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Section 1

Executive Summary _

Shown below m FIgure 1-1 IS an overvIew of the downstream petroleum sector mcludmg the
major actIVItIes performed and the enterpnses that perform them These wIll be dIscussed m the
sectIOns that follow

RomanIa IS well mto the transluon from a stnct socIalIstIc command-and-control system to a
capItalIstIc, free-market economy The government-owned downstream petroleum sector IS one
legacy of the pnor system that must be restructured and pnvatlzed to proceed WIth thIs transItIon

11Romama Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment Study - Final Report

To cure these problems, fundamental and radIcal change are necessary The government's
mvolvement m the sector needs to be relaxed, pnces must be permttted to respond to market
condIt1ons, and capaCIty and employment must be ratiOnalIzed Only then can the sector be
restored to profItabIlIty and SubSIdIes ehmmated Followmg that the sector WIll be able to
generate Investment capItal and use It productIvely

To faCIlItate thIS restructunng and ratIonalIzatIon process, and provIde support to the efforts of
the World Bank to fund a loan for the cntIcal mvestments necessary, the Umted States Agency
for Intemauonal Development (USAID) IS provldmg aSSIstance to the Government of RomanIa
under the Energy Restrueturmg and Regulatory Reform zn Central and Eastern Europe and the
Baines program Bechtel Internat1onal, Inc IS the pnme contractor and Implementor of thIS
USAID asSIstance program In the performance of thIS RomanIa Downstream Petroleum
Restructunng Project task Bechtel was assIsted by U S subcontractors Arthur Andersen of
Houston, Texas and Intratech of McLean, VIrgInIa In RomanIa, the Team was assIsted by
subcontractors Energy Consulung S R L and Infochem Members of the USAID and World
Bank staffs m Bucharest and Washmgton DC proVIded valuable mput m the execut10n of thIS
study

RomanIa's downstream petroleum sector has many harmful dIstortIons caused by the vestIges of
central plannIng and contmumg government mtervent10n RomanIan consumers are paymg
exceSSIve pnces for refmed products, RomanIan oil producers are recelvmg low pnces for theIr
011, and the RomanIan government IS bemg depnved of an Important source of tax revenues All
of these dlstomons perpetuate an mefficlent sector that IS burdened by structural overcapacIty
and exceSSIve employment

At the tIme of the development of draftmg of thIS report, the central organIzatIon of the
downstream sector for allocatIon of crude and dIstnbuuon of product was referred to as Rafrrom
AddItIonally, Rafirom performed many other functIons related to centralIzed operatIOn of the
downstream sector under the MImstry of Industry (Mol) The Mlmstry of Industry IS now
referred to as the Mmlstry of Industry and Trade (MoIT) and will be referred to as such m thIS
document Rafirom functIons are now beIng substantIally performed by the new NatIOnal 011
Company, Petrom SA, WhICh IS stIll under formatIon To aVOId confuSIOn WIth the upstream
company, Petrom R A , the name Rafirom WIll be used m thIS report to refer to the contInuIng
centralIzed functIons of the NatIOnal 011 Company
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Section 1

Government Agencies l1..-- _

Overall, the RomanIan economy has been projected to contmue to grow, at a pace somewhat
above current levels We have projected Gross Domesne Product CGDP) to grow at a compound
rate of 4 0% for the next 10 years

The petroleum demand projectlons, shown m FIgure 1-2, assume modest growth mreal oil pnees,
averagmg $1 50 per metnc ton annually over the penod, exeludmg mflatlon. Based on annual
econonuc growth of40%, refined products demand IS projected to grow at a rate of3 0% per year

11 DEMAND AND PRICES

Demand for refined products, petrocheInlcals, and lubncants forms the bastS ofour analySIS ofrequrred
capaCIty over the next 10 years Requrred capaCIty, m tum, serves as the bastS for assessmg how much
ofthe eXIStmg capacrty will be needed and how much 15 redundant and should be closed Where
eXlStmg capaCIty IS htgher than demand, and such condrttons are llkely to contmue, excess capaetty
must be shut down so that the sector can be made econo11llcally VIable and efficrent

10f7197 319 PMltwln \97 5474\5474c002 doc

In ali ofour analyses, we have dehberately tilted the demand forecasts toward the Ingher end ofthe
range ofexpected outcomes In thIS way, we have sought to ensure that excess capacrty mthe
downstream sector eould be VIewed m hght offavorable condrttons that nnght reasonably be expected
to occur TIns mmmlJzes the flSk that any shutdown recommendatlons will be premature We beheve
that the shutdowns recommended herem are preInlSed on reasonable expectatlons about future demand
and, therefore, eapaCIty requrrements
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through 2000 and 2 7% thereafter through 2005, nsmg from 14 8 million metnc tons (MM.T) m 1995
to 19 7 :M:MT by 2005

Wlthm categones of rermed products, growth IS expected to be hlgher for hghter products Wlth
motor gasohnes growmg rapIdly at 4 5% per year and dIesel growmg robustly at 4 0% per year
Growth IS expected to be lower for heaVier products, such as fuel 011 (WhICh grows at Just 1 0%),
that are used pnmanly to fuel mdustnal and power plants Because of enVlfonmentallssues, the
sulfur content m dIesel and fuel OllIS expected to dechne rapIdly through d1splacement by
low-sulfur products Overall, clean fuels are projected to nse from 43% of the overall fuels ID1X ill

1995 to 48% by 2005

1-3

ExecutIVe Summary
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Section 1

PetrocheIDlcal demand IS also projected to grow rapIdly, nsmg 4 6% annually over the lO-year
penod, mcludmg exports In the domestic market, petrochemIcal demand IS expected to soar,
nsmg 60% annually over the 10-year penod, reflectIng expectations that Romaman consumption
will move closer to that of the European Commumty ill Items such as plasnc and rubber products,
synthenc yarns and fibers, etc The export market, consIStIng of regIOnal econOIDles that are
growmg less rapIdly, IS expected to grow at 3 3% annually over the 10-year penod In RomanIa,
the major petrochemIcal products mcludmg polyethylene, polypropylene and acrylomtnle, are
projected to grow 44%,4 1% and 36%, respecnvely, per annum over the lO-year penod
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12 MANUFACTURING

The manufactunng sub-sector mcludes refinenes, petrochemIcal plants and lubncants operatIons,
WhICh are mtegrated mto large manufactunng complexes The most Important consideratlon IS
structural overcapacIty m refimng Lesser ISsues mvolve teChnOlOgIcal obsolescence at unIts
Wlthm the petrocheIDlcal plants and at all of the lubncants umts

In all cases, mtematIonal market-based, dIStance-dnven transportatIOn costs were mcluded m our
determmatIons mstead of the regulated tanffs apphed m RomanIa Such cost-based transportatIon
expenses were apphed based upon actual dIStances to and from the refinenes and Import/export
pomts to ensure that these lIDportant factors were consIdered ill our conclusIOns

Refined products pnces are projected to grow at modest real rates over the lO-year penod,
averagmg 1 5% for motor gasohne, 1 8% for dIesel and 0 7% for fuel Oll Petrocheffilcal pnces,
whtch vary Widely on a cychcal basIS, were not projected for modehng purposes, but mstead were
assumed to remam constant at 1995 levels over the entlre lO-year penod As shown m
subsequent sectIons, those petrocheIDlcal pnces are relatIvely htgher than can be expected m most
future years, however, the use of abnormal pnces has no Important Impact on our conclusIOns
about closure of one plant versus another

1-4

ExecutIVe Summary
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Section 1

It IS lIDportant to note that m all of our analysIS of the manufactunng complexes, the pnces for
crude Oll, refined products and petrochemIcals are based upon market pncmg rather than the
current regulated pncmg Byapplymg market pnces to domestIC purchases and sales, as wen as
lIDpOrtS and exports, It IS pOSSIble to obtam a clear VIew of the relatIve econOmIc attractIveness of
manufacturmg products for domestIc use or export versus Importmg Market pnces are better
tools than regulated pnces m evaluatIng econOmIC VIability and were apphed m valumg feedstock
supply, product sales, and exports WhIle we used projected future pnces m our analysIS,
htstoncally pnce forecasts have not been rehable because of actIOns taken by the OrgarnzatIOn of
Petroleum Exportmg Countnes (OPEC) We do not need to predIct future pnces accurately to
assess the performance of enterprISes whose results are all pnced usmg the same assumptIons
The absolute level of market pnces will change With market condItIons, however, such changes
have very lImIted lIDpact on the conclUSIOns about retammg or shuttmg down one plant versus
another

10fl/97319 PMJlwln \97-5474\'i474c002 doc

12 1 Economic Benefits of Our Recommendations

Under RomanIa's controlled pnces, the downstream sector appears to be profitable but, m fact,
manufactunng alone IS losmg almost $1 0 mIllion per day, a total of $305 mIl1Ion per year when
market pnces are consIdered Market-pnced econOIDlC results for the sector are dIfficult to obtam
as all reported results are heavily dIstorted by cross-subsIdIes mto and out of the sector and
between members withm the sector Table 1-1 shows our constructlon of the economIC loss for
manufactunng based on market pnces for tlus rmportant part of the sector Because all data were
not available-on a conSIstent basIS, the results had to be estlmated usmg a combmatIon of 1994
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and 1995 data obtamed from a vanety of sources The net result IS not exact, but the order of
magmtude of the loss IS correct for illustratIve purposes
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Table 1-1
Current Economic Loss from Manufacturmg

10 Refining Complexes -1994/1995 Data

$Mllhons

Reported "OperatIng Profits" from Manufacturmg 139

Ehnunate Subsidies Reflected m the Operatmg Profits above
DomestIc Crude Oil Purchased Below Market (1) (269)
Refined Products Sold Above Market (2) (230)
Petrocherrucals Sold Below Market to Others (3) 55

Total Net SubSidies (444)

Real Annual Econonuc Loss from Manufacturmg (305)

(1) In late 1995 the market pnce of lDlported crude ou dehvered In Romania had a cost of
$134 per ton as compared WIth the $92 per ton paid to Petrom TIns represents a $42
per-ton subSIdy from Petrom to the refiners on an annual volume of 6 5 mI1hon tons of
domesnc crude Oll a total of $269 mllhon per year

(2) Refinery gate pnces of $162 per ton charged by the refiners m 1995 were apprmamately
12% Ingher on average than mternanonalpnces On the 118 mllhon tons of refined
product sold ill the domestic market tins represents a subSidy from consumers to the
refiners of a total of $230 mI1hon per year

(3) Petrochenucals products used m the domestic market ill 1995 were sold at pnces whlch on
average were 36% lower than the $790 per ton mtematlOnal pnce On the 193 000 tons sold
the petrochenucal sub-sector subSIdized other mdustnes at a total cost of $55 mI1hon net

The $305 mtlhon annual econOIDlC loss from manufaetunng results from two major mterrelated
factors

• The manufactunng sub-sector IS plagued WIth huge overcapacIty In refmmg 10
plants operate when SlX would meet domestIc demand Tlns leads to masSIve
dIs-econOmIes, for example

(a) Excess employment IS very hIgh The 10 plants employ 37,700 people when only
12,900 employees and contract workers could meet the needs By con1lnumg to
employ 24,800 excess people m the workforce at an annual average cost of
wages and benefIts totalmg $3,076 per person, a cost of $76 mtlhon per year IS
Incurred, contnbutIng to the sector's real econOIDlC loss

(b) To keep all 10 plants operatIng, the refinenes process too much crude 011, a total
of 18 MMT of crude oil when 10 MMT would produce better results The extra
crude OllIS cycled mto the refinenes from Imports and VIrtually all products are
then exported, an actIVIty wlnch conclUSIvely produces losses, WhICh we estlmate
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ExecutIVe Summary

The substantlatlon of the esllmates shown above IS demonstrated m the hIghly sopmstlcated
econOmIC models presented ill the subsequent sectlons of thIS report The pOSSIble Improvements
are detaIled m Table 1-2

$ Millions

Calculated. EconOmIC Loss of 10 Manufactunng Complexes (305)

Improvements EstImated m (a) through (e) above
Ehmmate unnecessary labor 76

Ehmmate excess crude runs that produce losses 160

Mamtenance. utI.1Itles. msurance. etc. on four unneeded plants 85

Ehmmate excess fuel use and product losses m manufacturIng 130

Total Identified Improvements (a) through (e) 451

Other --<1l
Total of All Improvements 447

Expected Operatmg Profit With SIX Manufactunng Complexes 142

at $20 per ton on the extra 8 MMT TIns represents an aVOIdable loss of $160
nulhon per year

(c) Mamtenance, ut!htles, msurance, and taxes are mcurred on the four unneeded
plant complexes, an aVOIdable cost of $85 nulhon per year

c
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Table 1·2
Potential Annual Profits After Capacity Reductions

With RationalizatIon and Improvements In Operating PractIces USing Market Pnces

• The eXlstlng plants are operated very illefficently

(d) The operatlng practlces used are based upon unchangmg (set-It-and-forget-lt)
operatIng paradIgms whIch sub-optunlze product YIelds and contnbute to
exceSSIve destructlon of products through fuel use and loss m manufacturmg We
esllmate that the costs m substandard YIelds (product giveaways) and exceSSIve
hydrocarbon losses (or unaccounted-far-losses) total at least $130 nulhon per
year ThIs sIgnllicantly contnbutes to the sector's real econOmIC loss

