
alternatively, a higher charge rate might be possible. The capacity for the various
scenarios should be determined.

With the new crude mix, the quality of the reformate could improve enough so that future
octane requirements could be met by blending MTBE from the Plock Refinery. The future
gasolines will probably require that there will be some oxygenates content in any case.

All of the varicus possibilities shouid be included in a linear program designed to optimize
operations.

AP-A-12




2.4.5.

2.4.6.

Appendix A

impact of Product Market Changes

The refinery plans to develop 28 retzii stations within a 100 km radius of the refinery. The
first four are scheduled to be build in 1991. The refinery plans to fund these stations from
its own revenues. Currently, a small shop that sells the refinery’s finished motor
lubricating oils is located at the refinery’s headquarters.

It is anticipated that there will be a significant increase in road building which will result
in increased asphalt sales. This will favorably impact refinery economics and make it
possible to use the residue from high sulfur crudes for asphalt. The result shouild be that
processing of lower cost, heavy high sulfur crudes will »e more attractive.

For the export market, lower sulfur distillate products will probably be required. If lower
sulfur crudes are processed, it should be possible to supply these products.

The TEL content of Gdansk gasoline is now toc high for the export market. it is probable
that in the future, unieaded gasoline will be required for both the Polish and export
markets. A scenario could develop in which unigaded gasoline would be sold only in
population centers.

Increased tourism should have a favorable impact on gasoline demand. Gasoline
specifications are discussed in C.2.4.4 and C.2.4.6.

Impact of Legisiation and Social Changes

it is anticipated that the tax structure will be changed so that it will not favor the import
of products over the products from the Polish refineries. This will have a favorable effect
on refinery economics and tend tc increase crude runs.

Free market prices could replace the current low state-dictated prices for heating
apartments and public buildings. The laws could require that much lower sulfur fuels be
burned in high population density areas such as Warsaw. Gas imports could replace part
of the residual fuel oil market.

Rail transport is now subsidized by the government. Slack wax derived from Gdansk is
now shipped to the small southemn Polish refineries for finishing. The slack wax from
deasphaited oil is only clay treated for color improvement; this could be done at Gdansk.
These shipments by rail could be reduced.

It is possible that legislation will be enacted requiring some oxygenate content of gasolines

{(MTBE or alcohols). Export sales to European countries will probably require oxygenate
content. This could impact decisions regarding reforming capacity.

AP-A-13
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2.5.1.

2.5.2.

Appendix A

Environmental Considerations

Quality of Local Environment

Until 1994, the refinery will be permitted to emit up tc 6 400 tonnes per vear of S0,. In
1990 SO,, emissions were 8000 tonnes. The use of 30 percent low sulfur North Sea
crude in the mix will permit Gdansk to meet this emission specification. if more natural gas
becomes available, the emissions could be reduced even more.

Current Emissions Control

NO, is controlled by firing conditions. The refinery does not have coal burning utilities or
processes which emit particulates. There is no problem with CO.

Flows to the fiare shouid be monitored and flare flow reduced to a minimum. The refinery
has proposed a flare gas recovery system. A pitot tube could be used to give an indication
of the flare flow.

In addition to low sulfur content gases, about 180 000 tonnes per year of fuel oil of 3.0
percent sulfur content have been burned in recent years in the power plant. The sulfur
content of fuel oil products and the liquid fuel used in the refinery will be controlled by
blending low sulfur crudes from the North Sea with the higher sulfur crudes from the
Middle East. The sulfur emission will be reduced in proportion to the reduction in sulfur
content of the fiquid fuei. -

The refinery has two APl separators and is installing a third separator to improve the
quality of waste water. The waste water is flocculated, settled, mixed with the sanitary
effluent, aerated, and sent to a large (40 000 cubic meters) stabilization basin. The
cverflow from this basis meets Polish standards.

The solids from the separator following the flocculation step are high in iron due to the
FeSO, used as the flocculating agent. The solids are dewatered to 40 percent solids and
sent to a Lurgi tluidized bed incinerator. The remaining solids, containing 40 percent iron,
are used in land fill. Markets for the solids are be deveioped.

The siudge from boiler feedwater treating is sold for agricultural purposes.

AP-A-14
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2.6.

2.7,

2.8.

2.9.

Appendix A

Refinery Specific Potential and Opportunities for Improvement

Linear programming studies should be made to determine the most economic route to meet
future octane requirements. Alternates are to install a CCR reformer, use MTBE or
alcohols, install Cg and/or Cg isomerization, or to use combinations of these steps. Sale
of virgin naphtha would eliminate low octane material from the gasoline pool and improve
the pool octane.

A study should be made to determine if paraffin production at Gdansk (rather than the
smaller refineries where it is done now) from the available slack waxes would be profitable.

If bright stock can not be sold, as was the case in the last 12 months, consideration should
be given to hydroprocessing the deasphalted oil. By hydrodesulfurizing the deasphaited
oil and biending the low sulfur product to the residual pool, residual fuel sulfur content
would be reduced. This would make it possible to use lower cost, higher sulfur content
fuels. Possibly, the deasphalted unit could be revamped for super critical operation with
C, or C; solvent to reduce the residual quantity and for higher throughput.

Refinery Specific Problems and Trends
The major current problems for the refinery relate to meeting the changing (no lead)

gasoline octane requirement and reducing the sulfur content of products. These have been
discussed in the preceding sections.

Reference to Data Base

The information contained in the questionnaire has been formatted into a computerized
data base, which is the subject of a separate report.

Supporting Plant Data

Table C.2.9.1. Water Analysis - 1980

Table C.2.9.2. Utilities Consumption - 18990

Table C.2.9.3. Characteristics of Crude Qils

Table C.2.9.4. Atmospheric Distiilation Design Capacity
Tabie C.2.9.5. Diesel Fuel Properties

Table C.2.9.6. Gasoline Properties

Tabie C.2.9.7. Fuel Oil Properties

Table C.2.9.8. LPG Properties

Table C.2.9.8. Harbor Characteristics
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Table C.2.9.1.
Water Analysis - 1990
Description Raw Water Semi-Open Treated
Supply Cooling Boiler
Water Feedwater
pH 8.18 7.95 8.20
total hardness as CaCO,;, PPM 256 274 —
calcium as CaC0Q,;, PPM -— 189 -
magnesium as CaC0,;, PPM - 85 -—
P alkalinity as CaCOQO,;, PPM 1.5 1.5 0.05
sulfate as SO,, PPM — 176 -
chloride as Ci, PPM 7.1 132 —
silica ag CiQ,, PPM 10.5 - 0.02
iron as Fe, PPM 0.25 0.08 -
total dissolved solids, PPM - 761 -
suspended solids, PPM m-= - -
turbidity, PPM - - —
conductivity, microMROS/CM 515 — 6.6
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Table C.2.8.2.
Utilities Consumption - 1990
Unit Unit Feed Fue! Oil Fuel Gas Diesel Propane LPS
{tonnes) (tonnes) | (tonnes) Oil (tonnes) { (tonnes} "
(tonnes)
crude distillation 2127810.0 | 21348.0{ 8999.1 74430.0
naphtha recovery 554883.7 7591.0 1871.2
catalytic reformer 337974.1 11816.6 8291.8 12637.0
gas oil 421152.2 2600.3 1 2330.2
hydrotreater
H.S recovery 61074.7 10650.0
LPG recovery 45592.5 11434.0
sulfur recovery 3054.5 168.6
vacuum distillation 907339.7 8562.1 1650.5 297438.0
asphalt blowing 113.0 13849.9 851.0 23905.0.
propane 127479.2 3114.8 294.0 | 16602.0
deasphalt.
furfural extraction 451093.5 11263.3 1224.8 46356.0
solvent dewaxing 284998.1 101.0 249325{i
hydro finishing 195508.3 429.8 12045.0
lube oil
fuel gas §9715.5
inert gas 41716.0
waste water treat. 733.0 1339.0
power plant 86296.0 240.0
others 204262.
0

TOTAL 150867.1 | 29666.8 240.0 7 1734.0 8328265.
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Table C.2.9.2. - continued
Utilities Consumption - 1980
Unit MPS SHHP Cooling Water Electric Energy
{tonnes) | {tonnes! (tonnes) Power {kWh) Cons.
(Gj)
crude distillazion 1139 822754 | 10721208 | 1639893.0
naphtha recovery 2665 740353 6985640 446613.7
catalviic reformer 4062 | 159449 1735082 2634535 | 1481 229.6
gas oil 1314 594882 1028038 | 238926.8
hydrotreater
H,S recovery 29873.2
LPG recoery 781823 2025317 39978.0 |
sulfur recovery 1386551 1391.0
vacuum distiliation ; 100182 9103406 5616235 840238.0
asphalt blowing 462 5404279 19041 3.2
propane 1342 1111410 2936357 240425.8
deasphalt. _ :
furfurai extraction 16201 3705470 1 766568 716758.1
solvent dewaxing 3793 252448 6010068 10985537 | 1543307.8
hydre finishing 15563 2270829 775845 105819.0
lube oil 2723535 289506.7
fuel gas 2205642 124953.7
inert gas 1289490 66718.2
waste water treat. 771478 41695.6
power plant 16044374 | 3638768.2
others 42351 12923 734725.8
TOTAL 188075 1 424820 26876076 75310629 | 1242376 14i
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Takle C.2.9.3.
Characteristics of Crude Qils
' Crude Ott/Characteristics USSR Crudes Acrabian Light franian Light Brant Blend
Density 15°C, Kg/m® (API) 860 {32.9) 852 (33.1} 865 (34.0) 835 (37.9)
Sulfur, wt % 1.45 1.74 1.47 0.37
Water, wt % 0.23 Q.12 0.14 0.36
Chiorides, MgNaCl/kg 15 108 88 24
iBP, °C 15 59 45 38
Yields: under 80° wt % 7.28 4.92 7.68 8.8
80-15G°C 16.50 10.44 10.84 135
150-180°C 5.05 5.34 5.32 5.1
180-200°C 3.30 3.31 3.21 3.4
Z200-350°C 25.42 27.01 24.52 26.8
350-520°C 23.7% 27.31 28.01 25.7
£20-550°C 312 4.13 3.25 5.9
Residue above 550°C 21.88 17.54 17.17 10.8
Viscosity @ 20°C, mm?/sec. 9.34 10.70 9.72 6.14
Pourpoint, °C < -30 42 -9
Conradson Carbon wt % 3.74 452 3.97 2.0
Metals (V+Ni), ppm 49 17 53 8
Asphaltenss, wt % 1.71 1.12 1.14 0.62
Paraffins, wt % (Freezing point, § 2.57 (53} 2.4 (B8) 2.94 (52} -
o)
Acid Number, MgKOHI/g 0.06 .01 0.09 Q.06
Aromatics + Naphthene 39.4/47.4 27.7/3%.6 39.4/52.2 57.3/74.¢
A+N/ZA +N in Fres 80-150°C,
wt %
Sulfur in Vacuum Reskdue, wt 2.80 4.23 3.54 1.13
%
Metals Content (V+Ni) wt % 206 78 302 41
Faraffin Content in wit % 3.12 (58) 1.31 (60} 2.82 {60) —_—
{Freezing Pt., °C) wt %
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Table C.2.9.4.
Atmospheric Distillation Design Capacity

Crude Yeariy Capacity
Kuwait Crude 10,810
tonnefyear

12,560 m®/day

Daily Rate

454.6 tonne/day
523.3 m*/day

Zakum Crude

8,870 tonne/year
10,760 m3/day

369.6 tonne/day
448.3 m’/day

Table C.2.9.5.