(e) To pay for crude all, the refinenes engage m costly barter arrangements whIch
destroy value through transportatlon and uneconOmIC pncmg The costs of these
practlces are mcluded m Item (b) above The foreIgn currency costs of barter
arrangements are dIscussed ill subsequent sectlons
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Once a rat1onahzaTIon plan IS tmplemented and true econOIDlC operat1ng profits nse from a loss of
$305 mtlhon per year to a profit of $142 mtlhon per year, the SIX remammg manufactunng
complexes Wl1l have a pOSITIVe NPV of $1 2 b:illJ.on over 20 years, fully $39 bIlhon more value
than the sector has under current pohcles and practlces

In addItlon to the gams m profitability of thts downstream sector, Table 1-1 shows that usmg
market-based pnces the upstream sector would receIve $269 rrulhon more per year to use m
explormg, developmg and producmg crude 011 to reduce the natlon's dependency on Imports The
econOIDlC value of reduced tmports has an NPV of $4 8 btlhon over the next 20 years Table 1-1
also shows that eIther (1) consumers would enJoy lower pnces of $175 mtlhon (net) per year or (2)
alternatively, the government could tmpose eXCISe taxes to fund other VItal natlonal mterests such
as restoratlOn and expanSIon of the naTIon's hIghways, roads and mass tranSIt systems

12 2 ForeIgn Currency Implications

The recommended raTIonahzatlon offers tmportant opportumtles to dramatlcally reduce
Romama's foreIgn currency reqUlrements for lIDportmg crude 011 and refined products Over
tlme, the redUCTIons m prodUCTIon can reduce these requrrements by more than half, saVIng on a
NPV basIS more than $2 4 billton over 20 years The detalled calculallons are very lengthy and
are not reproduced here A slIDphfled representatlon of the most Important tmpacts IS presented
m Section 2 and IS summanzed m Table 1-3 below

Based upon a net loss of $305 nulhon per year, the Net Present Value (NPV) of the
manufactunng complexes negatIve $2 7 bIlhon, usmg a 10% dIscount rate and 20 years of net
cash flows The assets used m manufactunng represent a major mvestment for the nauon TheIr
actual NPV IS unknown, but the current replacement cost would hkely exceed $10 btlhon
Certamly, these facilitles would not be rebmlt at such a lngh capaCIty and clearly only usmg newer
technology However, thts figure gIves an mmcatlon of the value of assets that are bemg
deployed WIth no econonuc returns and, m fact WIth extraordmary destrucuon of value

ExecutIVe SummarySection 1
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There are excepllonal benefIts to the Government of RomanIa the petroleum sector and to
customers m Imp1emen1lng the recommendallons reflected m tIns report

Demand growth over the foreseeable future will not be enough to make the operallon of 10
refinenes profItable Unless refmmg capaCIty IS rallonahzed, these problems will con1lnue for
more than a decade or longer Romama's demand for refmed products, even WIth rapId growth,
can be read11y met by reducmg operatmg plants from five to three large refmenes and from five to

(1) All amounts exclude capItal Investments m the manufactunng complexes and any costs other than hydrocarbons used
m the sector OIl pnces based on 1995 levels, nsmg $1 50 per annum thereafter Net exports of petrochemICals are
also excluded but would be the same under both scenanos

(2) Represents 10 refinenes operalIng and milIal processmg of 18 :MMT of crude oil, nsmg WIth demand

(3) PnmarIly represents new domestIc oIl supphes discovered by releasIng the $269 mIlhon per annum subsIdy by
Petrom to the refinIng sub-sector Excludes the four closed refinenes and assumes no barter processmg IS performed

Annual Cost (1)
1995 2000 2005 NPV

Current Costs Under EXlstmg Operaung Pracuces (2) 985 1,273 1,635 10,825

Reductron Under the Proposed Ratronahzauon (3) (16) (378) (595) (2,439)

Costs Under Our Ratronallzauon Recommendatlons (3) 969 895 1,040 8,386
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123 Refining

In the refinmg sub-sector, the eXIsllng capaCIty IS 33 mllhon metrIc tonnes (MMT), WhICh IS
almost twIce the amount requrred to econOmIcally meet demand over the next 10 years, even after
assummg robust growth ill consumer demand DespIte the excess capaCIty, aU 10 of the refinenes
are opera1lng, 1eadmg to wasted resources and destrucllon of badly needed capItal WIth 10
refmenes opera1lng, our analysIS above shows that under market-based pncmg, Romama's
refmmg mdustry IS 10smg enormous amounts of money, on the order of $300 nulhon per year
These losses are hIdden through a vanety of large subsiwes from producers and from consumers,
but are nonetheless very real As shown above, we es1lmate the total subsl<hes to be $444 milllon
annually, of whIch over half IS prOVIded by below-market pnces to Petrom The rest of the
SUbSIdy IS prOVIded by above-market pnces charged to consumers These annual SubSIdIes work
out to $12,000 per year for each employee m the entlre petroleum manufactunng sub-sector,
about four 1lmes the average wage costs of an employee These masSIve SubSIdIes are not bemg
used to strengthen the refmers, but are bemg wssipated through mefficiency and waste, 1eavmg
the refiners unable to afford needed mvestment to lIDprove operallons and clean up the
envrronment
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three small refinenes After extensIve analysIs, based on quantItatIve and qualltatlve factors, we
have concluded two large and two small refinenes should be permanently shut down and
decoll1lIl1SslOned

The eXIstence of any suspended plants would ehmmate the mterest of potentIal mvestors m the
remammg VIable refinenes PotentIal mvestors will qUlckly recogmze that a healthy mdustry can
only eXlst If supply and demand are m balance They will not mvest 1f there IS a lOOmIng threat
that thIS dehcate balance can qUlckly be dIsturbed by mtroducmg a suspended plant mto the
marketplace

We analyzed each RomanIan refmery and determIned that none of them, mcludmg PetrOmldla, can
aV01d losses by servmg export markets on a sustamed baslS OccasIOnally, there are bnef
opportumtles to caplta1lze on aberrant market conmtIons and earn a profit on a smgle shIpload of
011 or partIally refined products m the Black Sea These temporary OpportunItIes Wlll be rare and
cannot make Romama's surplus capaCIty economIcally Vlable

In assessmg the VIability of retammg eXlstJng refimng capaCIty, rather than reducmg It, we
conSIdered the potentIal econOmIC consequences of usmg the surplus refmmg capaCIty to support
the export market If such export trade were pOSSIble on an econOmIC basIS, the surplus refmery
capaCIty could be utlhzed m that way The results were conclUSIve Export trade IS lust not
econOmIC on a sustaIned basIS

q
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The problem Wlth export markets m the MedIterranean IS that they serve as a market of "last
resort" for mcremental balancmg of markets In the MedIterranean market many regIOnal refmers
dIspose of surplus products that they do not sell m therr home markets Those sellers have no
other Vlable market alternatIves and the buyers of theIr products obtam low pnces because of
excess supply No refiner can profIt by lIDpOrtmg Oll and exportmg refined products m the
MedIterranean Our analySIS shows that Just the spread between the pnce of crude Oll and the
pnce of refined products IS negatIve ill the Memterranean market and has been so for many years
Under these conmtIons and usmg market crude pnces, the value of all of the refined products
made by the Romaman refinenes would be lO% lower than the cost of lIDportmg the crude 011
alone ThIs huge loss would be made even larger by addmg m the vanable and fixed costs of
operatIng the refinenes

Our analySIS COnflffilS that suspenSlOn or "mothballmg" of refinenes would not be enough The
refinenes must be decoIDmlSslOned through eIther sale (m whole or m part) or through scrappmg
of eqUIpment, or some combmatIon of both SuspensIon would slIDply be too expenSIve and the
ongomg costs to keep plants suspended would be borne WlthOUt any assurance that the refinenes
could be brought back on hne We also concluded that any long-term needs for future addillons
to capaCIty can be more economIcally achIeved through future expansIon of the remammg
refinenes than through potentIal reactlvatIon of surplus plants
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Lastly, essennal benefIts of the capaCIty ratIonahzanon are denved from f!Xed-cost savmgs wmch
are only reahzable upon plant closure If suspenslOn were employed, staff reductIons and other
cost savmgs would be unhkely to occur at the necessary levels and the slgmficant benefits of
downslzmg would not be reahzed These reasons fOlTIl a compelling case m favor of permanent
downs1Z1llg of the refmmg mdustry through decommtSSlOmng of surplus plants

In summary, the refmery sector can be charactenzed by the followmg key 18sues

• The refinenes currently operate at a slgmftcant real economtc loss

• Excess capaCIty of refmenes cannot be absorbed by demand growth

• Importmg crude oil for produenon of fuel oil or re-export of product 18
fundamentally uneconomIC

• The excess refinery capaCIty must be deCOmmtSSlOned

A tnmmed-down refmmg sub-sector will be much more effICIent and profitable, despIte the
meYltable allowance of producer pnces nsmg and consumer pnces fallmg to market levels An
altemanve to lowenng consumer pnces 18 for the government to take thts opportumty to Impose
eXCIse taxes to ralse revenues and mamtam pressure on energy conservanon, usmg the tax
revenues for Yltal natlonal purposes such as upgradmg the nanon's transportanon mfrastructure of
hIghways, roads and mass transIt After ratlonaltzatlOn, the refiners themselves should be able to
generate reasonable profIts, glvmg them the opportumty to generate suffIC1ent capItal on therr
own to enable remvestment m badly needed tmprovements m faethnes and management systems

1 2 4 Petrochemicals

Four of the manufacturmg complexes have petrocheffilcal facthnes Arpeclum, Petromtdta,
Petrotel and Petrobrazt WIthIn Romama, petrochemteal products sold m the domesne
marketplace are pnced at below-market, regulated pnces Petrochemtcal plants are used to
subSIdize other llldustnal producers who use such products m manufactunng ftnlshed products,
some of WhICh are also sold m export markets Petrocheffilcal products whtch are exported are
sold at market pnces Usmg market pnces, the petrochemtcals operanons presently contnbute
approxtmately $48 mtlhon annually to the sector on a pretax basl8
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The most tmportant elements of the petrocheIllicals sub-sector are the major ethylene and
propylene denvanves busmesses whIch are basICally sound The problems 1ll thts sub-sector all
Involve the secondary assets and redundant capaCIty Because of obsolete technology,
overcapaCIty m certam types of products, and low levels of opera1J.ng capaCIty ill others, we have
concluded that portlOns of each of the petrochemtcal plants are not, and cannot become,
economIcally Viable and should be permanently decommlSslOned In the case of Petrotel, all
petrocheIllical umts should be shut down, as these umts are not VIable WIth the refmery opera1J.ng
and they clearly cannot be VIable after the refmery IS closed At Petrobrazl, most of the
petrocheIllical umts are not VIable Whtle small umts producmg anhydndes are VIable If the
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12 5 Lubricants

The remamder of the lubncants busmess conSISts of lubes and waxes supphed to mdustnal
customers (mcludmg the military) and the commerCIal automouve market. So far, these markets

We recommend that all of the umts Identlfied above be shut down We also recommend that all
petrochenucal pnces be gradually deregulated and sold at market pnces

Lubncant facilitIes are mtegrated m fIve of the state-owned manufactunng complexes All of
these lubncant facilitIes are severely d1sadvantaged agamst :rmport compeuuon The technology
used IS obsolete, the facilitIes are old and m poor reparr, and management and operatIng pracuces
are not competluve Collecuvely, thIs results m products of mfenor quahty made worse through
contammatlon m handlmg m the dIstnbuuon process Product packagmg needs to be upgraded to
compare WIth that of lffiported lubncants
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rermery IS operatIng, closure of the refmery will render them non-VIable because of feedstock
supply dISruptIOn The speClfic facilitIes are detaIled below

• At ArpecluID, the ethyl benzene and EDPM rubber umts are non-VIable and should
be permanently shut down and decomIDlSsioned For reasons dIScussed below, all
currently Idle facilitIes, mcludmg styrene, polystyrene and ABS umts, should be
decomrrusslOned

• At Petrotel, the styrene, polystyrene and ABS polymers umts cannot operate
economIcally because of obsolete technology and should be deCOmmlSSIOned Also
at Petrotel, the polypropylene urnt IS redundant to a smular and better facility at
Petronud1a and both fac1hues are operatIng at far below capaCIty We recommend
permanent shutdown and decomnusslOnmg of the polypropylene Ulllt at Petrotel and
mOVIng the productIon to Petronudm WhICh can fulfill all foreseeable demand more
econonucally

• At Petrobr3ZI, the ethoxylates, phenol/acetone, and DMT are not econoIDlcally
vIable Whlle the small anhydnde umts are currently econoIDlcally VIable (m a
complex that IS non-viable overall), they cannot operate econoIDlcally should the
Petrobrazl refinery be closed

As a result of the foregomg, nearly 100% of the pnvate automouve lubncants market has been
lost to foreIgn compeutors These compeutors offer htgh-quallty branded products m attracuve
packagmg and support therr offermgs through effecuve markeung and dlstnbuuon ForeIgn
companIes have commanded thts dommant share, despIte sIgmficantly htgher pnces, because
Romaman consumers value therr real and perceIved product qualIty In our VIew, the consumer
automouve market has been permanently lost by the Romaman lubncants manufacturers and
PECO The costs of matchmg the quahty and Image of the foreIgn compames would be
enormous and none of the RomanIan enterpnses have the resources to do so
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13 DISTRIBUTION AND MARKETING

The level of shanng among members of the dehvery cham IS sIgntficantly chfferent from that m
market econOmIes In gasolme, for example, our analysIS demonstrates that PetroTrans receIves
$875 per ton for Its serVIces, over twIce as much as the $4 13 per ton receIved by transporters m

In transportatIon by the state-owned company, PetroTrans, country-WIde tanffs are substantIally
equahzed despIte lIDportant dtfferences m the costs of servtng markets nearest to and most remote
from the refinenes ThIs results m overchargmg the customers easIest to serve and underchargmg
those that are most dtffIcult to serve, perpetuatrng mefficlency m the whole economy

The nature of the problems affectIng the dtstnbutIon and marketrng sub-sector IS dtfferent from
those affectrng other sub-sectors However, the problems have slml1arly destructIve results
Along the cham of actIVItIes of the state-owned companIes m thts sub-sector, refmed products are
sold by the refiners to PetroTrans whIch transports and resells them to PECD, whtch then sells
them to the ultImate customers

I~
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have been retamed by the refmers and PECD due to the absence of foreIgn competItIon and the
fact that the buyers substantIally COnsISt of state-owned compames, who buy based on hlstoncal
relatIonshIps and low pnce rather than qualIty On balance, two of the lubncants operanons
servmg thts market Astra and Petrotel, are potentIally VIable m the near term We have
concluded that the lubncant facIhty of Petrotel can operate mdependent of the refmery The
lubncant operatIons of the others (Arpechtm, Vega, and Steaua Romana) cannot become VIable
and should be permanently closed

Astra and Petrotellubncant facilitIes currently operate at a loss They operate at break even
profitability WIthout cOllSIdenng any fixed costs charges We have assumed that the costs of
operatIng these remammg facilitIes can be reduced, that throughput can be mcreased by
consohdatIng the productIOn of all five facilitIes mto these two, and that operatIonal
Improvements could be made to Improve ytelds

Long term, however, once the lubncant customers become pnvate-sector companIes and once
foreIgn competItors gam access to thIS market, the Romaman state-owned lubncant operatIons are
expected to become and remam uncompetItIve ThIS can only be prevented If the manufactunng
staffs acqUIre new commerCIal skills and upgrade therr operatrng practIces, espeCIally m quahty
and customer servIce In the short term, we do not recommend closure of the lubncant
operatIons at Astra and Petrotel unless costs cannot be reduced
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As mentIoned earher, refmery gate pnces are hIgher than market pnces In the dehvery process,
transportatIon costs, dlstnbutIon costs and retatler costs are added, plus a margm for all of them,
to denve the final pnces to the customers Ultrmate pnces to customers are well above market
levels, yet none of the state-owned compames receIves a farr margm In the dIStnbutIon and
marketrng process
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PECO remams the only refmed products illstnbutor, controllmg all of the 154 bulk termmals and
the smaller depots Through thIS control, It IS a monopoly suppher to mdustna1 and agncultura1
customers These captive mdustnal and agncultural consumers are bemg overcharged to support
thIs uneconOmIC dIStnbutIon system ThIS system IS plagued by meffiClent dlstnbunon facIDnes,
and modes of transportatIon and undennvestment, all of whIch leads to product contammation
and envrronmental degradatIon

PECQ's losses are mOUDtlng, rendenng It unable to mvest at the same tIme that Its competItors
are bmlchng modem retaIl SItes and offenng consumers more chOIces PetroTrans has very
substantIal fIXed costs and Its transport volumes contlnue to fall The already mgh per-ton
transport cost charged by PetroTrans contInues to escalate, makmg the problem for both of them
worse over tIme Unless these pohcles are changed, thIs cost death sprral will eventually bankrupt
both compames

the Umted States (USA), and that PECD receIves $26 50 per ton, over two-tlurds less than the
$8230 dIstnbutors and marketers receIve m the USA We dId not analyze other products but
would expect to find snrular chstortlOns there as well Based on tins analysIS, the mtematlOnal
compames have not entered illto the bulk. chstnbution busmess m Romama In addItion, PECO IS
expenencmg great dJ.ffi.culties m Its busmess given the unreahstically narrow margm that PECO
receIves

These problems can be cured by releasmg PECO from all obhgatlOns to use PetroTrans and by
causmg PetroTrans to become cost-competItIve by ratIonallzmg Its own cost and pnce structures
usmg market pnncipies mstead of regulated cost-based pncmg for all smpments By removrng the
exceSSIve cost burden of PetroTrans from PECO, PECO will be able to generate badly needed
capItal to modernIze Its retaIl and dIStrIbutIon system The refmers, PetroTrans and PECO should
be given the nght to refuse to sell to customers who cannot or will not pay on a tImely basIS
Moreover, pnce regulatIon must be replaced With a system of market pncmg to ranonallze the
cost and margms along the dIstnbutIon cham
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PECD IS compelled to buy from PetroTrans, yet Its pnvate-sector competitors are not PECO IS
severely dISadvantaged m competmg, espeCIally m Its best markets, and these dIsadvantages have
therr ongms m two practIces FIrst, mdependent retallers pay therr bills promptly whIle PetroTrans
and PECO do not Refmers are willmg to chscount therr pnces to mdependents because of tImely
payment Second, mdependents can use pnvate trucks to pIck up products at the refinenes and
thereby bypass the mgh-cost zonal tarIffs charged by PetroTrans PECD cannot do eIther of these
and therefore has a mgher cost of servmg customers Fmal customer pnces are regulated based
upon the cost of the state-owned enterpnses, With PECO effectIvely chargmg the maxImum Its
mdependent competItors, however, enJoy lower costs, provIdmg them better profIt margms whIch
they can use to offer better facIhnes, longer operatIng hours and better servIce to customers and
stl1l earn acceptable profits As a result, the mdependents have captured over half of PECO's retaIl
market m Just a few years and will contmue to erode PECD's share
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14 GOVERNMENT INTERFERENCE

141 Supply Control and Allocation

Supply plannmg IS Imposed, effected by the refmenes, and Implemented through PetroTrans and
PECD Shortages, lOgIStICal delays and other supply dISeCOnOmIes are routme and costly to the
companIes and to consumers Central plannmg also Imposes on refiners the crude all slate chosen
on therr behalf rather than the one best sUlted to therr refinenes

The downstream sector as a whole IS sIgll1ficantly dIstorted by exceSSIve governmental
mterference Crude 011 supplIes to refmers and supplIes of refined products to PECD are
controlled and allocated Pnces of 011 supplIes, refmed products, and transportatIon are set at
arttficlallevels to subsIdIze the refmers at the expense of 011 producers and consumers State
enterpnses are compelled to do busmess Wlth one another even If It renders them uncompetITIve
agamst others m the marketplace Each of these problems IS dIscussed below

PECD Itself needs to ratIOnalIze Its busmess by closmg redundant dIstnbutIOn facilitIes, shuttmg
down low-volume retail SItes, and ratIonalIzmg Its staffing levels and Improvmg Its management
and operatmg practIces ModernIZatIon and upgradIng are necessary throughout the dIstrIbUTIon
and marketIng sub-sector In order to Improve customer servIce, speed up product flow and
protect the enVIronment PetroTrans must also ratIOnalIze Its cost structure and reVIse Its pIpelIne
tanffs based upon dIstance and servIce levels Wlth many more zonal demarcatIons

If
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1 42 Price Controls and Subsidies

Below market pncmg depnves domestIc crude producers of the capItal they need to explore,
develop and produce more crude 011, aggravatmg the need for Imparts and drammg hard currency
At the refinenes, pnce controls SubSIdIze capaCIty that IS not needed and Impose burdensome
excess costs on consumers PetrochemIcal manufacturers subsIdtze other mdustrIes through
below-market pnces In transportaTIon, pnce-controlled tanffs SubSIdIze those consumers that are
most costly to serve and penalIzes those easIest to serve The costs of all of these pnce controls
ultImately are Imposed on final consumers, at once makIng pnces hIgher than they need to be,
reducmg product avaIlability, and pushmg out the opportunIty for the government to Impose
reasonable eXCIse taxes to fund VItal natIonal mvestment

14 3 Industry Structure and Tariffs

Government mterference and the mdustry structure Itself have other harmful effects PetroTrans
serves as both a buyer and reseller of refmed products, but Its only real funCTIon IS as a transporter
TIns separates the refiners from theIr true customers and separates the dIStrIbutors and marketers
from therr real supplIers ThIs slows down the order placement and fulfillment process and
needlessly mflates workmg capItal requuements along the cham The reqUIrement that PECD buy
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from PetroTrans raIses Its costs and provIdes an opportunIty for mdependent retaJ.1ers Art1ficml
transport tarIffs and mflated refinery gate pnces are promotmg illegal product tradmg across the
nallon's borders Requrrements that state-owned compames be served even when they cannot or
will not pay are creatmg a fmanclal blockage of escalatIng proportIons

1 45 Non-payment by Customers

Under government pohcy compallles m the downstream sector are compelled to dehver products
to some state-owned compames (such as Renel) who do not pay therr bills promptly Currently the
refiners have enormous receIvables they cannot collect and owe Petrom enormous sums they
cannot pay The downstream sector cannot operate properly IT It IS contInuously decapItahzed
Regardless of whether or how past payment problems are resolved, the compames m the sector
should be permItted to sell m the future only under commerCIal terms, WIth expectatIons of prompt
settlement of accounts Wlth all partIes Each enterpnse must be gIven the opportulllty to sell only
IT the customer contmues to pay for all future dehvenes We recommend that tins apply
prospectIvely and not depend upon payment of amounts owmg for dehvenes precedmg the date
of adoptIon of our recommendatIOns

14 4 Currency and Credit Support for Imports

One current and Important role for the government IS to support the Importmg of crude oil and
refined products through converSIOn of LeI mto hard currency and Issuance of letters-of-credIt.
Untll LeI become convertIble, It IS unhkely that mtematlOnal traders will conduct busmess WIth the
refmers WIthOut such support Currently, thIs support IS proVIded through organIzatIons that do
not have responsIbility for econOmIC performance of any of the other operatIons of the sector
UltImately, those that do bear such responsIbilitIes must also assume these Import and tradIng
roles, m our VIew the sooner the better Refiners, for example, can Optlmlze theIr refmery YIelds
through proper selectIon of crude OIls and through opportumstIc processmg of other partIally
refined product streams that come avaIlable m the Black Sea and MedIterranean markets UntIl
they are exposed to the tradmg markets, refmers cannot be posluoned to realIze the benefits of
tradIng
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1 4 6 Recommended Actions

The followmg actIons must be taken to eltmmate the harmful consequences of government
mterference

1 Remove all pnce controls over crude oll and refined products, petrochemIcals and
lubncants over a relatlvely bnef penod comCldmg Wlth the refinery closures Untll a
compeuuve marketplace develops, tIe all pnces drrectly to mternatlOnalImport panty
levels and update the pnces used and the exchange rates used on a monthly basIS or
more frequently
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15 LABOR

Over 57,000 people are employed m the downstream sector, mcludmg 37,700 m the overstaffed
manufactunng complexes Our labor analySIS covers only the manufactunng complexes

Mter payment of severance compensatIon and retrammg costs, we estImate that the annual wage
and benefit savmgs will be about $3,000 per termmated employee, a total of $76 nulhon per year
after 1998 Dunng the mtervemng years, the personnel would receIve compensatIon, severance
and trammg benefits roughly eqillvalent to therr current annual compensal1on and benefits No
cost savmgs are expected before the end of thIS penod However, on a Net Present Value basIS,
the net benefit WIll aggregate a value of more than $460 mIlhon overall

Closure of four of the 10 refinenes will reduce staff by 17,000 people At the remammg SIX SIteS,
another 8,000 employees should cease to be employed through early retIrement and termmatIon
(or severance) programs, WIth appropnate retrammg and compensatIon As a long-term
effICIency move, we recommend that most remammg mamtenance personnel, 2,500 people m
total, be moved mto separate servIce compames formed for the purpose of offenng mamtenance
servIces on a contract basIS to the refinery complexes As a percentage of the overall workforce,
there were more redundant employees m mamtenance than m any other area Mamtenance
outsourcmg compames are one way of preventing a recurrence of thIS problem m the future
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2 ImmedIately allow all supphers to refuse to sell to any party that prospectlvely
becomes delmquent m payment terms EXlStmg arrears m payments should be
expedltlously resolved

3 Immedtately remove all requtrements that PEeO purchase or transport only through
PetroTrans

4 ReqUIre PetroTrans pIpelmes to be converted to common carner status at regulated
tanffs based upon dIstance and servIce levels

5 Estabhsh farr practIce regulations to prevent buyer and suppher alhances to fIX pnces
or negol1ate on a combmed basIS

6 Estabhsh Import hcensmg procedures whereby the refmers can dIrectly obtam
letter-of-credIt support and hard currency exchange nghts to enable them to purchase
Imported crode oil and products, and export products

7 Estabhsh a regulatory agency (or empower NAMR) to estabhsh and enforce qualIty
standards and measurement standards for products sold to consumers (other than
mdustnal customers) and reasonable enVIronmental standards for manufactunng,
transportIng and stonng petroleum and Its products