Diesel Fuel Properties

Chara;:teristics Winter Summer

Distillation, volume

50% max 280 290

90% max 350 350
Viscosity 20°C 1t 2.4-6.0 2.8-8.0
Flash Point °C min. 40 40
Setting Point, °C -20 -5
Sulfur Content, ppm 6 000 6 000
{Carbon Residue, 0.2 0.2
%wt. max
Ash, %wi max 0.01 0.01
Water and Sedimet, 0 0
%vol
Cetane Number, min | 45 45
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Table C.2.9.6.
Gasoline Properties
Characteristics Reguiar Premium
Octane Number
RON 86 94
MON 80 84
Distillation, volume
10% max 70 70
50% max 125 120
90% max 185 185
EP max 215 215
Distiliation Residue 1.5 1.5
% vol max
RVP. KPa winter winter
50-80 50-80
summer summer
40-70 40-70
Sulfur Content, wt% 0.15 0.15
max
MTBE Content % vol - —
TEL Content Pb/# 0.56 .30
AP-A-21




Table C.2.9.7.
Fuel Oil Properties

Characteristics Grade li
O

Distillation, volume

10% max -
90% max —
Viscosity, 80°C max 122
Flash Point °C min 110
Setting Point, °C +25
Sulfur, wt% 3.0
Carbon Residue, —

%wt. max
Ash, %wt max 0.2

Table C.2.9.8.

LPG (Liquefied Petroleum Gases) Properties

Appendix A

Characteristics Propane | Butane

Vapor Pressure @158 F | 3 040 1080 | 2550

LPG

Butane and Heavier %wt 10 -—
max

Pentane and Heavier - 1
% wt max

Residual Matter — —

Total Sulfur, ppmw 50 50

Free Water Content - -—
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Table C.2.9.9.
Harbor Characteristics

The Port of Gdansk serves the refinery. Local weather conditions permit harbor
operations for about 300 service-days per year.

The harbor can accommodate crude tankers up to 135 0C0 tonnes/DWT and
product tankers up to 60 000 tonnes/DWT. The harbor facilities can service ships
up to a length of 300 meters with a beam of 50 meters and a draught of 15
meters. There are conventional berthing on jetty for refinery on and off loading. Six
pipelines serve the refinery from the berth having the foliowing pumging razes:

R1 Crude oil 10 000
R2 Gasoline 2 500
R3 Jet 1 000
R4 Circulating 1 000
RS Gas oil 2 000

RG Fuel oil insulated 1 000

There are no viscosity limits to the pumping although viscosity affects pumping
rates. The ambient working temperatures vary from -16°C to + 30°C. There is nG
interference with dry loading/unioading.
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ABBREVIATIONS
°AP| deg APl (gravity of oil fractions, defined by APl)
°C degree Celsius
°F degree Fahrenheit
% per cent
/ per (e.g., tonnes/day)

A ampere

ACFM actual cubic feet per minute

AFSBC Atmospheric Fividized Bed Combustion
API American Petroleum Institute
ASTM American Society of Testing Materials
BACT best available control technology
BFW boiler feed water

BOD biological oxygen demand

BPCD barrels per calendar day

BPSD barrels per stream day

BS&W Basic, Sediment and Water

8TX benzene toluene xylene

B8tu British thermal units

C.F. characterization factor

CCR continuous catalyst regeneration
coD chemical oxygen demand

cv calorific value (heat of combustion}
DCS distributed control system

DEA Diethanolamine

EP end point

EPA Environmental Protection Agency (U.S.)
FBP final boiling point

FCC fluid catalytic cracking

FGD flue gas desulfurization

c0E fuei oil equivaient

G giga{10%}

GCvV gross calorific value

GJ giga joules

HC hydrocarbons

HDS hydrodesuifurization

HP high pressure

Hg mercury

Hz hertz
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IBP
IGT
ISBL

KRW
LHSV
LP
Lube

MEA
MEK
MHC
MON
MPa
MSW
MTRBE
MVA
MVAR
MW
NAAQS
NCV
NO,
NPDES
OSBL
OVA
PFBC
PONA
Pa
RCC
RON
RTD
RVP
S.R.
SCFD
SCFH
SCFM
SG
S0,
SRC

TBP
TDS
TEFC
TEL
TOC
TSS

Appendix B

initial boiling point

institute of Gas Technology
inside battery limit

joule

Keliogg Rust Westinghouse
Liquid Hourly Space Velocity
linear programming/low pressure
Lubricating

mega(10°)
Monoethanolamine

methyl ethy! ketone

miid hydrocracking

motor octane number
Megapascal, a unit of pressure
municipal solid waste .
methyl tertiary butyl ether

mega volts ampere

mega voltampere reactive

mega watts

National Ambient Air Quality Standards

net calorific value

Oxides of Nitrogen

National Pollutant Discharge Elimination System

cutside battery limit

Organic Vapor Analyzer

Pressurized Fluidized Bed Combustion

Paraffins, Olefins, Naphthanes and Aromatics

pascal, a unit of pressure

reduced crude conversion

research octane number

Resistance Temperature Detector

Reid Vapor Pressure

Straight Run

standard cubic feet per day

standard cubic feet per hour

standard cubic feet per minute

specific gravity

Oxides of sulfur

solvent refined coal

tera (10'%)

true boiling point

total dissolved solids

totally enclosed fan cooled

tetraethyl lead

total organic carbon

Total Suspended Solids
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UoP K UOP Characterization Factor
Vv veit
vOGC volatile organic compound
WWTP wastewater treatment plant
WATSON K Watson Characterization Factor
XxP expiosion proof
atm atmosphere or atmospheres
bar bar
cP centipoise
cSt centistokes
cal calorie
cm centimeters
cps cycles per second
day day
3 cubic feet
ft feet or foot
g gram
gal galions
gpm gallons per minute
h hour
hp horse power
in inch or inches
k kilo
kA kifoamperes
kPa kilo pascal, a unit of pressure
kv kilovolts
kWh kilowatt hour
kcal kilo calories
kcal kilo calories
kg kilogram
kg/ecm? kilogram per square centimeter
b pound or pounds
liter liter or litre
m meter or metre
max, maximum
mg milligram
mi mile
million mitlion{10°)
min minute
min. minimum
mm millimeters
mol mole
n normal
ohm ohm
pH pH, a measure of acidity or strength of a base.
percent percent(or %)
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phase
ppm
ppmy
ppmw
PDP
psi
psia
psig
pth
mm
sec
tonne
tonnes
vol

wt

Y

phase (electrical)

parts per miilion

parts per million {volume)

parts per miliion (weight)

parts per billion

pounds per square inch

pounds per square inch absolute
pounds per square inch gauge
pounds per thousand barrels of oil
revolutions per minute

seconds

metric ton

metric tons

voiume

weight

year
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USAID
TERMS OF REFERENCE

DESCRIPTION/SPECIFICATIONS/WOEK STATEMENT

Component §2: A PETROLEUM REFINERY EFFTICIENCY
TMPROVEMENT ENERGY CONSERVATION PROGRAM

BACKGROUND

The petroleum sectors of Bulgaria, Czechoslovakia, Poland,
Romania, and Yugoslavia (as well as that of Hungary) are
emerging from a 40-year period of centrally-planned crude
supplies and centrally-controlled markets. Practically all of
the petroleum refineries in these six countries were built, or
modernized, during this period.

among the five countries, it appears that Bulgaria has three
separate refineries having an aggregate throughput of 300,000
B/D; Czechoslovakia has seven aggregating 455,000 B/D; Poland
nine with an aggregate throughput of 385,000 B/D; Romania
thirteen aggregating 617,000 B/D; and Yugoslavia seven with an
aggregate capacity of 609,135 B/D. Now, these refineries face
changing circumstances. T

First, it is likely that the existing refineries were designed
to process a . narrcw slate of crude oils supplied from the USSR.
Now, crude supply options have broadened so that supplies can be
bought on the world market through spot and contract purchases.
The USSR appears to be phasing out as a primary crude supplier
to these countries. Accordingly, potential future crude oil
slates can have a much broader range of physical and chemical
characteristics than has heretofore been the case.

Second, market conditions for the refinery product slates have
been based on the principles of a centrally-planned national
economy. Expectations, because of the shift to democratic
pluralism in these countries, are for a higher standard of
living for the populations, for a greater awareness of the need
for environmental protection, and for shifts in refinery-product
slates that will occur because of these. The capabilities of
the mix of processing units in the refineries in each country to
adjust simultaneocusly to changing crude slates and product
slates will be brought into gquestion.

Third, greater public awareness of preserving environmental
guality and of the environmental deterioration that has occurred
during the past forty years are likely to force major changes in
refinery design and operating practices to reduce noxious
gaseous, liguid, and sclid waste emissions. This awareness is
likely to emphasize production of unleaded gasolines and alcohol
additives, and perhaps also the exploration of neat alcohol and
compressed natural gas alternatives. At the same time, changes
in refinery operations will be demanded to reduce noxious
emicsions to the extent practical.
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Finally, tightened economic conditions will force refinery
managements to imprcve operations through introducing more
efficient internal utilization of energy and through
implementing opportunities for energy conservation. These
improvements will have to occur while anticipating changing
crude and product conditions and with an inventory of processing
units in the refineries that in all likelihood has a limited
flexibility to adapt to changes. The roles for alternative
fuels could emerge here also.

Ccompounding the problem of managing change are shortages of
foreign exchange, increases in foreign exchange demands because
of purchase of crude oil supplies on the open market at now
greatly increased price levels, and demands on investment
capital that will be generated by the political and economic
changes in these countries. Foreign investment by international
0il companies in petroleum-sector investment opportunities could
bring needed foreign exchange and could potentially lead to new
refinery construction at strategic locations and the scrapping
of some existing refineries.

The complexity of the relationships within the petroleum sector
system is somewhat illustrated in Figqure 1 of this Appendix.

Obviously, managing the process of change will take some time.
The inputs for analysis are not vet completely available.
Economic benefits will depend on national policies, formed or as
yet unformed. The current crude supply and pricing picture is
an unctable one. Foreign investor interest in the five
countries probably varies among the countries and perhaps is not
yvet well focused on the petrocleum sector. ’

Nevertheless, a start in an analysis to improve the situation
can be made provided the focus of initial efforts is on a
rationalization of the petroleum-system situation in each of the
five countries. Rationalization intends (a) efficient,
effective, and environmentally-acceptable improvement in the
production of petroleum products to serve current domestic
markets, (b) adaptation of current operating practices to serve
emerging domestic markets from expected, cost-attractive,
crude-oil slates, and (c) identification of the improvements in
terms of consistency with the privatization policies in each of
the five countries.

GOAL AND OBJECTIVES

Accordingly, the generic goal of the work is to begin a process
that ultimately can lead to such rationalization of the
petroleum sectors in each of the five countries. The end
results for the work at this time are

a. an organized data base comprising available data and

information relevant to producing inputs for later use by
others (when sufficient data and information for the
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various components of the petrcleum system, such as is
shown in Figure 1, become available) in a commercial
linear programming model to optimize the petroleum
system in each country,

low-cost improvements in the energy efficiency and
environmental impact of selected refineries producing
the current product slates that have been implemented
during the course of the Contractor's work, and

the identification of further improvements which can
only be implemented at a later time by others through
making a significant investment that needs to be
justified.

Accerdingly, the objectives of the work focus on the five
countries and are

a.

for ‘the refinery sector in each country and to the
extent that relevant information is available, to
describe the process mix in each refinery, the
technical capabilities, and current operating
practices in a form that (1) provides a data base for
undertaking further and future work by others aimed at
optimizing the petroleum system in each country and
(2) more specifically for the present, enables at
least qualitative judgments to be made of effects of
changing crude-cil slates on refinery product slates;

for a sample of two refineries each in Czechoslovakia,
Poland, and Yugoslavia and one refinery each in
Bulgaria and Romania, to identify changes in operating
practices and low-cost modifications to equipment that
can be immediately implemented to increase the
efficiency of energy utilization, to conserve energy
by avoiding unjustified use, and to reduce as far as
practical undesirable gaseous, liquid, and solid
effluents;

for che same refinery selection in each country, to
identify, characterize, and recommend more-extensive
changes in practices and eguipment and -modifications
to the process units, which appear justifiable but at
the same time regquire further study possibly with
inputs that may not yet be available; and

to assist the management of each refinery selected in
each cocuntry, as needed, in the implementation of the
changes identified in b. above through on-the-spot
assistance {including training sessions for refinery
personnel}).
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APPROACH

This work statement is intended to be generic and
applicable in each of the five countries. The intent is to
undertake the work with two separate teams of specialized
personnel operating in parallel. One team will undertake
the work in three countries seguentially and the other in
the two remaining countries seguentially. The two teams
will be supported as appropriate by a home-office team.

The work of the three teams will be coordinated by a
program director.

In order to permit pragmatic planning for efficient
accomplishment of the work, the first activity will be a
reconnaisance in the five countries, probably lasting five
weeks, during which needed technical and administrative
inputs will be developed and needed local support arranged
for. In 'order to gauge the effectiveness of the work, the
final activity will be return visits to the five countries,
probably over a two week period when the final reports have
been submitted, for the purpose of discussing the results
and answering guestions that may arise.

The expectations are that considerable data and information
will be collected for the countries and for the operating
oil refineries. Also, expectations are that this data
base, aside from the needs of the Contractor's work program
and even after. the completion cf his work, can provide
continuing inputs to other efforts aimed at improving
operations in the non-refinery components of the
petroleun-sector system (see Figure 1) or to follow-on
efforts aimed at implementing the longer-term improvement.
opportunities identified in the work. Therefore, data and
informaticn collection is to be computer oriented with
prograns organized to be user-friendly and documented
accordingly in the Contractor's final reports.

Furthermore, in the identificaticn of improvement
oppertunities relevant to achieving the objectives of the
work, expectations are that benefit/cost estimates will be
prepared and/or evaluations performed as far as practical.
Estimates and calculations will, with 1ittlé doubt, require
assumptions to f£ill in for a lack of data. Therefore,
estimate preparation and evaluation of oppeortunities is
also to be computer-oriented and user-friendly with
programs designed to permit asking "what if" gquestions,
with documentation incorporated in the Contractor's final
reports.

petroleum refineries and petrochemical manufacturing plants
are closely linked both physically and through refinery
products that become petrochemical feedstocks. The work
shall be confined to petroleum refineries only. For this
purpose the refinery shall be defined as comprising all
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jnstallations that pertain to the receipt of the crude oil
through to processing and storage of the refinery's primary
products. A primary product shall be defined as one that
has been fully processed so as to be marketable. On-site
facilities to blend different gasoline streams, produce,
and process them to final specifications are refinery
units. Refinery gas and/or liquid streams that are
delivered to other units for further processing, such as to
ethylene, ammonia, or aromatic extracticon, are to be
considered as finished products.

Equipment purchases ‘both for test work and for permanent
installation) needed for the implementation of short-term
improvements shall be defined and justified. A brief
report shall be submitted for A.I.D. approval before
committing to purchase.

TASKS
The following tasks are foreseen for the work.
a. Refinery Characterization

The work is technically oriented. It involves
preparing for each refinery in each country, a block
flow diagram showing the processing units and the
support facilities between receipt of the crude oil
slate and the dispatch of the product slate to

market. The depth of detail for this characterization
will provide

1) a description as far as practical of the
capability of each processing unit in terms of
feedstocks and feedstock variability and product
yields and specifications; of the operating
conditions, age, mechanical condition of the
processing units; of the consumption of utilities
(electricity, water, catalystis, chemicals, etc.):
and of the quantities and characteristics of the
effluents.

2) a description as far as practical’ of the support
facilities in terms of crude and product storage
capacity, fire protection and personnel safety
provisions, and methods for segregation,
collection, treatment, and disposal of solid,
liquid, and gaseous effiuents.

3) a written operating history of a refinery for the
previous 1l2-month period emphasizing crude-oil
receipts and specifications, product slates
produced, unusual operating experiences, routine
maintenance performed, and emergencies
encountered during operations.
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4} a description of the method of electricity
supply, whether entirely purchased,
self-generated, or a combination of both; and a
technical description of the design and operation
of the power house (if any) in terms of energy
balance and heat rate.

Refinery Financial Structure

The objective in this task will be to collect data on
local practices from the refinery management and/or
from other appropriate sources that can be evaluated
to establish the basis whereby the cost of each
improvement opportunity can be pragmatically estimated
and attractiveness of the opportunity determined. The
expectation is that attractiveness will be based in
part on (a) the magnitude of the capital requirement,
including the foreign exchange component, and (b) the
period of time within which the cost c¢f the
improvement can be recovered through savings in
operating costs achieved. Attractiveness shall refer
alsoc to quantification (if practical) of benefits from
reduced emissions of objectionable effluents. No need
exists to relate emissions for compliance with any :
existing standards. ' : '

Selection of the Refineries

The refineries to be subjected to more detailed study,
in order to meet Objectives b, c, and d above, shall
be selected during the reconnaisance period by mutual
agreement between the Contractor and the
host-government agency concerned. For Contractor's
guidance, the main criterion for selecticn should be
based on achieving a maximum efficiency/environmental
improvement impact for a minimum effort and cost in a
minimom time frame. However, the selection shall be
subject to A.I.D. concurrence.

Refinery Housekeeping

For each country and for each selected refinery, the
work invelves observation over a period of time of the
refinery operations in order to detect opportunities
to improve operating and maintenance practices, such
as by

1) eliminating the presence of leaky valve-stems and
steam traps,

2) incrementally insulating excessively hot surfaces,
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3) 2voiding poor combustion conditions (high oxygen
content in chimney gases because of excessive
excess air beyond combustion needs and/or leaky
furnace settings),

4) avoiding excessive carbon monoxide in chimney
gases (poor combustion, inadequate mixing of fuel
and air),

5) increasing the frequency with which heat transfer

surfaces are cleaned of fouling deposits,

8) reviewing whether rotating machinery is
adeguately maintained in terms of lubrication and
condition of bearings, and

73 reviewing whether plant instrumentation is
adequate and/or well-enough maintained to provide
accurate readings of operating conditions and is
appropriately configured to permit efficient
operation.

e. Heat Conservaticn

The work involves observations over a period of time
+o evaluate the adeguacy of provisions to recover heat
that otherwise is wasted. The best example is a lack
of airheaters to recover heat frem hot chimney gases
in refinery furnace equipment. Another example is the.
design of feedstock preheat heat exchanger trains and -
the opportunity to introduce an additional heat _ V
exchanger that can be justified now because of higher . SRR
energy prices. o Ve

f. Process Unit Operating Conditions

The work involves analyzing the operating conditions
and control systems installed for each processing unit
in a selected refinery in order to determine whether
these are appropriate for the products from the
feedstock. This analysis can be particularly
significant if current feedstocks and/or product .
clates have changed from the conditions on which the
original design of the processing unit was based.

g. Refinery Energy Balance

The work involves analysis of the flows of energy
among the different processing units comprising each
selected refinery as well as within the processing
units themselves in order to identify opportunities
for energy-efficiency improvement in the short term
and long terxrm.
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' The analysis should attempt to provide a data base to

assist others to foresee the longer term opportunities
for a more efficient energy balance through review of
the market demand, future crude oil supplies, and the
design and applicability of the processing units
themselves. Ultimately, the product of such analysis
by others could be decisions to abandon certain units,
modify others, or add new units, all providing for
greater thermal efficiency.

Accordingly, the Contractor shall attempt to foresee
as far as practical the prospect that such future
analysis could invalidate the benefits perceived for
an identified long-term opportunity from a presumption
that a substantial remaining useful 1ife for the
process unit exists.

Fuel Switching

For each selected refinery, the work shall include
comment and expert opinion on the practicality of
replacing petroleum hydrccarbon fuels with indigenous
coal. Refinery furhaces have in the past been fired
with coal. Fuel switching to coal to save on oil
imports could be a viable option. However, the
Contractor shall focus on a different technical option
for coal utilization, in order to reduce investment,
by considering high fuel-density, coal/water slurry
fuels as a direct replacement for fuel oil with
ninimum retrofit. Sootblowers could handle the higher
ash content. - .

Consideration of such an option should be limited to
assessing its practicality in terms of coal supply and
characteristics, the state-of-the-art of fuel
formulation, and adaptability to existing combustion
equipment.