1om97 3 19 PMllw/n \97 5474\5474c002 doc
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16 ENVIRONMENT

We d1d not estnnate the necessary reductJ.ons m staffmg levels for dlStnbutJ.on and marketJ.ng, but
expect them to be of eqUIvalent magmtude for d1stnbutJ.on and propomonately lower m retall
marketmg

In refinery ratIonalIzatIon, handhng of the deCOtnmlSSlOnmg and cleanup actIV1t1es will requrre (1)
that mventones be worked off, (2) that eqUIpment be dramed and cleaned and sludges and wastes
be processed, (3) that eqUIpment be removed for sale and scrap and (4) that other cleanup and

Our enVIronmental assessment covered the refinmg, petrochenucals and lubncants plants at the 10
manufactunng complexes, but d1d not cover the transportallon, dlStnbUllon and marketmg sub
sector Overall, manufactunng operatJ.ons have caused, and contmue to cause, severe
envIronmental damage due to pollullon of arr and water

J1
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There are potenllal offsets to the mevItable employment dislocallons such as the resultmg growth
m retatl and marketIng Already, pnvate-sector retailing network has developed, a total of over
600 retall SItes are now mdependently operated We beheve that the overall retall sector, whIch
now has 1,100 SItes, could nse to at least 2,500 SIteS and perhaps as many as 5,000 SItes, creatJ.ng
a mmlIDum of four Jobs per SIte to as many as 10-15 Jobs per SIte on average Accordmgly,
employment gams m the retul sector could more than replace the losses m the manufactunng sub
sector The expanded retal1 sector would also reqUITe expanded dIstnbUllon termmals and depots
to support the new SItes TIns will offset some of the mevitable reductJ.ons m the eXIstmg
d1stnbutJ.on system, espeCIally as automated termmals are mtroduced All of these actIVllles, m
tum, employ constructIon crews dunng the buildup penod, mamtenance crews over the long
term, and ongomg supply and serVIce, creatJ.ng new Jobs m a more VIbrant and healthIer sector

161 Manufacturmg Complexes

The most severe problems result from arr eIDlsslOns, wastewater pollUllon and sohd waste depOSIts
AIr emlSSIons mclude sulfur dIOXIde, hydrocarbon emlSSIOns and other eIDlSSIOns from fired process
heaters at the refmenes Sulfur recovery umts are badly needed Storage tanks need to be
modrfied to reduce losses through evaporatJ.on of hydrocarbons CombustJ.on effiCIenCIes of large
process heaters need to be Improved Wastewater flow rates must be decreased through
reducllons m coohng-water and steam-condensate losses Wastewater contammant levels must
be reduced through redeSIgned separators and Improved clanfiers Sohd waste systems need to
be rrnproved through replacement of morgamc wastewater chenucals With orgamc polyelectrolytes,
and through dewatenng fac1hlles for bIOlOgIcal and olly sludge To clean up landfills, whIch are
Improperly constructed to prevent groundwater contaffilnatlon, oily sludge should be dewatered
onsite to reduce volume and the reSIdual sludge needs to be Impounded m secure landfills Past
groundwater contamInatIon represents a senous problem and will requrre extenSIve add1tIonal
efforts to assess the level of the problem and the form of remed1allon
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17 CRITICAL INVESTMENTS

18 NEXT STEPS

The determmatlOn and calculatIOn of these specIfic cnncal mvestrnents are presented m detatl
elsewhere m tlns report

closure aC'tlVl'tles, mcludmg fillmg plpelmes with concrete or dnllmg mud, be performed TIns
process will reqUIre apprmumately two years and must be carefully conducted to aVOId addItIonal
contammatIon of the envrronment

/~
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The overall cost of envrronmentaltmprovements, landfill remedtatIon and refinery
decommlSslOnmg IS esnmated to be at least $93 mlihon, excludmg cleanup of groundwater
Related capital expendItures m the refinenes mclude $52 mtllion for msta11atIon of
hydrodesulfunzatIon umts These figures are based on the closure of two large and two small
refinenes

Consistent Wlth our recommendatIon to close two large and two small refmenes, the summary of
the cntlcal mvestments reqUIred are

• $74 6 milllon for process Improvements

• $75 8 mtlllOn for envITonmental projects

• $7 0 millIon to remed1ate landfills

• $105 milllon to decommISSIon surplus refinenes

• $166 3 mtlhon for labor redeployment

The followmg steps need to be mcorporated In the restructunng and rauonallzatlon of the
RomanIan downstream petroleum sector

16 2 Distribution and Marketing

Although not formmg part of our study, m our site VISits we observed handlmg problems at the
d1stnbutlOn termmals and depots and at the retall SIteS Based on our observatIons, we are hIghly
confident that substantial atr pollUTIon IS occurnng through evaporaTIon from nul tankcars and
storage tanks and through the lack of vapor handhng facilities at loadrng, unloadmg and fuelmg
pomts Based upon the appearance of tanks, we are also hIghly confident that, due to leaks m
above ground and under ground tanks, hydrocarbons are pollutIng the soli and mtgratmg mto the
freshwater streams EnvITonmental studIes of the dIstnbuTIon and marketmg sector need to be
conducted
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183 Creation of aTemporary, Limited-Purpose Holding Company

To estabhsh the necessary control over the downstream sector, and to allow the ratlonahzatIon to
proceed, we recommend the creatIon of a holdIng company The holdIng company would be
granted absolute ownershIp of all 10 manufactunng enterpnses To accomphsh thIs ownershIp, all

Unless some measure IS taken, the shareholders of the SurvIvmg enterpnses would receIve all of
the benefits of ratlonahzatlon, although they only contnbute part of the value That would be
IneqUItable to the shareholders of the other enterpnses sacnficed to make thIs value pOSSible
Thus, all holders of shares m downstream compames should contnbute therr share to a pool, or a
holdmg company, to be eqUItably redlStnbuted after the ratLonahzatlon IS completed

The value of these ratlonahzatlon benefIts anses from two sources The first source IS the closure
of the four manufactunng entIties The second source represents better operatIng practices and
staffing at the remaIning SIX manufactunng entities NeIther the SurvlVIng nor the sacnficed
groups of manufactunng complexes can be Said to have contnbuted more to the value creation
than the other group, both contnbute to the process Because both groups contnbute to the
creatIon of value for the enure sector, those benefIts should be shared by the owners of both
groups, not Just the owners of the sUrVIvmg enterpnses

182 Equitable Treatment of Shareholders

In addItion to the lack of umfied control, there IS a separate queStIon of eqUItable treatment of
Romaman CItizens who have already exchanged certIfIcates of ownershIp (the vouchers Issued by
the POF) for shares of common stock m the enterpnses In the manufactunng sub-sector Under
the ratlonahzatlOn program some of these enterpnses W1l1 cease to eXist These enterpnses are
bemg shut down to make the entire sector econoffilcally VIable, rather than because they are
indIVIdually non-VIable The sector as a whole slll1ply cannot be econoIillcally Viable so long as all
of the surplus capaCIty contInues to be operated ThIs ratIonalIzatIon process creates enormous
benefits for the enure manufactunng sub-sector

If
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18 1 Concentration of Government Control

Under the eXIstmg Romaman mdustry structure, each of the enterpnses IS dIrectly or mdIrectly
owned by a combinatIon of the government, VIa the state ownershIp fund (or "SOF'), and the
populace, Via the pubhc ownershIp fund (or "POF') Government control IS exercised through
actIons of the boards of adm1ll1stratlOn, on whIch IillIDStry personnel, the SOF and POF serve as
dIrectors, and through d1rect contact between minIStry personnel and company executIves
AdIillll1StratIvely, the enterpnses are also controlled by the Mm:1stry of Industry and Trade, the
Mm:1stry of Fmance, and, to a lesser degree, the leadershIp of the SOF and POF Wlu1e all of
these forms of government mfluence dIrectly lll1pact the enterpnses' busmess actiVIties and
results, no SIngle entity IS dIrectly responSIble for the entire manufactunng sub-sector WithOut
vestIng umfied control m a smgle entIty, the ratlonahzatlon cannot be effectively completed
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Holdmg Company Powers Dunng the holdmg company's hmlted hfe, Its management should
be given the broad powers that are essentlal to lffiplement the ratlonalizatlon program Holdmg
company management should have the power to termmate employment m those four
manufacturmg complexes that are to be decommISslOned, to engage firms to sell the related assets
and to scrap unsalable assets, and to cause the four plant SIteS to be cleaned up m an
enVIronmentally responsIble manner

owners of the 10 manufacturmg entItIes would be reqwred to surrender their shares of stock m
such entItIes and receive m exchange shares of holdmg company stock, makmg the holdmg
company the sale owner of all 10 enterpnses It would also mclude the SOF and POF So long
as the holdmg company remams m place, any future exchanges of POF certIficates of ownerslup
should only mvolve shares of the holdmg company and not shares m any of the 10 manufactunng
enterpnses

LlDlItatlOn on Holdmg Company Powers It IS equally Important that the management of the
holdmg company not be empowered to engage ill any ongomg busmess actIVltles of an operatlonal
nature, those deClslOns should be left exclUSIvely to the plant managements Holdmg company
management should not be permItted to allocate supphes, producuon or markets or otherwIse
plan or oversee any of the operatIonal or admmIStratlve actlVltIes of the survlvmg plants They
should have no role m operatIonal deCISIon-makIng or m adnnmstratIon of the SUfVlvmg
manufacturmg complexes They should not be permItted to estabhsh pnces for any crude Oll or
any products They should not be empowered to fire or replace any of the management of the

As chscussed further below, tlns holchng company must be formed for the sole purpose of
conductmg the ratIonalIzatIon, partIcularly the shutdowns and decomnnsslOnmg of refinenes, and
eXist only temporartiy to undertake that llffilted acuVlty Once those acuVltles are completed, the
holdmg company should cease to eXist After the ratlonallzatlon, the holdmg company shares that
were ffiltlally ISsued would be surrendered by theIr owners and exchanged for newly ISsued shares
m the surVIvmg manufacturmg enterprnes The end result IS that the owners of the ongmal 10
manufactunng enterpnses would all become owners m the sUfVlvmg SIX enterpnses The benefits
of ratlonahzatlon would, therefore, be shared by all of those that contnbuted to the creatlon of
such benefits

20
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Such management should also be gIven the power to cause the managements of the sUfVlvmg SIX

manufactunng entItIes to reduce theIr staffmg to the levels recommended m tlus report Where
pOSSIble, the management of the holdmg company should encourage (but not reqUIre) the
SurVIVIng enterpnses to conSIder hIrIDg the most able employees of the sacnficed facIlltIes, but
only WIth appropnate offsettmg staff reductIons m those SUfVlvmg plants In tlus way the
tnmmed-down manufacturmg sub-sector can retam the most capable employees of the whole sub
sector We recommend that the board of adIIl11l1Strators of the holdIng company COnsISt of
chrectors chosen and empowered m the same manner as the boards of other state-owned
commerCIal compames
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FundIng of Holdmg Company ActIVIties To fund the necessary plant closures and
termmations of employment, the holdtng company should be entitled to utJ.hze a pomon of the
proceeds from asset sales of the closed plants and be allowed to retaIn a portlOn of the proceeds
from any rationalIzation loans that are attrIbutable to the shutdown, decomnusslOnmg and
employment termmation programs for the four manufactunng complexes that are to close

The holdIng company should not be allowed to take possessIon of any loan proceeds that are
mtended to fund the staff reductions or mvestment projects at the SUrvIvrng manufactunng
entIties Management of those manufactunng entIties should be empowered to spend such funds
Further, the holdIng company management should not be entitled to retam any dIVIdends paid by
the manufactunng enterpnses other than such reasonable amounts as may be necessary to cover
therr ongomg costs of salanes, occupancy, etc, as approved by the board of adnumstrators

Lnmted LIfe of the Holdmg Company The holdmg company should expressly be chartered to
eXist for a pre-defmed and fmIte penod of time, not to exceed four years At the end of three
years, If any remammg rationalIZation steps have not been carned out, the holdIng company
should at that tlme enter mto a contract With one or more pnvate-sector enterpnses to carry out
all remammg steps At the end of the four-year penod, the shares of the holdIng company held by
RomanIan CItiZens and the SOF and POF should be exchanged for shares of the SUfVlvrng
manufactunng complexes At that t1me, any unflntshed contracts or restructunng and
rationahzation steps should be assumed by the SOF

manufactunng complexes for any reason [other than fatlure to carry out the restructunng and
rationahzatlOn] They should not engage 1ll any negotIatIons for supplIes, pnclllg, or for servIces
lllvolvlllg the manufactunng complexes and PECO, PetroTrans, Petrom, CONPET or any other
supplIers or customers They should not be permItted to use funds of any SUrvIvrng
manufactunng complex to subSIdIze the losses of any other survIvmg manufactunng complex or
to perpetuate the continuation of operatlOns at the sacnficed manufactunng complexes Such
funds should, however, be made avaliable to fund the decommissIonmg and staff reductions at the
sacnficed manufactunng complexes
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We conSIdered and rejected the Idea that the holdmg company should lllclude other downstream
sector entItIes such as PECO, PetroTrans, PetrolExportImport, Oli Termmal and CONPET
Because none of those enterpnses are bemg shut down or sIgmficantly downSIZed, there IS no
need to lllclude them m the speCIal-purpose entity Each of those entities, acting alone, IS capable
of managmg Its own transformatlon By excludtng them from the holdtng company any
temptation toward further vemcal mtegranon of the sector can be aVOlded ObVIously, other
government pohcy changes (through ordmances and through actlons by NAMR) WIll be necessary
to enable the managements of those companIes to operate therr busmess m accordance With
market pnncipies and our recommendanons However, the holdmg company cannot and should
not make those changes and would be an unnecessary ImpedIment to therr accomplIshment.
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CompensatIon and TernnnatIon Benefits To motIvate the management of the holdmg
company and the enterpnses to accomphsh the dIfficult tasks of achlevmg the ratIOnahzatIOn
objectIves Wlthm the three-year penod. we strongly recommend that mcentIve compensatIon be
awarded to theIr management