Refinery Emissions

For each selected refinery, the work involves
preparing a survey of all solid, liguid, and gaseous
refinery effluents in terms of sourcing, probable
quantities, and chemical analyses, and suggesting
practices to be employed in the refinery for control
to reduce such emissions that refiect experiences
elsewhere where emission control laws are in effect.
There is no need to relate this task tc showing
compliance cof emissions with standards that may be
established by the World Bank or the U.S.
Environmental Protection Agency.
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-pata Evaluation

The work involves computer-oriented organization of
the data and information collected, evaluation of the
data and information, compiling cost estimates,
performing financial calculations, ranking
opportunities in terms of the adopted criteria, and
preparing final reports to meet the objectives of the

work.
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Appendix D

APPENDIX D - ELECTRICAL

1. TABLE AP-D.1. - GENERATOR CHARACTERISTICS
Type SAT 110.5-160-4
Manufacturing 153 786
number
Output {(kVA) 18 800
Voltage {vols) ¢ 000
Current (A} 1 809
Frequency {Hz) 50
Power factor 0.8
Number of phases 3
Number of poles 4
Speed 1 500
Overspeed (rpm) 1 800

2. ENERGY PRICING AND BILLINGS

Energy prices charged to the refinery by the state owned Utility Power Company {12 June
1991) are as follows:

* Annual charges for agreed upon price paid on

monthly basis 150 ZL/kW
¢ Monthly energy agreement 16.2 MW
* Monthly payment for calculated energy 22,50CZL/kW
* Monthly payment for excess calculated
energy over agreed energy 125 000 ZL/kW
* (ost for used active power in peak demand 325 ZL/kWh
¢ (Cost for used active power during day time 200 Zi./kWh
s (Cost for used active power during night time 113 ZL/kWh
e Cost for reactive power during day time 75 ZL/KVArH
and peak demand during night time 50 ZL/IKVArH
* Cost for maintenance 2nergy meters 95,000 ZL/month

AP-D-1
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Energy prices charged to the Utility Power Co. by Gdansk Refinery:

Present Proposed from 28 May 1991
205 ZL/KWH during peak time period 256 ZI/kWH
95 ZL/KWH day time 120 ZL/kWH
45 ZL/kWH night time 56 ZL/KWH

Exploration of purchased/sale energy between refinery and Utility Power Company.

Before Aprit 1990

Example:

Energy required by refinery - 16 MW

Energy production by refinery generator - 15 MW
Used own energy - 7 MW

Sale energy to Utility Power Co. - 8 MW
Purchased energy from Utility Power Co. - 9 MW
Purchased energy from UPC - 325 ZL/kWh

Sale energy to UPC - 256 ZL/kWh

Refinery paid fot 2 MW x 325 ZL/kWh

Refinery collect for 8 MW x 256 ZL/kWh

AFTER APRIL 1990

Refinery purchased balance meters mfg. by Landis & Gyr in Switzerland and
installed at Refinery. Balance meters ($50 000) which recorded balance: (energy

- purchased minus energy sale)

Using above examgple: 8-8 = 1 x 325 ZL/kWh
Refinery annual saving = $400 000
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TABLE AP-D.2 - ANNUAL ELECTRICAL ENERGY CONSUMPTION
JUNE 1990 THROUGH MAY 1991
Equipment/Units MWh MVArh
. R
Generator TG1 57 191 24 966
Generators Production Generator TG2 23973 11 561
TOTAL 81 154 36 527
(TG1+TG2)
Transformer T1 23 865 7 941
Used Transformer T2 444 69
Transformers T3 42 171 13 141
TOTAL 6 648 21 151
Main (T1+72+73)
Transformers
Transformer T1 22 483 5575
Saie Transformer T2 357 96
Transfomer T3 6 836 2 501
TOTAL 29 673 8172
(TI+T2+T3)
Substation 1 unit 100, 200, 300 800 ° 27 036 12 518
Substation 2 unit 400, 500, 600, 700, 800, 850, 7 365 3435
14007
Substation 3 unit 1100, 1200, 1250, 1300° 17 157 6 643
Substation 4 unit 1800, 3500, 4000, 5100, 7700, 4 413 1691
p.18, p.24, p.br, p.si, CPN’
Substation 5 unit 5100 GESTRA® 3188 611
Substation 6 enit 2700, 2750, 2900, 2930, 3200 15 800 8 783
Central Administration”
Substation 7 unit EC (power plant)’ 20512 13 931
Substation 8 unit 2000 p.20 CPN° 2 540 1176
Substation 9 Water Intake’ 1167 96
Substation 10 { unit 1000, 1500, 1900, 2000, 2050, S 844 3571
3700, 4000, GPBP, Dz.W"

* See Table App.F.2.a, for a description of unit numbers.
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Appendix D
TABLE AP-D.3
ELECTRICAL ENERGY CONSUMPTION (MWh)
GDANSK REFINERY
SECOND QUARTER OF 1990
TOTAL
ITEM APRIL MAY JUNE PER

NQ. DESCRIPTION 1990 1990 1990 QUARTER |
1 Energy Preduction by plant

generators 7 388 4 273 0 11 661
2 Purchased energy from Utility Power

Ceo. {T1,72,73) 2 702 3113 1979 7 793
3* Purchased energy from Utility Power

Co. for railroad transport only 70 54 33 157
4% Purchased energy from Utility Power

co. for pump station at sea port & o 3 3
5 Sale energy to Utility Power Co.

0 0 0 0

6 Sale energy to contractors at refinery 100 71 61 632

TOTAL (1 +2+3+4)-(5+6) 10 060 7 369 1 953 19 382
7 Steam (for heating only){GJ) sale to

contractors at refinery 10 041 6 808 2 560 19 409

* Separate source (15 kV} and meters (no connection with refinery distribution system)
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TABLE AP-D.4
ELECTRICAL ENERGY CONSUMPTION (MWh)
GDANSK REFINERY
THIRD QUARTER OF 1990
TOTAL
ITEM JULY AUG SEPT PER
NO. DESCRIPTION 1990 1990 1990 QUARTER
-~
1 Energy Production by plant
generators 0 3 640 6 891 10 531
2 Purchased energy from Utility Power
Co. (T1,7T2,73) 8 471 7 110 4014 19 595
3* Purchased energy from Utility Power :
Co. for railroad transport only 42 60 73 175
4* Purchased energy from Utility Power
co. for pump station at sea port 7 8 18
5 Sale energy to Utility Power Co. C 0
6 Sale energy to contractors at refinery 61 67 20 218
TOTAL {(1+2+3+4)-(5+6) 8 455 | 10 750 10 896 30 101
7 Steam {for heating only){(GJ) sale to
contractors at refinery 4878 5219 4 450 14 547

* Separate source {15 kV) and meters {no connection with refinery distribution system)
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TABLE AP-D.5
ELECTRICAL ENERGY CONSUMPTICN (MWh)
GDANSK REFINERY
FOURTH QUARTER OF 1990
TOTAL
ITEM oCT NOV DEC PER
NO. DESCRIPTION 1390 1990 1990 QUARTER
m
1 Energy Production by plant .
generators 1890 7612 10 345 24 964
2 Purchased energy from Utility Power
Co. (T1,72,7T3) 4 439 3277 1318 2034
3* Purchased energy from Utility Power
Co. for railroad transport only 108 126 138 372
4* Purchased energy from Utility Power
co. for pump station at sea port 0 0 25 25 |
Sale energy to Utility Power Co. 0 0 0
Sale energy to contractors at refinery 152 161 136 442
TOTAL (1+2+3+4)-(5+6) 11402 | 10854 | 11690] 33946

7 Steam (for heating only)(G.)) sale to }
contractors at refinery 8 011 9 238 12 229 29 478

* Separate source (15 kV) and meters {no connection with refinery distributicn system)
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TABLE AP-D-6
ELECTRICAL ENERGY CONSUMPTION (MWh)
GDANSK REFINERY
FIRST QUARTER OF 1931
TOTAL
iTEM JAN FEB MAR PER
NO. DESCRIPTION 1991 1991 1991 QUARTER
1 Energy Production by plamt l
Ggenerators 10 408 9310 9 247 30 355
2 Purchased energy from Utility Power
Co. (T1.T2,T3) 1136 312 443 1 8¢1
3* Purchased energy from Utility Power
Co. for railroad transport only 154 147 114 415
4* Purchased energy from Utility Power
co. for pump station a2t sea port 4] 13 2 15
5 Sale energy to Utility Power Co. | 0 0 v o
6 Sale energy to contractors at refinery 212 190 133 535
TOTAL {14+2+3+4-{5+6) 11576 | 10 792 10 373 32 141
7 Steam (for heating only){GJ) sale to
{ contractors at refinery 13766 | 14 848 12 922 47 534

* Separate source (15 kV} and meters (no connection with refinery distribution system)
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TABLE AP-D.7 - AREA DESIGNATION

Area

Designationr

Atmospheric Crude Distiliation

100
200 Naphtha #ydrotreating
300 Kerosene Sweetening {Merox)
400 Catalytic Reforming
500 Gas Cil Hydrodesulfurization
600 H.S Recovery {MEA) [gas desulfurization]
7C0 LPG Recovery
800 Sulfur Recovery - Claus Process
850 Suifur Loading
1400 Lube Oil Hydrofinishing
1100 Propane deasphaiting
1200 Furfural Extraction
1250 Cooling Water System at 1200
1300 Di-Me Dewaxing
1800 Crude Oil Tanks (Tank Farmj
3500 Flare
4000 Loading Station (4000-Railway; 4100-Tankcars)
5100 Four Slop Pumps {*waste)
7700 LPG Pump Statioﬁ
p- 18 Crude Pump Station
p. 24 LPG Pump Station
p. br Loading Arm
p. sl Slope Pump Station
CPN Central Distributing Company
INST 1500 Waste Water Treatmnent

AP-D-8
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Table AP-D.7 - AREA DESIGNATION - continued

GESTRA Outside Contractors (other companies)
2700 Demineralized water to Power Station
2750 Condensate Collecting
2800 Primary Treating
2930 Demineralization
3000 Cooling Water Tower
3200 Nitragen Unit {lnert Gas Plant)

Cent. Admn. Administration

INST EC Power Station

3100 Air Compressors

INST 2000 Product Tanks

p. 20 Product Pump Station
e Pump Station {from Moteawa River to Reservoir)
ne Pump Station (from Reservoir to Refinery)

1000 Asphalt Biowing & Blending

1500 Lube Qils Units

1300 Temporary Qil Storage Tanks

2050 Gasoline Loading

3700 Fuel Cil Blending for power Station & Process

unit)

4000 Asphalt Loading (Rail & Road)

GPBP Outside Contractors

Dz W Maintenance Shop

AP-D-9
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APPENDIX E

REFINERY ENERGY BALANCE AND "ENERGY DEMAND" CRITERIA

To properly undertake an appraisal of the energy efficiency of Eastern European
refinery operations, it was apparent that some standard measure of the perfor-
mance of typical modern US refinery installations was essential. A literature search
revealed two documents describing typical energy consumptions in the US refining
industry based upon surveys and energy audits as follows:

R.V. Elshout, Barnard and Bunk Engineers and Constructors Inc.,
Pasadena, California, Hydrecarbon Processing, July 1982, Pg. 109.

R.O. Pelham and R.D. Moriarty, Profimatics, inc., Thousand Qaks,
California, Hvdrocarbon Processing, July 1985, Pg. 51.

The 1982 article lists typical utility requirements for a range of common refinery
processing units, whereas the 1985 article analyzes the thermodynamic elements
of energy usage for a typical 80 000 BPSD fuels refinery. These two references
assessed US refinery energy performance from 1972 through the early 1980s. This
is the period during which the US refining industry had recorded energy utilization
improvements of about 25 percent.

By convention, the English system of measurements (Barreis, APl, BTU’s, etc.} is

still preferred by US refineries whereas mass and the metric or System Internationai.

units (grams, metric tons, specific gravity, joules, kilocalories, etc.) are commonly
used in Europe. Therefore, it is necessary to establish equivalent values between
the twe methods of measurement so that equitable comparisons can be made. The
typical US refinery unit energy demands provided by Elshout have therefore been
transformed from American to European practice as shown in the following Tables
1-3 by the provision of typical APl gravities (where appropriate) for the unit
feedstocks.

Direct and positive comparison of total energy demands between similar unit
operations is still not possible; however, due to the individual refiner's selection of
electric or motive steam for the provision of mechanical power and also to the
selection of cooling water or air as the sink for rejected heat. Consequently,
suitable conversions to the basic fuel oil energy source were required and are
shown in Table 4 in both the European and American usages. Itis believed that our
selected efficiency factors of 80% for steam generation; 35% for power
generation; and 60% for combined pumip with motor driver are reasonable or
conservative in deriving the selected conversion to fuel oil equivalence to obrain a
common, simple, and effective measure of total energy demand.
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In a further attempt to extend and update the validity of these data, the most
recent publication of refinery unit licensors’ information (Refiner’'s Notebook -
"Hydrocarbon Processing,” November 1990) was selected to reflect technical and
economic trends, together with other availabie information, to supplement lube oil
energy demands. A consolidated listing of the results is shown in Tables. 5 to 13.

Finally, Table 14 attempts a reconciliation of the "Unit Total Energy Requirements”
chosen from the above-cited development and based upon Elshout, with the overall
typical fuels refinery energy usage reported in the Profimatics survey.  The
predicted results of 378 455 versus 380 000 BTU/BBL required by the "rsasonably
efficient fuels refinery” cited in the Profimatics example provides reasonable.
assurance for the general validity of the methodology even though it is claimed that
improvements are continuing at the rate of 1 to 2% per year.

For convenience, Tabie 15 summarizes the "Refinery Unit Energy Demand Criteria”
selected as best representing expected and obtainable refinery practice under
current technical knowledge and economic pressures. These values were used for
the overali assessment of the Eastern European energy efficiency of refinery
operations.

In conclusion, it is well to recognize that in these selected energy demands, the
potential for a further 15 to 20 percent reduction in energy usage could be
technically/economically feasible by prudent retrofitting in an existing ptant but
more likely in applying modern design techniques to future energy -efficient
instaliations where proper long term economic criteria are both encouraged and.
applied.
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TABLE AP-E,1
USA
TYPICAL REFINERY UTILITY USAGE

LA AL LUl DL Ll L E LRl LD LSRR R L LS

PER 1000 BPSD CAPACITY EXCEPT AS NOTED

(8) . REF: HYDROCARBON PROCESSING JULY, 1982, PG 109

FUEL 18 OF DELTA T
TYPICAL FIRED cW
oAP| M BTU/H GPM
CRUDE DISTILLATION 25.0 2500 375
40.0 3330 500
VAC DISTILLATION 16.0 2100 410
VISBREAKER 9.0 8000 240
THERMAL CRACKER 9,0 20000 2000
DELAYED COKER 9.0 9120 830
FLUID COKER (1) 9.0 -250 830
PROPANE DEASPHALTING 9,0 15200 1000
'HYDROTREATING NAPHTHA (2) 45.0 2750 150
GAS Ol 25.0 3500 250
CAT REFORMING (30 RON) 45.0 _ 16000 550
CAT CRACKING FCC  (3&4) 20,0 800 800
TCC 20,0 2000 800
HYDROCRACKING (5) 20.0 8000 750
CAT POLYMERIZATION 110,0 350
SULFUR PLANT (10 TPD  TONNE/DAY) 1500
MEA UNIT (10 TPD S TONNE/DAY) 220
H2 PLANT(10 MM SCFD)(6&7) 200 200
(1 * INCLUDES AIR BLOWER FOR AVERAGE 15% PRODUCTION COKE BURNING
(2) COMPRESSOR POWER COULD BE SUPPLIED FROM ASSOCIATED CAT REFORMER
(3) POWER INCLUDES REGENERATOR BLOWER BUT NO CREDIT FOR LETDOWN TURBINE
(4) NO CREDIT FOR CO BOILER WASTE HEAT RECOVERY
(5) POWER EXCLUSIVE OF H2 MAKE=UP COMPRESSOR
(6) FUEL INCLUDES FEED -~ STEAM METHANE REFORMING
(7) -~ POWERINCLUDES BOOSTER COMPRESSOR T0 1750 ‘PSIG .

POWER
KWH/H

10
13
15
15
31
50
175
40
50
60
150
275
225
200
160

45
12,5
1400

SURFACE
AREA
SQFT

1200
1000
2000

900

2100
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TABLE AP-E.2
USA
TYPICAL REFINERY UTILITY USAGE (1)

LA LLL LTSS S IEE T DL L LT T T e Ty

PER 1.0 BBL CAPACITY EXCEPT AS NOTED

fnmg £

¥ aaVv

FUEL 18 OF DELTA T INTERCHANGE
TYPICAL FIRED cwW POWER  STEAM SURFACE
OAPI BTY US GAL KWH LB S0 FT
CRUDE DISTILLATION 25.0 60000 540 0.24  7.992 28.8
40.0 79920 720 0342 6 24.0
VAC DISTILLATION 16.0 50400 590.4 0.36 30 48.0
VISBREAKER 9.0 192000 345.6 0.36 30
THERMAL CRACKER 9.0 480000 2880  0.744 45.6
DELAYED COKER 9.0 218880 11952 1.2 34.8
0 9.0 ~6000 1195.2 42  -79.2
PROPANE DEASPHALTING 0.0 364800 1440 0.96 50.4
0 45,0 66000 216 1.2 16.8 21.6
GAS OlL 25.0 84000 360 1,44 16,8
CAT REFORMING (90 RON) 45.0 384000 792 3.6 43.2
0 20.0 248846 1152 6.6 15.6
TCC 20.0 277646 1152 54  ~15.6
0 20.0 192000 1080 4.8 14.4 50.4
CAT POLYMERIZATION 110.0 0 504 38 192.0
SULFUR PLANT (1.0 TONNE S) 3600000 108.0 -6720.0
MEA UNIT (1.0 TONNE S} 31680 30.0 10080.0
H2 PLANT (1000 SCF)(74&8) 480 28.8 3.4 4.3
{1) REFt HYDROCARBON PROCESSING JULY, 1982, PG 109
(2) INCLUDES AIR BLOWER FOR AVERAGE 5% PRODUCTION C N COKE BURNING
(3) COMPRESSOR POWER COULD BE SUPPLIED FROM ASSOCIATED CAT REFORMER
(4) NOTE: POWER INCLUDES REGENERATOR BLOWER BUT NO CREDIT FOR LETDO
(5) NOTE: 5 W7 COKE BURNING INCLUDED BUT NO CREDIT FOR CO BOILER WA >
(8) POWER EXCLUSIVE OF H2 MAKE-UP COMPRESSOR 3
(7)  FUEL INCLUDES FEED - STEAM METHANE REFORMING 8
(8) POWER INCLUDES BOOSTER COMPRESSOR TO 120 BARG S
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TABLE AP-E.3
USA
TYPICAL REFINERY UTILITY USAGE (1)

PR RS AR A RER AR E IR AN

PER 1.0 TONHE CAPACITY EXCEPT AS NOTED

FUEL 10 °C DELTA T EXCH
TYPICAL FIRED cw POWER  STEAM SURFACE
SP GR KCAL M3 KWH KG M2
CRUDE DISTILLATION 0.9042 105264 14.2 1.67 25.3 18.6
0.8251 153650 20.8 2.38 20.8 17.0
VAC DISTILLATION 0.9593 83337 14.6 2,36 89.4 29,3
VISBREAKER 1.0671 302407 8.2 2.25 85.1
THERMAL CRACKER 1,0071 756017 27.2 3377 -44.3
DELAYED COKER 1.0071 344744 28.3 7.50 98.7
FLUID COKER (2) 1.0071 ~9450 28.3 26,26 ~224.7
PROPANE DEASPHALTING 1.0760 537768 31.9 562  133.8
HYDROTREATING NAPHTHA (3) 0.8017 130588 6.4 9.43 59.9 15.8
GAS OlL 0.9042 147369 9.5  10.03 53,1
CAT REFORMING {90 RON) 0.8017 759784 235 2828  154.0
CAT CRACKING FCC (4&5) 0.9340 422627 29.4 44,50 47.7
TCC 0.9340 471539 29.4 3641  ~47.7
HYDROCRACKING  {6) 0.9340 326083 27.5  32.36 44.1 31.6
CAT POLYMERIZATION 0.5859 205 4127 9363
SULFUR PL ANT (1,0 TONNE S) 999295 119,02 -3360.0
MEA UNIT (1.0 TONNE S) 1320  33.06 50400
H2 PLANT (1000 NM3) (74&8) 4038 3.6 11222 65.5
(1) REF: HYDROCARBON PROCESSING JULY, 1982, PG 109
(2) INCLUDES AIR BLOWER FOR AVERAGE 5% PRODUCTION COKE BURNING
(3) COMPRESSOR POWER COULD BE SUPPLIED FROM ASSOCIATED CAT REFORMER
(4) NOTE: POWER INCLUDES REGENERATOR BLOWER BUT NO CREDIT FOR LETDO
(5) NOTE: 5 W% COKE BURNING INCLUDED BUT NO CREDIT FOR CO BOILER WA
(6) POWER EXCLUSIVE OF H2 MAKE-UP COMPRESSOR
(7) FUEL INCLUDES FEED ~ STEAM METHANE REFORMING'