Staffing of the Holdmg Company Overall. we beheve the holdIng company staff should not
exceed 20 managers and employees. all of whom should have appropnate quahficatIons and
knowledge of the refimng, petrochenucals or lubncants busmesses All other servIces should be
fulfilled by pnvate-sector enterpnses under contracts WIth the holdmg company

CONPET's tanffs for transportatIOn will need to be reVIsed to reflect both the smaller total costs
and the lower volume to be transported DespIte the econOIDles descnbed above, there IS a large
"fixed" component m total plpehne costs AccordIngly the sIgmficantly lower volumes to be
transported are hkely to mcrease the average per-ton tanff CONPETmust receIve We have not
quantIfied the net Impact on CONPET's tarIffs

19 CRUDE OIL TRANSPORTATION (CONPET)

Our refinery ratIonahzatIon strategy will ehnunate four refmenes The ehmmatlOn of barter
processmg of crude all will substantIally reduce the need to Import crude oll CollectIvely. these
changes WIll reduce the overall length of plpelmes needed to supply the refmenes, reduce the
plpehne throughput, and slIDphfy the crude 011 plpelme system Thus, CONPET's needs for
CapItal to refurbIsh and upgrade Its system will be reduced
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The slIDphficatlOn of the crude oil transportatIon system and the reductIon m the volume of
transported crude 011 will lower certam of CONPETs operatIng costs Energy used m pumpmg
will dechne as a result of reduced crude volume Mamtenance reqUIrements will drop as a result
of lower purnpmg operatIOns and the reduced length of the plpehne systems The SImplIficatIon of
the plpehne system and the reductIon of overall length of hnes m semce will reduce CONPET's
scope of actIVItIes Accordmgly, operatIng and admmIStratIon staff reductlons WIll be pOSSIble,
leadmg to reduced personnel costs

CONPET operates two plpehne systems, an Import plpehne system and a domestIc plpehne
system The Import plpehnes move Imported crude 011 from the Constanta harbor to the refimng
SItes The domestIc plpehnes move crude all from Romaman oil fIelds to the refmenes Both
plpehne systems are m deplorable conmtlOn due to madequate mvestInent and obsolete plpehne
control systems Severe crude oil losses are occurnng due to leakage from corrOSIon-damaged
hnes Such losses are dIfficult to quantIfy and control because of the poor state of metermg
mstrumentatIon and transmISSIon controls
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The foregomg summary sets forth the key elements of the Ratlonahzatlon and Cntlcal Investments
porllons of our Downstream Restructunng Strategy for RomanIa The CruCIal elements of the
ratlonalIzatlon are set forth below

1 Pnce Decontrol Decontrol all pncmg of crude oll, refmed products, petrochemIcals
and lubncants over as bnef a penod as pOSSIble

2 Holdmg Company Estabhsh a specIal-purpose, hmlted Me holdmg company for
the ratIonahzatlOn of the 10 manufactunng complexes and enforce Implementatlon of
the ratlonalIzatlon steps descnbed herem, mcludmg the workforce reductIons
descnbed below

3 Refinery Closures Permanently close and deCOmmISSIOn four refmenes and merge
DarmanestI mto Rafo

4 PetrochelDlcais Shutdowns Permanently close all petrochemIcals Ulllts at Petrobrazt
and Petrotel and selected umts at ArpechlID

5 Lubncants ConsolIdatIon Permanently close and decomnnsslOn alllubncants
manufactunng at Arpech1ll1, Steaua Romana and Vega Consohdate a1llubncants
productIon, cut costs and Improve operatmg and management practIces at Astra and
Petrotel If, after those measures have been Implemented, the lubncants busmess at
those SItes IS stl11 not profitable, close those as well

6 PECO and PetroTrans Ehmmate PECO's reqUIrement to purchase only through
PetroTrans and permIt It to source dIrectly from refiners Convert PetroTrans from a
"merchant" transporter to a servIce-based transporter only PetroTrans' pipelmes should
be made mto common carners With rate-based tanffs based upon dIstance and other
cntena Rallcar and truck transport should be deregulated as to pnce and servIce

7 Regulatory OverSIght Estabhsh a regulatory functIon to estabhsh and enforce
qualIty measurement and enVIronmental standards

8 Workforce ReductIon Implement the workforce reductIon program at all
manufactunng complexes through early retIrements and termInatIon programs and
outsourcmg of mamtenance functIons Reduce the Impacts on dIsplaced workers
through severance payments, jobs trammg and relocatlOn asSIstance Perform a
slffillar analySIS ill the dIstnbutlon and marketlng sub-sector and Implement those
programs as well

9 EnVIronmental RestoratIon and RemediatIon Implement the enVIronmental
program to reduce further pollUtlon of arr and land and to begm the cleanup of past
enVIronmental contannnatlon

10 Operating and Management PractIces Throughout the sector, deSIgn and
IIDplement corporate development programs to Improve work processes, operatlng
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All of the foregomg, plus adwtlOnal steps Identtfied throughout trns report and the related detalled
reports, should be Implemented Only through such fundamental and rawcal measures can
Romama expect to restore the downstream sector to profitable operatlons wInch will enable It to
contnbute to the econOmIC growth of the country by bnngmg htgh-qualtty products to those at
the necessary places and tnnes needed and at reasonable costs

111 CONCLUSION

Profitable operallons are essentlal for thiS sector to be able to generate and attract capital to
restore, mamtaIn, and Improve Its abthtles to serve customers at acceptable levels Each of our
recommendatlons seeks to contnbute to makmg the state-owned enterpnses profitable and
competltlve on a long-term basIS

practlces and management methods through modem orgamzatlon structures supported
by appropnate mformatlon systems In partlcular, develop programs to measure and
Improve customer sefVlce, measure and report on economiC performance of each profit
center wltrnn each company, and develop appropnate plans and targets to dramatlcally
Improve effiCIency, prodUCllVlty and profitability of the compames
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22 METHODOLOGY

2 1 INTRODUCTION

Section 2

Market Review and Assessment

2-1Romania Petroleum Downstream Restructunng Study
Rallonalizallon and Cnllcallnveslmenl Study - Final Report

Next, we evaluate general econOmIC trends m Romama and assess the effects of these econOmIC
trends on the demand for petroleum products, mcludmg gasolIne, kerosene, dIesel, and fuel Oll
Because the Romaman downstream sector IS strongly mfluenced by global petroleum trends, we
have mcluded a forecast of mtematIonal crude 011 pnces and mtematIonal market factors (All
pnce forecasts presented m tills sectIon were developed by the global petroleum sector analysts of
Bonner & Moore) A pnce outlook for RomanIan petroleum products IS also prOVIded In
addItIon to the demand levels for refmed products, we also project future demand for
petrochemIcals to assess the need to mamtam eXIstmg productIOn capacrty There are no
projectIOns of future petrochemIcal pnces - the econOmIC analysIs IS based on flat petrochemIcal
pnces atmId-1995 levels

In tlns sectIon, we analyze Romaman markets for refined products, petrochemIcals, and lubncants
to project the probable demand for these products over a lO-year penod, from 1995 to 2005 We
then compare these product demand projectIons to current productIOn capaCIty to determme the
level of capaCIty that should be shut down to Improve the econOmIC performance of the sector

Romaman refinmg capacIty far exceeds the level of capaCIty needed to satIsfy current and near
term demand ThIS excess productIon capacIty results m extremely htgh per-umts costs, whtch m
turn leads to severe econOmIC losses

To develop proJectlons for RomanIan petroleum product demand for 1995 to 2005, we have
rehed on several data sources and demand analyses, mcludmg

• Hlstoncal energy statIstIcs from the InternatIonal Energy Agency

• Htstoncal and projected refined product demand (by product) proVIded by Rafuom

• Refined product dehvery statIstlcs supphed by PECO

• Country econOmIC assessments by the World Bank

• Country economIC assessments by the EconomIst Intelligence Urnt

• OffiCIal Romaman statlstlcal bulletIns, mcludmg the RomanIan StatIstlcal Yearbook
for 1994

10/7/97330 PMllwin \97 5474\5474c003 doc

In preparmg the above proJectlons, we knew the future demand would ultImately be compared to
eXIstmg capaCIty and used to recommend shutdowns of refmmg capaCIty To avoId premature
shutdowns, m our proJect1ons we dehberately sought to err m favor of htgher demand, whIle stl11
remammg WIthm the bounds of reasonableness ThIs results m a shghtly optImIstIc VIew about the
need for refinery capaCIty over the lO-year penod
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23 OVERVIEW AND CURRENT STATUS

Our demand proJecllons for refmed products were based on fundamental assumpllons regardIng
econonuc growth, dtsposable Income growth, and macroecononuc trends m RomanIa In
formulatmg these assumpttons, we used the country analyses prepared by the WorId Bank and the
EconolDlst Intelligence Urnt

Romaman GDP, whIch had dechned dramallcally from 1989 to 1992, turned margmally posillve ill

1993 In 1994, the country's econOmIc output grew by 3 5 percent, dunng the next decade, the
World Bank and other agenCIes expect Romaman GDP to grow at an average annual rate of 4
percent, as shown m FIgure 2-1 ThIS level of growth, while faster than expected global trends, IS
conSIdered to be sustamable IT current econonuc tmprovements are mamtamed and the pnvate
sector contlnues to take on more of the nallon's output

Consumer demand for petrochemIcal-based products dnves both petrochemIcal productton levels
and the demand for naphtha and other refmed products that serve as petrochemIcal feedstocks
Domesttc petrochenucal demand was prOjected for each petrochemIcal product based on current
shIpments to each customer group and on an estlmated growth rate for each group Export
demand for petrochenucals was esnmated asSumIng that exports will escalate at a rate
correspondmg to the average projected gross domesttc product (GOP) growth rate for Europe as
a whole

22
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• Bonner & Moore, a frrm. of petroleum econonusts
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Bonner & Moore prOVIded MedIterranean pnce projecttons for key crude oils and petroleum
products These pnce and econOmIC performance projecllons formed the basIS of the petroleum
product demand analySIS below The methodology employed focuses on matchIng overall trends
to denve demand forecasts for each class of refined products - for mstance, the demand for
transportatton fuels 18 affected by consumer disposable mcome, populallon growth, mcreases m
the number of vehIcles, and the effect of mdustnal prodUCllon growth on the transportatton needs
to move goods Slllll1ar sector-speclfic vanables were consIdered m the demand analysl8 of
mdustnal producllon-dnven heavy petroleum products The dISCUSSIon below further addresses
the specllic assumpllons and fundamentals that dnve projecttons of Romaman petroleum product
reqUIrements for the next decade

The recent turnaround m the Romaman economy IS eVIdence of a successful begmnmg for the
transformatIon of the economy from a hIghly planned, heavy-mdustry-onented system to a partly
pnvallzed, servIce and consumer-onented economy Pnor to the 1990s, the Romantan economy
emphasIZed heavy mdustnal development and mdustnal concentratIon Dunng the ll11d-1980s,
almost 60 percent of the economy revolved around metallurgy, fuels, chemICals, machIne buildIng,
and nunmg ThIs focus on heavy mdustry, at the expense of other sectors of the economy,
resulted m one of the lowest per-capIta ODPs ill Eastern Europe
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24 ROMANIAN PETROLEUM PRODUCT DEMAND

The proJecuon of petroleum product demand IS based on Bonner & Moore's crude oIl pnce
expectauons of relauvely flat real-world crude oIl pnces through 2005 Table 2-1 and FIgure 2-2
show the outlook for total petroleum product demand for Romama by major petroleum product
DetaJ.1ed tables of demand levels and growth rates are mcluded m the AppendIX OIl demand has
dechned slgmficantly ill recent years due to the country's dramauc pohucal and econOmIC
transformatIons In 1994, however, oIl product demand rebounded DomestIc oIl demand IS

expected to strengthen agam m 1995 and then contmue to grow at 3 percent annually from 1995
to 2000 and 2 7 percent annually from 2000 to 2005 OIl demand ill 1995 IS expected to recover
to 148 mIlhon tonnes (a level su1l3 mIlhon tonnes lower than the 1980 consumpuon), and IS