(8) POWER INCLUDES BOOSTER COMPRESSOR TO 120 BARG

dama 43
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TABLE AP-E.4
USA

TYPICAL REFINERY TOTAL ENERGY USAGE (1)

LLL Y]] ¥ L1222 ] reene

PER 1.0 TONNE CAPACITY EXCEPT AS NQTED

FUEL 10 ®C DELTA T TOTAL
TYPICAL FIRED CW POWER STEAM ENERGY
SP GR KCAL KCAL KW KCAL KCAL/T
CRUDE DISTILLATION 0.9042 105264 8532 4012 17697 135505
0.8251 153650 12467 5715 14545 186377
VAC DISTLLATION 0.9593 83337 8786 5672 62547 160341
VISBREAKER 1.0071 302407 4908 5402 59578 372298
THERMAL CRACKER 1,0071 756017 16341 81037 ~30081 B22415
DELAYED COKER 1,0071 344744 16951 18008 69111 448814
FLUD COKER (2) 1.007 1 -5450 16951 63029  -157287 -86757
PROPANE DEASPHALTING 1,0760 537768 19118 13484 93680 654050
HYDROTREATING NAPHTHA (3) 0.8017 130588 3849 22623 41913 198972
GAS OLL 09147 147369 5688 24071 37163 214292
CAT REFORMING {90 RON) 0.8017 759784 14113 67858 107775 949540
CAT CRACKING FCC  (4&5) 0.9340 422627 17621 105800 33408 580454
Tce 0.9340 471539 17624 87382 -33406 543136
HYDROCRACKING (6) 0.9340 326083 16520 77673 30837 4511112
CAT POLYMERIZATION 0.5859 0 12289 99052 555404 766745
SULFUR PL ANT (1,0 TONNE S) 999295 0 285638 2352000 ~-1C67067
MEA UNT (1.0 TONNE S) 0 79200 79344 3528000 3686544
H2 PLANT {1000 NM3}{(7&B) 4038 2182 269331 45825 321376
(1) REF; HYDROCARBON PROCESSING JULY, 1982, PG 108
(2) INCLUDES AIR BLOWER FOR AYERAGE 15% PRODUCTION COKE BURNNG
(3) COMPRESSOR POWER COUWLD BE SUPPLIED FROM ASSOCIATED CAT REFORMER
(4) NOTE: POWER INCLUDES REGENERATOR BLOWER BUT NO CREDIT FOR LETDOWN TURBINE
(5) NOTE: & W% COKE BURNING. INCLUDED BUT NO CRECIT FOR CO BOLER WASTE HEAT RECOVERY
(8) POWER EXCLUSIVE OF H2 MAKE—UP COMPRESSOR
(7) FUEL INCLUDES FEED — STEAM METHANE REFORMING
(8) POWER INCLUDES BODSTER COMPRESSOR TO 120 BARG

ENERGY CONVERSION FACTORS TO FUEL O EQUIVALENTS:

CW, M3/H  USE  4,41%75/2284%0,6 = 0,24 KWH/H 2400 = 579 KCAL - ~ SA
STEAM, KG/H: USE 540 KCAL/KG @ 80% EFF = 675 KCAL/KG -5 ~SA
POWER, KWH: - USE  860,5 KCAL/KWH @ 35 % EFF = 2459 KCAL -S - SA

SAY
TOTAL
ENERGY
M KCAL/T

135
185
160
370
820
450
-85
665
200
215
950
580
545
450
785

-1070
3700
320

SAY
TOTAL
ENERGY

MBTU,/Bbl

77.2
96.9
97.0
236.4
522.2
285.0
~535.1
450.5
100.6
123.5
479.9
341.6
319.8
2656.3
283.2

=1070
3700
320

damg £3
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TABLE AP-E5

TYPICAL REFINERY UTILITY USAGE

LA Id L UL RIS IR LS T LTI T )

PER 1.0 BBL CAPACITY EXCEPT AS NOTED

REF HDBK TYPEAL FRED oW
UNT 1990¢ oAP| BTV US GAL
CRUDE DISTILLATION TECHNP LO 4TWR 34.0 40000 68
* TECHNP HI 4TWR 34.0 60000 90
H PROC JULY '82 Hy 25.0 60000 540
H PROC JULY '82 Lt 40.0 79920 720
CRUDE/VAC DISTILLATION * GDANSK 32,0 20
* FW LO RANGE 8.7 80000 20
FW H RANGE 8.7 120000
PLOCK LO RANGE 1&2 32,5
PLOCK HI RANGE 3&4  32.5
VAC DISTILLATIN ¢ SHELL - LUBES 22.0 590
H PROC ALY '82 16.0 50400
GDANSK 20.0
4 VAC FLASHER
m
~ LT ENDS FRACT'N (USE)
LPG 130.0 260
NAPHTHA SPLITTING 50,0 450
HTREATING — NAPHTHAS H PROC JULY '82 45.0 66000 216
GDANSK 45.0
~ GAS OLS H PROC JULY '82 25.0 84000 360
PLOCK 26.0
GDANSK 26.0
- RESIDS * IFP — RESID 15,0 52500 285
¢ CHEVRON
REFORMING * CHEVRON 4 HT 48.0 285000 160
* ENGELMARD-100 RON  48.0 250000 40
¢ FP —102 RON 48.0 65000
H PROC JULY '82 45.0 384000 792
PLOCK + HT (AVG) 48,0
GDANSK 45.0

0.36

0.30
0.30

1.44

8.50

0.70
2.00
1.00
3,60

24,0
24,0

30.0

40,0
70.0

16.8

16.8

74.0

~40.0

-12.5
43.2
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TABLE AP-E.6
TYPICAL REFINERY UTILITY USAGE
SEEEIEEEOREROOREINOIINIOINININEIS

PER 1.0 BBL CAPACITY EXCEPT AS NOTED

FUEL 18 °F DELTA T

REF HDBK TYPICAL FIRED cw POWER  STEAM
uNIT 1990 AP BTU US GAL Kyl 18
FCCU MW KELLOGG 20.0 229646 0 090  -100.0
H PROC JULY ‘B2 20.0 248846 1152 6.60 15.6
PLOCK | 20.0
PLOCK I 20.0
TeCy H PROC JULY '82 20.0 277646 1152 540  -15.8
ALKYLATION  — PRODUCT STRATCO HZS04 50.0 2050 1350 1800
PLOCK 50,0
CAT POLYMERIZATION H PROC JULY '82 110.0 504 384 1920
PROPANE DEASPHALTING P 12.0 23750 1.40 7.0
> KERR-McGEE 12,0 95000 0 2.00 12.0
o * FW CRACKED 12.0 89000 0 2,00 60.0
m H PROC JULY 'B2 9.0 364800 1440 0.96 50.4
[0
LUBES — PDA FW LUBE 12,0 86000 15 210 1150
SHELL 12.0
GDANSK 15.0
~ FURFURAL/NWP SHELL 25.0
¢ EXXON NWP — 103 Wt 25.0 202000 200 1.40 54,3
PLOCK 25.0
GDANSK 25.0
- DEWAXING SHELL MEK 27.0
PLOCK ACETONE/BENZE 27,0
GDANSK Di~ME 27.0
~ HFINSHING SHELL 27.0
PLOCK 27.0
GDANSK 27.0

CREASE - PER TONNE STRATCO
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HCRACKING

THERMAL CRACKER

VISBREAKING

COKING

COKE CALCINING-PER

ASPHALT BLOWING

MYBE —~ PRODUCT

MEA (1.0 TONNES)

SULFUR PLANT (1.0 TONNE S)*

H2 PLANT (1000 SCF)(6&7)

TONNE

- & ® B

TYPICAL REFINERY UTILITY USAGE

PERERERERIDRRRARTRLR I RREORI NI NN BN

TABLE AP-E.7

PER 1.0 BBL CAPACITY EXCEPT AS NOTED

REF HDBK
1990+

LUMMUS /0XY / AMOCO

CHEVRON
IFP

LINDE

UNOCAL /UOP

H FROC JULY '82

H PROC JULY '82

LUMMUS ~ 35B'FFEED
FP
H PROC JULY ‘82

LUMMUS — DELAYED
EXXON  —~ FLEXI

Fwi

H PROC JULY '82 DEL
H PRCC JULY 'B2 FL

GKT — W GERMANY

SNAM — BO/100 PEN
- 40/50 PEN

PLOCK
GDANSK

€D TECH
PHLLIPS

H PROC JWLY '82
GDANSK

H PROC JULY '82
PLOCK
GDANSK

TYPICAL
OAPI

20,0

8.2
15.0
9.0

7.4
3.1
2.6
9.0
9.0

5.9
3.1

8.0
8.0

45.4
45.4

FUEL

FIRED

BTU
56100
69800
143000
40000
50000
135000
192000

48000
75000
22800
192000
145000
120000

218880
-6000

89335
57659

3500000

480

18 °F DELTA T

oW POWER STEAM
US GAL KwH LB

64 8.40 ~35.5
164 16.50 -97.0
330 7.00 ~50.0
2.80 12.5

190 1.50

10,00
1080 4,80 14.4
1152 5.40 -15.6
270 0.50 45.0
0 1.90 10.6
346 0.36 30.0
180 3,90 20,0
400 13.00 -~100.0
36 3.60 -40.0
1195 1.20 34.8
1195 4,20 ~79.2
0.81 6,57
2,73 30.75
1860 1.00 296.0
1870 1.10 224.0
11680 30,00 10080.0
108,00 -6720.0
29 3.36 4,3
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CRUDE DISTILLATION

CRUDE/VAC DISTILLATION

VAC DISTILLATION

VAC FLASHER

ey W =l "wm W

LT ENDS FRACT'N (USE)
LPG
NAPHTHA SPLITTING

HYDROTREATING
~— NAPHTHAS
—~ GAS OLS
- RESID
REFORMNG

TYPICAL REFINERY UTILITY USAGE

SEIEAROEEI LRSI RO LI IR INEDOAN NS

TABLE AP-E8

PER 1.0 TONNE CAPACITY EXCERT AS NOTED

REF HOBK
1990

TECHNP LO 4TWR

TECHNP H 4TWR

M PROC JULY '82 Hy

H PROC JULY '82 Lt

GDANSK

FW LO RANGE
FW H RANGE
PLOCK LO RANGE 1X&
PLOCK Hi RAMGE 384

SHELL —~ LUBES
H PROC JULY '82
GDANSK

H PROC JULY 'B82
GDANSK

H PROC JuLY '82
PLOCK
GDANSK

IFP - RESID
CHEVRON

CHEVRON + HT
ENGELHARD-100 RON
P ~102 RON
H PROC JULY 'B2
PLOCK + HT (AVG)
GDANSK

TYPICAL
5P GR

0.5411
0.7798

0.8017
0.8017

0.9042
0.8584
0.8984

0.9659
0.0000

0.7883
0.7883
0.7883
0.8017
0.7883
0.8017

74212
111317
105264
153650
153000

125734
188601
180380
205580

174000
83337
122000

0

130588
178000

147369
61000
131000

86221
a

573487
503058
130795
759784
760000
657000

10 °C DELTA T
cw
M3

14.2
146
9.7

i1.4
13.7

9.5
14,0
14

7.0
0.0

4.8
1.2
0.0
23.5
15.0
5.7

POWER
KWH

3,49
2.42

9.43
12.60

10.03
14,00
2.40

55.42
0.00

5.59
15.98
7.99
28.28
42.00
7.80

211.2
256.5

59.9
4.8

53.4
55.6
3

218.9
0.0

-145.0
0.0
=45.3
154.0
138.8
521.2

=0
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Tccu

ALKYLATION - PRODUCT

CAT POLYMERIZATION
PROPANE DEASPHALTING

LUBES ~ PDA

~ FURFURA, | 18

~ DEWAXING

= HYDROFINISHING

GREASE — PER TONNE

TYPICAL REFINERY UTILITY USAGE

CORRBRINERRRNORNEOEINIAEREEEANES

PER 1.0 TONNE CAPACITY EXCEPT AS NOTED

REF HDBK
1990+
MW KELLOGG
H PROC JULY ‘82
PLOCK
PLOCK 1l

H FROC JULY '82

STRATCO H2504
PLOCK

H PROC JULY 'B2
IFP

KERR—McGEE

F¥ CRACKED

H PROC JLY '82

Fw LUBE
AN

E

SHEL

CANMP - 103 W
HLOCK
GDANSK

SHELL MEK
PLOCK ACETONE/BENZE
GDANSK Dl--ME

SHELL.
FLOCK
GDANSK

STRATCO

TABLE AP-E9

TYPICAL
SP GR

0.7796
0.779¢6

0.5859
0.9861
0.9861
0.9861
1,0071

0.9861
0,986 1
0.9659

0.9042
0,9042
0,9042
0.9042

0.8927
0.8927
0.8927

0.8927
0.8927
0.8927

0.0000

FUEL 10 °C DELTA T

FIRED Ccw POWER STEAM

KCAL M3 KWH KG
390019 0,0 607 -305.9
422627 29.4 44,50 47.7
601930 32.0 62.00 55.6
8G8770 17.0 28.60 74.1
471539 29.4 36.41 -47.7
0 62,6 109.05 659.7
385680 116.0 41.00 130.0
0 20.5 41.27 8936.3
38206 0.0 B.94 20.3
152823 0.0 12.77 34.8
143171 0.0 12.77 1739
574573 34,0 6.00 143.0
138345 10,0 13.41 333.2
550000 26,3 10.20 268.0
298600 9.5 31.60 117.0
414000 27.9 9.9¢ 137.0
354389 53 0.00 171.8
453860 30.0 20.00 3333
281500 8.0 313 134.8
440 36.1 27.40 1233.0
0 49.0 110.00 1463.0
0 19.4 36,13 1593.7
150000 4.1 9.20 106.0
152400 25.0 8.50 148.1
150000 1.1 3.95 141.0
545000 660.0 81,50 0.0
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TABLE AP-E10Q
TYPICAL REFINERY UTILITY USAGE

HORAETIRREERICHLOGEESIRNRMECARESE

PER 1.0 TONNE CAPACITY EXCEPT A" NOTED

FUEL 10 °C DELTA T

Kama £

REF HDBK TYPICAL FIRED oW POWER  STEAM
uNY 1950 SP GR KCAL M3 KwH KG
HORACKING ¢ LUMMUS/OXY/AMOCO  0.9833 90498 .6 580 -103.2
1.0389 106573 38 100,02 -265.8
* CHEVRON 0.9159 247673 B85  4B13  -156.0
' P 0.9248 68607 0.0 19.07 35.6
* LINDE 0.9248 85758 4.9 10.21 0.0
* UNOCAL/UoP 1.0114 211722 0. 62.28 0.0
H PROC ALY 'B2 0.9340 326083 275 3236 441
THERMAL CRACKER H PROC JULY '82 0.9340 81521 29.4 3641  —47.7
VISBREAKING * LUMMJUS ~ 356'FFEED  1.0129 117455 6.3 3,51 126.9
+ rp 0.9659 37455 0.0 12.29 31.4
H PROC JULY ‘B2 1.007 302083 8.2 2,25 85,1
% COKING * LUMMUS - DELAYED  1.01B7 225779 42 2411 56,1
m ¢ EXXON ~— FLEXI 1.0513 0 5.t 7787 2718
- ' W 1.0255 150345 08 2142 -1083
N H PROC JULY '82 DEL  1.0071 344744 28.3 7.50 88.7
H PROC JULY '82 FL.  1.0071 ~9450 283 2626 -224.7
COKE CALCIMNG~PER TONNE® GKT — W GERMANY 0.0000 270000 54.00 1950.0
ASPHALT BLOWING * SNAM - BO/100 PEN 1.0300 55000 0.0 4,00 20.0
- 40/50 PEN  1.0380 65000 0.0 10,00 20.0
PLOCK 1.0143 139700 0.0 5.00 18.5
GDANSK 1.0143 90165 0.0 16.95 B6.6
MTBE - PRODUCT CD YECH 0.7899 0 55.4 7.87  1057.3
¢ PHILLIPS 0.7999 0 55.7 866 8001
MEA UNIT (1.0 TONNE S} H FROC JULY '82 0.0000 0 132,0 3306 5040.0
GOANSK 0,0000 0 0.0 0.00 62920
-3360
SULFUR PLANT (1,0 TONNE §) H PROC JiLY '82 0.0000 999295 0.0 11902 -5181.0
PLOCK 0.0000 1397000 0.0  BB.00 -1075.0
GDANSK 0.0000 33 35.0 11,90 -1075.0
H2 PLANT {1000 NM3)(6&7) 0.0000 4038 4.1 112,22 65.5
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CRUDE DISTLLATION

CRUDE/VAC DISTILLATION

VAC DISTILLATION

VAC FLASHER
LT ENDS FRACT'N (USE)
LPG
NAPHTHA SPLITTING
HTREATING -~ NAPHTHAS

~ GAS OLS

~ RESIDS

REF ORMING

REF HDBK

1990
TECHNP LO 4TWR
TECHNP H 4TWR
H PROC JULY ‘82 Hy
H PROC JULY '82 U
GDANSK
fW LO RANGE
FW  Hi RANGE
PLOCK LO RANGE 182
PLOCK H RANGE 34&4

SHELL - LUBES
H PROC JULY '82
GDANSK

H PROC JULY '82
GDANSK

H PROC JULY ‘B2
PLOCK

GDANSK

IFP - RESID
CHEVRON

CHEVRON + HT
ENGELHARD-100 RON
IFP ~102 RON
H FROC JULY '82
PLOSK + HT (AVG)
GDANSK

TABLE AP-E. 11

TYPICAL REFINERY TOTAL ENERGY USAGE
T L T T T T P TP P T YR P AT TR ST Y

PER 1.0 TONNE CAPACITY EXCEPT AS NOTED

SAY USE SAY USE
FUE. 10 °C DELTA T TOTAL TOTAL TOTAL

TYPICAL FIRED oW POWER  STEAM ENERGY ENERGY ENERGY
SP GR KCAL KCAL KCAL KCAL KCAL/T M KCAL/T M KCAL/T
0.8550 74212 1136 19445 14036 108829 110 58,7
0.8550 111317 1504 26516 28072 167409 70 90.2
0.9042 105264 8532 4012 17697 135505 135 77.2
0.8251 153650 12467 5715 14545 186377 185 96.9
0.8654 153000 240 12000 28140 193380 195 105.5
10093 125734 283 B985 47561  1B2563 185 116.2
1.0093 188601 283 8985 47561 245430 245 156.2
0.8628 180380 4800 11520 39200 235800 235 128.3
0.8628 205580 4500 19680 97300 327060 325 177.9
0.9218 174000 8520 B160 91700 282380 280 164.1
0,9593 83337 8786 5672 62547 160341 160 97
0.9340 122000 5820 16560 96600 240980 240 141.9
0.0000 0 0 0 0 0
0.0000 0 0 0 0 0
0.5411 0 6864 8379 147850 163094 165 55,6
0.7796 0 B246 5816 179583 193645 195 95,2
0.8017 130588 31849 22623 41913 198972 200 100.6
0.8017 178000 780 30240 3360 212180 210 107.3
0.9042 147369 5688 24071 37163 214292 215 122.1
0.8984 61000 B400 33600 38920 141920 740 B80.4
0.8984 131000 840 5760 2170 139770 140 79,2
0.9559 86221 4215 133006 153236 376678 375 229.4
0.0000 0 0 0 0 0
0.7883 573487 2900 13421 -101488 488319 490 242.7
0.7883 503058 725 38345 0 542128 540 269.4
0.7883 130795 0 19173 31715 118253 120 58.8
0.8017 759784 14313 67868 107775 949540 950 479.9
0.7883 760000 9000 100800 97160  $6696G 965 480.6
0.8017 657000 3420 18720 364840 1043680 1045 527.%
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TABLE AP-£.12