In the early 1990s, Romama hberahzed foreIgn trade, mtroduced Imnted finanCIal reforms and
pnce hberahzauon, and embarked on a gradual process of restructunng, winch mcluded mcreasmg
levels of pnvatlzauon m nonstrategIc mdustnes Recent posiuve growth ill GDP SIgnalS that the
Imual process of small-scale pnvauzatIons IS workmg, and that the country IS shrftmg away from a
centrahzed and economIcally obsolete mfrastructure base toward a more commerCIally vIable and
open economy The outlook for GDP growth dunng the next decade IS drrectly hnked to
expectauons of the pace and degree of WIde-scale pnvatlzauon efforts The forecast of GDP
growth rmphes that recently sponsored pnvatlZatIons, winch have attracted foreIgn capItal, will
contInue to proceed at a relauvely bnsk pace If the transformauon process garns further
momentum, It IS pOSSIble that the RomanIan economy will grow at an even faster pace than
projected, If It slows, the reverse will occur
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103 tpy Average Annual Growth, %

Item 1995 2000 2005 1995-2000 2000-2005 1995-2005

Gasohne

Unleaded Gasolme 347 681 1,695 144 200 172

Leaded Gasolme 1,603 1,691 1,333 11 -46 -18

Total Motor Gasolmes 1,950 2,372 3,028 40 50 45

DIesel

H1gh-Sulfur DIesel (0 2% S) 912 800 471 -26 -10 1 -64

Low-Sulfur DIesel (0 1-05% S) 2,483 3,330 4554 60 65 63

Total DIesels 3,395 4,130 5,025 40 40 40

FuelOtl

Low-Sulfur Fuel OU (1%S) 1,448 1,855 3,717 51 149 99

H1gh-Sulfur Fuel 01l (3 5%S) 4,028 4,044 2,332 01 -104 -5 3

Total Fuel 01ls 5,476 5,899 6,049 15 05 10

Other Products

LPG 440 522 577 35 20 27

Naphtha 177 215 275 40 50 45

Duel-Purpose Kerosene 390 463 550 35 35 35

Lube Base Stock 350 406 448 30 20 25

Coke for Export 280 309 333 20 15 17

Coke for DomestIc Use 1,570 1,624 1,677 07 07 07

BItumen 389 402 415 07 07 07

Mlscellaneous 428 .......M! 1,279 35 35 35

Total Other Products 4,024 4,782 5,554 35 30 33

Total Products 14,845 17,184 19,657 30 27 28

projected to reach 172 :mill.lon tonnes m 2000 and 196 nullton tonnes by 2005 By 2005, oll
product demand will have returned to Just above 1980 levels

Market Review and Assessment
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Table 2-2 and FIgure 2-3 depIct the anuclpated relauve shares of leaded and unleaded gasolIne for
the proJecuon penod AccordIng to PEeo's statlstlcs, unleaded gasolme represented about 14
percent oftotal gasohne demand ill 1995 By 2000, the unleaded gasolme share of transport
demand IS projected to grow to 24 percent, and by 2005, demand IS expected to reach 49 percent

In the early 1980s, consumpuon coD.S1Sted mamly ofheavy products and other fuel oils employed m
mdustry, m the penod 1995 - 2005, petroleum product demand IS expected to sluft Slgruficantly toward
the hghter end of the barrel as a result of contlnued econonnc transformauon and mcreased dlsposable
mcome Annual demand growth rates for hght and transportauon products are projected to be
stronger than those for the heaVIer products TIns IS consIStent WIth expectauons about GDP growth
and the current sluft ofthe Romaman economy from heavy mdustry toward the consumer and servIce
sectors TIns sluft: IS further reflected ill the changmg percentage of clean versus dnty product, wlnch IS

expected to grow from 43 percent ill 1995, to 45 percent m 2000, and 48 percent ill 2005

241 Gasolme

Gasobne demand IS projected to grow at 4 percent per year through 2000 and 5 percent
thereafter, reflecung the mcreased levels of personal dISposable mcome resulung from healthy
GDP growth Demand for gasolme will reach 3 3 millIon tonnes by 2005 Pent-up demand for
personal transport IS espeCIally hIgh m Romama, even when compared With the rest of Eastern
Europe, where econOffilC recovery has generally led to large mcreases m the number of
automobIles and ill transport fuel consumpuon RomanIa's hlstoncally low transport consumpuon
IS due to Its low GDP per capIta Wlnle total gasohne demand could potenually grow at much
faster rates than proJected, It will be hmlted by the avaIlability of passenger automobIles, whlch
are sull outsIde the range of most consumers' budgets

25Romania Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment Study - Final Report
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FIgure 2-2 RomanIa Product Demand Projections
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Figure 2-3 Projected Gasolme MIx

Table 2-2 Refmed Product Demand MIX

Projected Products MIx 1995 2000 2005

Gasolme

Unleaded Gasolme 14% 24% 49%

Leaded Gasolme 67% 54% 29%

Subtotal 81% 78% 78%

Other Gasohne

Total Naphtha 19% 22% 22%

Total 100% 100% 100%

DIesel

Hlgh-Sulfur DIesel (0 2% sulfur) 27% 19% 9%

Low-Sulfur Dtesel* 73% 81% 91%

Total 100% 100% 100%

FuelOll

Low-Sulfur Fuel all (1% sulfur) 26% 31% 61%

Hlgh-Sulfur Fuel Oll (3 5% sulfur) 74% 69% 39%

Total 100% 100% 100%

Source PECO for 1995

Section 2
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243 Fuel 011

Romaman fuel oil demand III 1994 accounted for almost 40 percent of total petroleum product
demand, whIle m Western Europe fuel 011 demand represents about 15 percent of the total Even
WIth the projected further growth m hght petroleum products durmg the next 10 years, fuel oil
demand IS sttll projected to represent a relauvely large portlon of total petroleum product demand

Table 2-2 and FIgure 2-4 present the relauve share of liesel products fhgh-sulfur dIesel IS
expected to contam 0 2 percent sulfur, while low-sulfur dIesel IS expected to contam 0 1 percent
sulfur through 2000, and 0 05 percent sulfur thereafter Tlus assumes that, gIven current refimng
reahues, It IS unbkely that Romama will produce sIgmficantly greater amounts of the cleaner, 0 05
percent dIesel fuel before the year 2000 In 1995, low-sulfur dIesel represents 73 percent of dIesel
demand Its share IS projected to mcrease to 91 percent by 2005 as cleaner transportatlon fuels
are reqUITed

242 Diesel

DIesel demand, whIch IS projected to grow 4 percent per year from 1995 to 2005, IS also expected
to shIft from mdustnal use to transportatIOn use, and IS projected to reach 5 0 millIon tonnes by
2005 Industnal usage IS expected to declme as heavy illdustry IS shut down or reonented toward
consumer products productron Increased demand for dtesel fuel will take place ill the
transportauon sector, where truckIng and passenger transport demand are expected to keep up
WIth projected GDP growth rates In addItIOn, the relatIve lllcrease ill the consumer and servIce
sectors of the economy will dnve mcreasmg needs to transport the groWIng volumes of consumer
goods

The pace of the adoptron of unleaded gasobne by motonsts IS mfluenced by several factors that
are currently undetermmed m Romama The most lIDportant of these factors IS the ttmmg of
Romama's acceptance mto the European Umon (EU) Memberslup m the ED, among other
thmgs, would reqUIre adherence to specIfIc qUalIty targets for petroleum products Another
lIDpOrtant factor affectmg unleaded gasolme demand IS the avaJ.1abIhty of passenger automobiles
wIth catalytrc converters Because automobiles are partIcularly expenSIve m countnes such as
Romama, WIth low dISposable mcome per capIta, It IS very l1kely that consumers will retam therr
eXlStmg velucles longer (beyond the usual 7 to 10 years observed m the West) Furthermore,
consumers will probably buy preowned, leaded-gasohne lIDported cars rather than new vehIcles,
whIch use unleaded fuel Overall, smce 10 years IS a relatIvely short penod of hme, It IS unlikely
that a more dramauc, faster paced ShIft away from leaded gasolme will occur, despIte more
opt1mlstlc legtslauve mandates
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Figure 2·4 Projected Diesel MIx

Source PECO for 1995
·0 1% S to 2000 0 05% S thereafter
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As Romarnans Increase theIr per-capIta electncity demand as a result of Improved economIcs,
fuel 011 wIll probably contmue to playa central role In the power generation sector Currently,
there IS a shortage of electncal power, therefore, even WIth the planned addition of the nuclear
power facIlItIes near the Danube, heavy fuel 011 will continue to play an Important role The
country's electncity demand IS projected to be qUIte healthy In the next few years Increases In
disposable Income drrectly translate Into hIgher demand for electncity WhIle the country may
plan to meet thIs groWIng power demand WIth clean fuels, such as natural gas, SWItchIng to
natural gas IS not expected to displace the demand for fuel 011 because It IS unlIkely that the
necessary Infrastructure for hIgh-volume, sustaIned natural gas delIvery WIll be put m place In
such a relatively short penod of tIme

Fuel oil demand IS projected to be the slowest grOWIng among petroleum products, nSIng by only
o6 ffillllOn tonne over the decade, to reach 6 0 ffillhon tonnes m 2005 As mentlOned prevlOusly,
the Romaman economy wlll be retmng IneffiCIent and obsolete heavy Industry, SIgnIficantly
reducIng demand for thIS product Although fuel 011 demand could, m a SItuatIOn of econOmIC
transformatIon, actually dechne m use over the penod, electrICIty demand growth IS projected to
be based In part on fuel oIl use, a moderatIng factor lIkely to sustaIn moderate pOSItive net
growth for thIs fuel

Even WIthIn the Industry, renewed econOmIC actiVIty and short-term mfrastructure development
needs are projected to sustaIn current levels of demand for heavy fuel 011 to the year 2000 HIgh
sulfur fuel 011 demand IS projected to remaIn flat through 2000, but to start dechmng SIgnIficantly
(10 percent per year) from 2001 through 2005 as the pnvatIzatIOn and Industry ratIOnahzatlOn
processes gaIn momentum and result m the retIrement or converSIOn of most fuel-Oll-mtenslve
mdustrial assets
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Table 2-2 and FIgure 2-5 present the projected relatIve shares of each class of fuel Oll Accordmg
to PEeD's statIstIcs, hIgh-sulfur (35 percent sulfur) fuel 011 demand accounts for 74 percent of
fuel 011 demand m 1995 TIns share IS projected to declme margmally to 69 percent m 2000, but
more sIgnIficantly to 39 percent by 2005 FIgure 2-5 shows the trend for the dIsplacement of
mgh-sulfur fuel Oll by low-sulfur fuel Oll (1 0 percent sulfur) The mdustnal sector IS not bkely to
be able to sWItch to low-sulfur fuel Oll m the next 5 years However, It IS projected that more
stnngent quahty reqUIrements and decreased power sector demand will result ill a faster demand
growth for low-sulfur fuel Oll after 2000

244 1 LPG and Naphtha

Demand for both LPG and naphtha, currently representmg a small fractIon of total demand, IS
expected to contmue growmg as end-user and petrochemlcal demand keeps up WIth rapIdly
mcreasillg consumer demand LPG demand IS projected to grow 3 5 percent annually through
2000 and 20 percent annually from 2001 to 2005 LPG demand will reach 577,000 tonnes by the
year 2005 Naphtha demand lS projected to grow much faster, at 72 percent annually from 1995
to 2000 Naphtha growth, dnven by mgh consumer demand for petrocheIDlcal-based products, IS
expected to dechne to 5 4 percent per year from 2001 through 2005 Table 2-2 shows that
naphtha's relatIve share of the gasolme product range IS expected to remam generally stable at 19
to 22 percent throughout the projectIon penod ThlS Imphes that projected gasohne demand will
keep up WIth the healthy demand expected for end-consumer products

2-9
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Section 2 Market Review and Assessment

Based on these figures, net demand of 233,000 tonnes m 1994 IS expected to nse to 327,000
tonnes by 2005

2442 Kerosene

Kerosene demand IS projected to grow at 3 5 percent per year through the decade and IS expected
to reach 550,000 tonnes by 2005 Kerosene usage IS expected to shtft away from some mdustnal
apphcaTIons and toward mcreased aVIatlon apphcaTIons Increased and expanded mtemaTIonal
trade and consumer demand for personal travel are expected to drIve up Jet fuel demand

Demand for the remammg products (coke, bItumen, and mIScellaneous) IS projected to closely
track GDP growth and grow at a combmed average annual rate of 3 5 percent per year from 1995
through 2000 and at a rate of 3 0 percent per year thereafter The mIscellaneous category
mcludes volumes of other products that are currently bemg sold m Romama and the addITIOnal
amount of unspecIfied product sales reqUIred to match the sum of mdIVldual product categones to
the overall demand projectIon

210Romama Petroleum Downstream Restructunng Study
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Lubncants2443

Growth rates for lubncants have been projected based on the followmg assumpTIons

• DomestIc consumptIon
- Pnvate vemcle owners 4 0 percent growth, eqUIvalent to total gasohne demand

growth
- CommerCIal automoTIve 4 0 percent growth, eqmvalent to Romaman GDP

- Industnal 2 5 percent growth, below Romaman GDP growth

• Imports 4 0 percent growth, Imports supplyIng lubncants for pnvate vehtcle
purchases

• Exports 3 4 percent growth, eqUIvalent to projected GNP growth for Europe as
whole