TYPICAL REFINERY TOTAL ENERGY USAGE

LA I LI SRR R E P TYS L Ty T T Y Ty g
PER 1.0 TONME CAPACITY EXCEPT AS NOTED §
SAY SAY “
FUEL 10 °C DELTA T TOTAL TOTAL TOTAL
REF HDBK TYPICAL FIRED cW POWER  STEAM  ENERGY ENERGY ENERGY
UNT 1990 SP GR KCAL KCAL KCAL KCAL  KCAL/T  MKCAL/T M BTU/Bbi
Fecu MW KELLOGG 0.9340 390019 0 14564 ~214143 130440 190 112.1
H PROC ALY '82 0.9340 422627 17621  10BBOO 33406 580454 580 341.8
PLOCK | 0.9340 601930 19200 148800 38320 808850 B10 476.3
PLOCK I 0.9340 808770 10208 67200 51870 938040 940 552.3
TeCy H PROC JULY '82 0.9340 471539 17621  B7382 -33406 543136 545 319.8
ALKYLATION  ~ PRODUCT STRATCO H2504 0.7796 0 37566 261713 461785 761064 760 374.1
PLOCK 0.7796 385680 62600 98400 91000 644680 645 316.9
CAT POLYMERIZATION H PROC JULY '82 0.5859 0 12289 99052 655404 766745 765 283,2
PROPANE DEASPHAL TING P 0.9861 38206 0 21458 14198 73862 75 45,9
KERR-McGEE 0.9861 152823 0 30655 24340 207818 210 129.2
* FW CRACKED 0.9861 143171 6 30655 121701 295527 295 183.7
H PROC ALY '82 1.0071 574573 20427 14407 100092 709439 710 450.5
LUBES - PDA FW  LUBE 0.9861 137345 6013 32187 233260 408805 410 254.1
SHELL 0.9861 550000 15780 26160 187600 779540 780 484.6
GDANSK 0.9659 298600 5700 75840 102300 483040 485 294.1
~ FURFURAL /NWP SHELL 0.9042 414000 16740 23760 95900 550400 550 3138
* EXXON NMP — 103 VI 0.9042 354389 3160 23402 120117 501068 500 285.6
PLOCK 0.9042 453860 1B0OG  4BOOO 233310 753170 755 429.3
GDANSK 0,9042 281500 4782 7512 94360 388154 390 221.3
~ DEWAXING SHELL MEK 0.8927 440 21660 65760 863100 950960 950 535.2
PLOCK ACEYONE/BENZE  0.8927 0 29400 26400 1024100 1079900 1320 607.8
GDANSK Di~ME 0.8927 0 11622  B4312 1115590 1211524 1210 881,8
~ HFINSHING SHELL 0.8927 150000 2460  220B0 74200 248740 250 140.0
PLOCK 0.8927 152400 15000 20400 103670 201470 280 164.0 3
GDANSK 0.8927 150000 6654 9480 98700 264834 265 149,0 z
g
GREASE - PER TONNE STRATCO 0.0000 545000 396000 1956000 0 1136600 1135 -
5
F
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HCRACKING

THERMAL CRACKFR

VISBREAKING

COKING

COKE CALCHING~PER TOMNE®

ASPHALT BLOWNG

MTBE ~ PRODUCT

MEA UNT (1.0 TOMNE )

SULFUR FLANT (1.0 TONNE S)*

H2 PLANT (1000 NM3X647)

- o & &

TABLE AP-£.13

TYPICAL REFINERY TOTAL ENERGY USAGE

ALY I L LI IR DAL LTI LR T T LI Y {7}

PER 1.0 TONNE CAPACITY £XCEPT AS MOTED

REF HDOK
1990

LUMMIS /OXY /AMOCO

CHEVRON
¥P

LINDE

UNOCAL /410P

H PROC KLY 'B2

H PRGC #ULY 'B2

LUMMUS ~ 356°FFEED
P

H PROC JULY 82

LUMMUS ~ DELAYED
EXXON - FLEX|

FW

H PROC RAY ‘82 BEL
H PROC JULY 82 FL

GKT ~ W GERMANY

SNAM - BO/100 PEN
- 40/50 PEN

PLOCK

GDANSK

D TECH
PHLLIPS

H PROC HAY 'B2
GDANSK

H PROC ALY '82
PLOCK
GDANSK

TYPICAL
5P GR
0.9833
1.0389
0.9159
1.9248
0.8248
1.0t14
0.9340

0.8340

1.0129
0.9659
1.0071

10187
1.0513
1.0652
1.0071
1.0071

0.0000

1.0300
1.0360
1.0143
1,0143

0.7999
0.7999

0.0000
Q.0000

0.0000
0.0000
0.0000

0.0000

90498
106573
247673

68607

A5758
211722
326083

81521

f17455
37444
302407

225779
a
180395
344744
-9450

276000

55000
65000
139700
80165

0
0

999295
1397000
33

4038

t0 °C DELTA T

2524
5436
487
16951
16951

[ == = I =]

33220
333098

78200

21000

2468

129109
240036
115516
45758
24513
149428
77673

87382

7461
29731
5407

57861
186898
51564
18008
63029

129600

9600
24000
12000
40682

18895
20784

79344
0

285638
163200
28560

26934

STEAM
KCAL

-72207
~186741
-109182

27033
0
0
30837

~534086

BBBSS
21950
59578

39267
-180255
~75819
69111
~157287

1365000

14000
14000
12850
60634

740134
560102

352800
4434400

0
0
~752500

45825

TOTAL
ENERGY
KCAL/T

148333
162123
259145
141398
113206
361150
451413

153118

217583
89125
372295

325431

2078
156627
448514
-86757

1764600

78600
103000
164650
191481

792248
514285

511344
4404400

1284933
1560200
=702907

321662

]

|
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TABLE AP-E.14
USA

TYPICAL REFINERY TOTAL ENERGY USAGE

ARANRAARRARA AR AR NARARRRA R AR AR AR R AR

COMPARISON OF TYPICAL REFINERY UNIT TOTAL ENERGY REQUIREMENTS
AGAINST A REASONABLY EFFICIENT 80 000 BPSD USA FUELS REFINERY

(ENERGY REQUIREMENT = 380 000 BTL//BBL CRUDE FEED)

REF: PELHAM & MORIARTY, PROFIMATICS INC, HYDROCARBON PROCESSING, JULY 1985 Pg 51 - TABLE 1

UNIT

rerrbererrer

CRUDENAC UNIT

LT ENDS FRACTINATION
NAPHTHA HDS
CATALYTIC REFORMER
ALKYLATION UNIT

FCC UNIT

TOTAL PROCESS UNITS

TOTAL REFINERY PREDICTED
TOTAL REFINERY REPORTED

TOTAL

ENERGY

CAPACITY DEMAND
BPSD Bu/BbL
80000 133700
SAY 1000 56300
16000 101100
16000 480200
5500 368600
24000 341600
376455

378455

80000 380000

TOTAL CRUDE FEED @ 6.0 MM BTU/RbL

ENERQY EFFICIENCY - % ON CRUDE

NOTE: THE CLOSE CORRESPONDENCE OF THESE RESULTS APPEARS TO JUSTIFY THE GENERAL VALIDITY OF THE 'TOTAL

CALC'D REFORTED
TOTAL TOTAL
ENERGY ENERQY
DEMAND DEMAND
MBl/D MBw/D

10696.0
56.3
1617.6
7683.2
2027.3
8196.0

30276.4

30276.4
30400,0

- 4800000 480000.0

6,31 6.33

TOTAL
ENERQY
DEMAND

%

353
0.2
5.3

254
6.7

271

100.0

ENERGY DEMAND® FACTORS IN REPRESENTING REASONABLE ENERGY EFFICIENCIES IN A MODERN REFINERY CONTEXT,

HOWEVER, IT SHOULD NOT BE OVERLOOKED THAT THE CONCLUSIONS OF THIS PAPER WITH THERMODYNAMIC AND
'PRACTICAL UONSIDERATIONS OF REFINERY ENERQY LOSSES WAS TO SUGGEST THAT GIVEN THE CURRENT REFINERY
CONFIGURATIONS AND TECHNOLOGIES, CONGEIVABLE FURTHER IMPROVEMENTS COULD APPROXIMATE 23 PERGENT,

IR 4 2 0 =Tas:¥4
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0% At Pt e s St 2t B o e

DISTILLATION

ATMOSPHERIC
ATMOSPHERIC

ATMOSPHERIC /VACUUM LUBES

ATMOSPHERIC /VACUUM FLASH
VACUUM - FUELS

LPG

NAPHTHA SPLITTING

FCC GAS PLANT

CRACKING

FCC

TCC
VISBREAKING
DELAYED COKING
FLUID COKING
FLEXI COKING

HYDROTREATING

NAPHTHA
GAS OlL
RESID

HYDROCRACKING

GAS OLS
RESID

TABLE AP-E.15
USA
TYPICAL REFINERY UNIT ENERGY USAGE

Sk ook dokoh ok kol kAo dobob kool bbbk A ok

SELECTED SPECIFIC ENERGY DEMANLS

BASIS
FEED/
PRODUCT

2 Al i o e e ol e ek bl ok s o i sl e G

FEED
FEED
FEED
FEED
FEED
FEED
FEED
FEED

FEED
FEED
FEED
FEED
FEED
FEED

FEED
FEED
FEED

. FEED

FEED

FEEDSTOCK
OAP| Sp Gr
25.0 0.9042
40.0 0.8251
32.0 0.8654
32.0 0.8654
16.0  0.9593
130.0 0.5411
50.0 0.7796
0.0000
20.0 0.9340
20.0 0.9340
9.0 1.0071
9.0 1.0071
9.0 1.0071
0.0000
45.0 0.8017
25.00 0.9042
 0.0000

~20.0 0.9340

0.0000

SPECIFIC
ENERGY
DEMAND
KCAL/T

1073
135
185

305

245
160
165
195

580
545
350
450
~85

200

215

400

SPECIFIC
ENERGY
DEMAND

BTU/BBL

341.5
320.9
222.2
285.7
-54.0

101.1
122.6

233.5

- Wi et e g
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TABLE 15 - CONTINUED

USA e
TYPICAL REFINERY UNIT ENERGY USAGE g
T e T _ &

SELECTED SPECIFIC ENERGY DEMANDS
SPECIFIC ~ SPECIFIC

BASIS ENERGY  ENERGY
FEED/ FEEDSTOCK DEMAND  DEMAND
UNIT PRODUCT  ©AP| Sp Gr KCAL/T  BTU/BBL
LUBES
VACUUM — LUBES FEED 22.0  0.9218 0 446.2
PDA — LUBES FEED 12.0  0.9861 250 145.3
FURFURAL /NMP FEED 25.0  0.9042 525 2993
DEWAXING — MEK /DI-ME FEED 27.0  0.8927 950  534.7
HFINISHING FEED 27.0  0.8927 200 112.6
BLENDING PRODUCT 27.0 0.8927 USE 30 16.9
REFORMING FEED 45.0 0.8017 950  480.2
TREATING _
MEROX FEED 350 0.8498 USE 20 10.7
PDA — FUELS FEED 9.0 1.0071 250 158.7
AMINE PRODUCT PER TONNE 3650 3650.0
SULFUR PLANT PRODUCT PER TONNE ~1000 -1000.0
HYDROGEN PLANT PRODUCT 1000 NM3 320 320.0
GENERAL _ :
ALKYLATION PRODUCT 50.0 0.7796 750  368.6
POLYMERIZATION FEED 110.0  0.5859 750  277.0
OLIGOMERIZATION PRODUCT 50.0 0.7796 200 98.3
MTBE PRODUCT 450 0.8017 700  353.8
GREASE PRODUCT PER TONNE 1150  1150.0
COKE CALCINING PRODUCT PER TONNE 1750  1750.0 2
ASPHALT BLOWING: ~ FEED | PER TONNE 100 100.0 b
BLENDING — FUELS - FEED- . 350 0.8498 20 10.7 ,é-’:‘
m