Lube base stock IS projected to be a fast-growmg product m the "other products" category The
1994 consumptIOn of lubncants m Romama was roughly 350,000 tonnes, COns1Stlng of base
stocks (320,000 tonnes) and addITIves (30,000 tonnes) Pnvate vehIcle owners accounted for
about 40 percent of total domeSTIC consumpTIon, and It IS esumated that pracTIcally all of the
lubncant volume sold to these owners was supphed by tmports CommerCIal automoTIve
consumers accounted for an esumated 23 percent of domeSTIC demand (82,000 tonnes) and
mdustnal consumers for 37 percent of domeSTIC demand (129,000 tonnes) In addITIon, domeSTIC
manufacturers produced rougWy 22,000 tonnes for export
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10 Year Demand Growth Scenarios

FIgure 2-6 shows the Imphcattons on capacIty needs, assUffilllg the demand proJectton used m our
analySIS IS too hIgh or too low by up to 3 percent per year over the entlre lO-year penod Clearly,
even a large error In the demand proJecllon represents a capaCIty Impact that IS smaller than the
capaCIty of one of the large refinenes

The econOInlC models used to evaluate the refmenes are based on the product demand projectIons
presented above and the product pnce and drtJerentlal forecasts of Bonner & Moore presented m
Sectton 2 6 The modelmg approaches Iden1lfy the proper rrnx of capacIty u1J.hzatton and yIeld
that takes greatest advantage of domesttc producllon or Imports to denve the lowest cost of
makmg or buymg products The smgle most Important element m tlus model IS product demand

To the extent that future demand was projected to be too low, surplus capaCIty would be
overstated and there would be a nsk that our modelmg would recommend premature closure of a
refmery To the extent that future demand was projected to be too hIgh, there would be a nsk
that a deSIrable refmery closure would not be recommended For these reasons, In thIs study we
concluded that the demand forecast should be based on reasonable assumpttons However, where
possIble, we concluded that we should err m favor of an optlmlsttc VIew of demand growth In
thIs way, no refinery would be recommended for closure 1f there was a reasonable prospect that
Its capacIty would be needed to meet demand m the ffildterm

2·11
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Figure 2-6 Refinery Capacity Sensitivity AnalySIS
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26 CRUDE OIL PRICE OUTLOOK

Table 2-3 shows the crude oll pnce assumptLons used ill th1s analySIS for Brent, Iran Heavy, Iran
LIght, Urals, LIbyan Es SIder, DubaI, and Suez blend ThIs pnce outlook was developed by
Bonner & Moore In thIs analySIS, Brent IS the reference crude oll, and all other crude pnces have
been determmed usmg Brent quahty drrferentials, Urals and Iran LIght are the key crudes for the
MedIterranean market

To JustIfy the need for a smgle addItional refinery, GDP growth would have to Improve
slgmficantly, nearly doubhng to a sustamed rate of almost 7 percent per year from 1995 to 2005
In our Vlew, growth rates at that level are slmply not possIble because so much mdustnal
restructunng m the overall economy IS sull to take place Accordmgly, the economy wIll contlnue
to expenence downward pressure on "old" econOmIC output at the same tIme "new" growth IS
occumng On balance, a 4 percent sustamed rate of growth m GDP wI1l1tself be dIfficult, but sull
possIble We beheve that It IS reasonable to premIse deCISIons about Romama's refmmg capaCIty
needs on growth at thts level, but not at mgher levels

The general outlook for Brent crude oll pnces IS shown m FIgure 2-7 Bonner & Moore
antLcipates that constant U S dollar pnces for Brent crude Oll will mcrease at an average annual
rate of only $1 to $2/tonne through 2005 The modest gams shown below are due to prospects
for mcreases ill both OPEC and non-OPEC crude production capaCItLes

Accordmg to Bonner & Moore, total OPEC production capaCIty was about 29 2 m:I1hon barrels
per day (BPD) m 1994, assummg an IraqI capaCIty of 3 mllhon BPD Iraq 18 beheved to have the
crude reserve base to mcrease Its capaCIty to more than 5 7 ml1hon BPD farrly qUlckly, once an
agreement With the Umted NatlOns has been reached to allow that country to resume exports
Other MIddle East OPEC members, led by SaudI ArabIa, are expected to reahze substantIal gaIns
m productLon capaCIty m the years ahead Venezuela also appears to have the ability to mcrease
Its productIon capaCItIes as well Total OPEC crude Oll capaCIty 18 projected to chmb to about
40 5 IDllhon BPD by 2005 Bonner & Moore's forecasts are roughly m hue With those made by
other market analysts, mc1udmg the OPEC Secretanat

Non-OPEC productLon capaCIty IS expected to be boosted by North Sea output from an average
productIon level of 50 milllon BPD m 1994 to over 7 0 nnlhon BPD by 2000 WIth the estnnated
large reserve potentLal for the Shetland Islands regIOn, North Sea output could clImb further m the
2000 to 2005 penod, m contrast to a declme preVlously antICIpated WIth the contInued
development of new fields m ColombIa (such as the hght Cusiana field), non-OPEC South
Amencan productIon IS also expected to chmb by almost 10 mllhon BPD by 2000

In Table 2-3, the term Constant 1994 $ represents past and future pnces expressed In terms of the
1994 purchasmg power of the U S dollar, the term Current $ represents past and future pnces m
terms of the purchasmg power of the dollar m those respectIve years WIth the U S dollar mflatIon
rate assumed to be approXlffiately 3 5 percent per year after 1994
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Constant 1994 $(FOB $/tonne)

Iran Iran Libyan Suez
Year Brent LIght Heavy Urals ESSlder Blend Dubal

1989 161 139 132 150 156 135 136
1990 202 173 161 187 196 170 170
1991 163 137 126 151 157 131 132
1992 153 138 128 140 148 126 133
1993 131 113 106 116 125 102 113
1994 119 110 106 112 116 101 108
1995 125 117 112 118 123 111 115
1996 127 117 112 118 124 111 115
1997 128 117 112 119 125 107 115
1998 130 117 111 119 127 107 115
1999 131 117 112 120 128 107 116
2000 132 119 112 121 129 108 117
2001 134 120 113 122 130 109 117
2002 135 121 114 123 132 110 119
2003 137 122 115 125 133 111 120
2004 138 124 115 126 135 112 121
2005 140 125 116 127 136 113 122

Current $ (FOB $/tonne)

1989 137 118 112 128 133 115 115
1990 178 154 143 166 174 150 150-
1991 150 127 117 139 145 121 121
1992 145 131 121 133 140 119 127
1993 128 110 103 113 122 100 110
1994 119 110 106 112 116 101 108
1995 129 120 116 122 126 114 119
1996 135 124 119 126 132 118 123
1997 141 128 123 131 138 118 127
1998 148 133 127 135 144 122 131
1999 154 138 132 141 151 127 136
2000 162 145 137 147 158 132 142
2001 169 151 143 154 165 138 148
2002 177 159 149 161 173 144 155
2003 185 166 155 169 180 150 162
2004 193 173 161 176 188 157 169
2005 202 181 168 184 197 164 177
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DespIte reduced output ill North Amenca, total non-OPEC crude oil productIon IS expected to
mcrease by 2 5 to 3 0 nnlhon BPD from 1994 to 2000, and productIon could contInue to grow
thereafter

WorldWIde petroleum demand IS expected to contInue to illcrease m a stable pnce envrronment
World demand growth rates should on the whole remam moderate, averagmg only 2 percent
annually through 2000 and SlOWIng a bIt between 2000 and 2010 Strong growth of over
5 percent m the developmg AsIa-PacIfic reglOn IS expected to be partlally offset by modest
1 percent growth rates ill the developed OECD econOmIes
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Figure 2-7 Brent (FOB) Constant and Current 1994
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Moderate mcreases m world Oll demand are expected to be matched by mcreases m world crude
oil producoon capacioes OPEC capaclty utIhzaoon rates are projected to remam well below
90 percent through the forecast penod, as shown ill FIgure 2-8 Thus, aSSUmIng that a reasonably
sIgmficant supply cusluon remams ill place, very modest constant-dollar crude pnce mcreases are
the hkely outcome The proJectIons, however, antICIpate that OPEC will contInue managmg
supphes suffiCIently to prevent further pnce declmes, and that some modest constant-dollar pnce
gams will result as OPEC capaCIty utIhzatIon rates edge upwards

SectIon 2

The return of Iraq to the world crude market will probably result ill at least a temporary drop m
crude 011 pnces, but the tlmmg of thIs reentry IS uncertam Other OPEC members ill the PerSIan
Gulf have m&cated some willmgness to accommodate Iraq's return by tnmmmg therr own output
rates, but these adjustments will be made less pamful by a sustamed mcrease m demand for OPEC
crude m general Therefore, Bonner & Moore does not expect that Iraq's return will have a
sustamed Impact on crude 011 and refmed product pncmg
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27 GLOBAL MARKET PRODUCT PRICES

The refmed products market IS very much an mtegrated global market - pnce trends by product m
Europe are affected by the world supply/demand balance for each product. Bonner & Moore has
developed the World Refinmg Industry Model to represent the world's refmed products market.
The model IS used to determme trends m the product 1IIlportlexport pOSItIOn for major countnes
and reglOns, and determme bkely trade movements

2-15Romania Petroleum Downstream Restructunng Study
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Figure 2-8 OPEC Crude 011 Capacity Utilization
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Section 2

Petroleum demand growth patterns worldWIde are expected to be slIDllar to those of Western
Europe, m that growth rates for the ffilddle of the barrel WIll outpace those of other major product
categones Gasohne consumpuon m the mature markets of the DECD countnes (partlcularly the
Umted States) accounts for about 70 percent of the world's total gasohne consumpuon Gasohne
demand growth worldWIde IS projected at 15 to 20 percent annually, laggmg the dIstillates
average of close to 2 5 percent annually Natural gas competluon m the bOller fuels market 15 also
expected to hmtt reSIdual fuel 011 growth worldWIde, WIth consumpuon mcreasmg only
margmally

Crude oIl qualIty dIfferenuals are projected to WIden slowly over the forecast penod and are
expected to return to the 1993 level by the year 2005 TIns IS due to expected mcreases m North
Sea crude 011 producuon As menuoned earher, an addluonall 0 to 1 5 mtlhon BPD of
producuon wIll be reahzed m the next 5 years, wInch will depress crude oIl qualIty drfferenua1s m
the regIOn WhIle the demand for hght products m Europe IS expected to show healthy growth,
the demand for heavy products IS expected to dechne slowly (less than 1 percent per year) dunng
the decade Normally, these trends should lead to 1IIlproved hght product margms, but the
expected growmg North Sea producuon will keep the European crude oIl slate hght, resultJ.ng m
very slow gams m the hght product dlfferenuals
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28 MEDITERRANEAN MARKET PRODUCT PRICES

Table 2-4 Projected Mediterranean Refined Product Prices

The dIfferenTIal between naphtha and regular-unleaded gasohne has also narrowed to about
$30/tonne m 1995 due to mcreased demand for naphtha as a petrochemIcal feedstock. Growth m

Table 2-4 summanzes the major petroleum product pnce projecTIons A more detaIled tabulaTIon
of these projecTIons IS mc1uded m the AppendIx
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Constant 1994 $(FOB $/tonne) Average Annual Increase
Item 1995 2000 2005 1995 -2000 2000-2005

Unleaded Gasolme 165 179 191 17% 13%

Leaded Gasohne 166 180 193 17% 14%

Naphtha 142 158 173 23% 19%

Kerosene 152 173 185 28% 14%

o2 wt% Diesel 146 163 173 23% 12%

o05 wt% Diesel 151 173 183 29% 12%

3 5 wt% FuelOll 84 86 91 05% 12%

1 0 wt% FuelOll 97 100 104 06% 08%

SectIOn 2

U S refmers operated at close to 93 percent of crude 011 dIstIllaTIon capacIty m 1994 and reached
the 95 percent level dunng the summer peak demand penod of 1995 Therefore, WIth U S
refiners approachmg the maxImum sustamable operaung rate, the potenTIal U S market for
European product exports IS projected to grow

AsIa-PacIfic also represents a major export market for European refmers, partlcularly for those m
the MedIterranean reglon Bonner & Moore's World Refimng Industry Model results mdlcate
that the AsIa-PacIfic regIOn will mcrease Its lIDpOrts of dIstillates by the year 2000 by about 10 to
20 mJ.1hon tpy, and thus WIll contInue to provIde a potentIal export market for MedIterranean
refiners Gasohne lIDpOrts mto the regIOn are projected to remam faIrly constant Perhaps more
lIDportant, WIth respect to converSIOn requrrements worldWIde, the Asta-Pacmc regIOn IS hkely to
shIft to bemg a net exporter of fuel oll by 2000

281 Gasohnes

Octane capaCIty IS lIkely to be suffiCIent, WIth only a modest Wldenmg m gasolme quahty
premIums Nmety-elght RON (Research Octane Number) leaded gasolme will contInue to be at a
premIum relatlve to 95 RON unleaded gasolme m the MedIterranean, matnly because (1) the
leaded grade of gasolme has a lugher octane level than the unleaded grade, and (2) the shnnkmg
share of the leaded grade of gasohne has resulted m sIgm:ficantly hIgher storage costs for thIS
grade to prevent cross-contamInaTIon
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Figure 2·9 Spot Mediterranean Light Product Differentials

petrocheffilcal consumpllon worldWIde should con1lnue to outpace that for gasohne, further
reducmg the naphtha/regular-unleaded gasohne drlIerenoal to $22/tonne by 2005
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282 Distillates

Gas oll margms to Brent are also projected to Increase by a net $12/tonne from 1995 to 2005, as
shown m FIgure 2-9

The demand for dIs1l1lates IS projected to remam strong, espeCIally m Southern Europe where
gasohne and mesel are expected to grow at 2 percent per year and 1 5 percent per year,
respectIvely~ Southern Europe gasohne demand growth IS expected to outpace the demand

H!stoncally, the major pnce reportmg servIces, such as Platt's, have not rou1lne1y reported pnces
for dIesel Bonner & Moore's sources mdIcate that 0 2 wt% and 0 05 wt% dIesels currently
command a $5/tonne and $10/tonne premIUm over gas Oll, respecllvely Pnce dIfferenllals for
d1esel WIth a sulfur content of 0 2 wt%S wtl1 steadily WIden, relallve to the standard European
Dillon gas 011 product m the MedIterranean, to $15/tonne ill 2005 The change m pnce
dIfferentIal reflects transportallon costs to move the product to dIstant export markets

1om97 330 PMllw/n \97 5474\'i474c003 doc

The hghtemng In the European crude Oll slate, coupled WIth Improved d1S1l1lates avatlability ill the
AsIa-PacIfic regIOn (a result of the startup of two new grass-roots refinenes and other
expanSIOns), led to a substanllal erOSIOn ill gas Oll margms In 1994 Gas 011 margms con1lnued to
narrow m 1995 to an es1lmated $15/tonne Growth m d1s1l1late product demand and mcreasmg
1Illport reqillrements ill Europe should support a slow but steady recovery ill margms throughout
the forecast penod Gas oll margms are projected to return to the 1992 level of $26/tonne by
2000, and then grow to $28/tonne by 2005
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Figure 2·10 Spot Mediterranean Heavy Product Differentials

growth for dIesel/gas oll The tax advantages dIesel fuel enjoyed ill Italy have recently been
removed, resultIng In slgmficantly stronger demand for gasohne However, the reverse is true for
Northem Europe, where the Improvement ill dIsullate margms IS expected to wIden
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283 Fuel Oils

As dIscussed earlIer, the expected dechne ill fuel Oll demand ill Europe IS due to Its dIsplacement
by natural gas The fuel Oll market IS slowly fadmg away, and the fuel all to Brent drfferenllal
reflects thts transltlon FIgure 2-10 shows that by 2005 the fuel all dlfferentIal1S projected to be
between the 1993 and 1994 levels

Gross margms relauve to Brent crude all for jet kerosene have also tracked gas Oll values
downward SInce 1990, reflecung the easillg m the mtemauonallIght products market The
chfferenual between jet kerosene and gas Oll also narrowed from $24/tonne m 1989 to $12/tonne
In 1994 Growth ill jet kerosene IS expected to exceed growth In diesel, and the mgh growth for
both jet kerosene and dIesellS expected to tIghten the supply pIcture for the swmg cuts The
drfferenllal between Jet kerosene and gas OlliS also projected to steadlly WIden, ill real terms, to
$18/tonne by 2005

Increased processIng of North Sea crude all and the overall hghtenmg of the crude 011 slate
worldWIde have substantIally firmed the mternatIonal fuel all market In 1993, 3 5 wt%S fuel Oll
pnces In the MedIterranean were $71/tonne below the dated Brent crude Oll pnce, a pnce
relatlonshlp sIml1ar to that ill the late 1980s The drfferenual was reduced by almost half, to $41
to $44/tonne m 1994 and 1995
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2 9 PETROCHEMICAL DEMAND

Table 2-5 presents current productlon volumes and projected demand through the year 2005
Aggregate productlon tonnage IS projected to grow at about 5 percent per year dunng
1995 - 2000 and about 4 3 percent per year dunng 2000 - 2005

PetrochemIcal product demand projections are estlmated by makIng the lilltlal (and nnpreclSe)
assumption that current productlon meets all demand Wlthm Romama ThIs approxunatlon IS
necessary because mformatlon on domestlc consumptlon and net exports 18 not ava:I1able for most
products ThIS demand table must of course be adjusted 1fnew mformatlon reveals that current
productlon does not meet domestlc demand

Domestlc demand IS projected for each petrochenucal product based on current shIpments to each
domestlc customer group and on estlmated growth rates for each group Estlmates of current
shIpments are prepared from mformation proVIded by Rafirom and supplemented by mformatlon
from the manufacturmg SItes The MllllStry of Industry and Trade (MolT) has furmshed estlmated
growth rates for the major customer groups For certam low-volume customer groups,

Market Review and AssessmentSection 2

The chfferentlal between 1 0 wt%S fuel 0:11 and 35 wt%S has also narrowed as a result of the
mcreased processmg of the lIght crude o:l1s, WhICh are predommate1y sweet as well The
drfferentlal decreased from $30ltonne m 1993 to an estlmated $13/tonne ill 1995 Theoretlcally,
WIth the reduction m the sulfur content of fuel otls that can be burned due to hnutatlons on plant
stack gas enusSlOns, the sulfur dlfferentlalls expected to WIden Bunker fuel consumptlon IS
expected to mcrease, m contrast WIth bo:l1er fuel, the usage of which IS expected to dechne
because of gas substltutlon, hence, the dtfferentlallS bkely to remam narrow, ill hlStoncal terms,
WIth a value of $14/tonne projected for 2005

Although the share of hght North Sea crude OllIS projected to contmue to Increase, exports of
fuel Oll are expected to nse from 1995 to 2005 owmg to hght product demand growth and a
declme m fuel Oll usage At the same tune, mtematlonal market condItlons are expected to ease
As the surplus of heavy fuel 0:11 m Europe grows, the chfferentlal between 3 5 wt%S fuel 0:11 and
Brent IS projected to WIden steadtly to $49/tonne by 2005 However, although the dIfferentlallS
expected to mcrease, levels will probably remam substantlally less than those m the late 1980s and
early 1990s

PetrocheIDlcal operations were evaluated at five major refmmg SItes PetrobrazJ., ArpechlID,
Petrotel, PetroID1ma, and Rafo Current petrocheIDlcal operatlons of the five major SItes produce
roughly 400,000 tonnes per year (tpy) of ethylene denvanves, propylene denvatlves, and
aromatlcs denvatlves Exports account for roughly 25 percent of productIOn based on tonnage
and roughly 25 percent based on market value Slg111ficant volumes of these products are sold to
domestlc manufacturers of plastlcs products, synthetlc yarns and fibers, parnts and VarnIshes, and
rubber products Petrochenucal products are sold ill lower volumes to producers of automotlve
products, detergents, mks, dyes, and speCIalty metals, and for use ill petroleum processillg
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1995 1995 1995 2000 2000 2000 2005 2005 2005
Item Domestic Export Total Domestic Export Total Domestic Export Total

Ethylene Denvauves

LDP 346 195 541 438 230 667 553 269 822

HDPE 183 37 220 231 44 275 292 52 343

ME+A/F 233 26 259 314 31 344 422 36 457

DE + PEG 25 00 25 29 00 29 35 00 35

Ethylene for PVC Export 00 672 672 00 792 792 00 926 926

Propylene Denvauves

Polypropylene 146 152 297 184 179 363 233 209 442

Acrylomtnle 243 494 737 369 583 952 369 681 1051

Sodium CyanIde 18 11 29 22 13 35 27 15 42

Phenol 91 00 91 141 00 141 217 00 217

Acetone 51 03 55 79 04 83 123 05 127

Nonyl Phenol 04 00 04 05 00 05 07 00 07

Ethoxylates 40 00 40 49 00 49 60 00 60

AromatJ.cs and Denvauves

Benzene sales 74 33 107 101 39 140 125 46 170

Toluene sales 189 70 259 292 82 375 365 96 462

Xylenes (Mlxed)

MaleIC Anhydnde 19 34 53 27 40 68 39 47 86

PhthalIc Anhydnde 11 75 86 16 88 104 22 103 125

DMT 180 350 530 273 412 686 415 482 897

Carbon Black 163 ---.Q.Q 163 219 --.Q.Q 219 295 --.Q.Q 295

Total 2017 2152 4168 2790 2537 5328 3598 2967 6565

Export ShIpments % of Total 236 218 207

Aromaucs Intermediates

Benzene (MAN + Phenol) 17804 263 422

o-Xylene (PAN) 92 112 135

p-Xylene (DMT) 376 487 637
(mcludes toWlIDport)

Benzene Total (sales + 285 404 592
mtermedIates)

Average Growth Rates III Product Demand 1995 -2000 2000-2005

(Tonnage), %I¥ear 50 43

Table 2·5 Petrochemical Demand Projection (106 tpy)I
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210 PETROCHEMICAL PRICING

In our analySIS of the manufactunng complexes and petrochenncal operatIons, we dId not project
future pnces Instead, we based all of our analySIS on flat pnces at the levels shown below

mcludmg mk. and dye manufacturers, growth rates are not available and, m these cases, the
projected Romaman GNP annual growth rate of 4 0 percent has been assumed

2·21
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Table 2·6 Petrochemical Prices
(Delivered In Romama)
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Item $/tonne Item $/tonne

Ethylene DenvatIves AromatIcs and DenvatIves 344
LDPE 913 Benzene sales 216
HDPE 844 Toluene sales 1,189
MEG 693 MaleIC Anhydnde

Propylene DenvatIves PhthalIc Anhydnde
1,471

Polypropylene 913 DMT 1,174

Acrylollltnie 1,280 Carbon Black 450
Phenol 863
Acetone 621

SectIOn 2

Export demand growth IS estImated assummg that exports will escalate at a rate correspondmg to
the average annual projected GNP growth rate for Europe as a whole, 3 4 percent dunng 1995
2000 and 3 2 percent dunng 2000 - 2005 Total demand IS then computed as the sum of
domestIc and export demand

InternatIonal market pnces of petrochemIcals vary WIdely from year to year m response to global
supply and demand patterns Globally, demand follows overall econonnc growth trends
CapaCIty, however, IS added erratIcally, usually through constructIon ofvery large, world-scale
plants WhICh are constructed dunng and ImmedIately after a surge ill product pnces As major
capaCIty IS added, global pnces fall to lower levels

These demand proJectlons have mfluenced the assessment of the VIability of petrochenncal
operatlons Where umt processmg and productIon costs are now unacceptably lngh as a result of
low operatmg rates, costs have been reevaluated to determme whether cost performance IS hkely
to lIDprove SIgnIfIcantly at expected future productlon rates The demand proJecnons also prOVIde
a means to IdentIfy near-term capaCIty constramts
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211 CONCLUSIONS

Pnces shown above have generally deelmed Sillce tIns analysIs was performed We beheve our
conclusIOns about the econOmIC vIability of the petrochemIcal operatIOns would not change 1f
current pnces had been used mstead of those presented above

Crude Oll will contInue to be ill abundant supply, and the average pnce, ill real terms, will mcrease
only shghtly dunng the next 10 years OPEC capaCIty utlhzatIOn will ratchet up durmg thIS
penod, but the effect will be offset by other supply factors MedIterranean product pnces will
follow current trends and mamtam present pnce dIfferennals to crude mdexes RegIOnal refinery
margms dechned from 1990 to 1995 and are expected to remam weak through the study penod,
creatIng mtmmal opportumtIes for product exports mto the Black Sea market.

FolloWing the severe receSSIon ill Romama ill 1992 and 1993, the economy has rebounded and IS
expected to mamtam a real growth rate of 4 percent for the future Tlus growth rate will lead to a
correspondmg illcrease m demand for refined petroleum products The consumptIOn of fuel OIls
will be stable, and growth Wl11 be m the areas of gasohne, diesels, and LPG Unleaded gasolme
will make up half of all gasolme consumptIOn by the year 2005, and the mcrease ill dIesel
consumptIon will come entIrely from greater demand ill low-sulfur diesel Wlthm the fuel Oll
category, the demand will SWitch dramancally from htgh-sulfur to low-sulfur fuel Oll

2-22
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31 INTRODUCTION

Section 3

Refinery Sector Assessment

TIns sectlOn provtdes an overvtew of the Romaman refinery sector, one key element ill the
petroleum manufactunng sector, winch mcludes mtegrated complexes COllSIStmg of refmenes,
petrocheIDlcal plants, and lubncant plants In general, refinenes supply feedstocks to
petrocheIDlcal and lubncant plants, but m some cases these plants sell products back to the
refinenes and, m other cases, they obtam feedstocks from other sources The unIque aspects of
petrocheIDlcals and lubncants are dIscussed m Sectlons 5 and 6, respectIvely

The ObVIOUS solutIOn to the problem of overcapacIty IS to ranonaltze RomanIa's surplus capaCIty
The questIon, WInch refinenes should be ratlonalIzed? IS, however, not easy to answer Normally,
a smgle refmery's refinmg assets would be dIvtded mto lOgICal groups, and these groups would be
ranked m order of therr econOmIC performance For such analyses, a smgle refinery mIght be
dtVIded mto two or three groups (e g, basIC dtstillatIon, FCC complex, lubncants) m order to
allow the best umts to be evaluated separately TIns type of analySIS of mdIVIdual refinenes would
then be carned out across all refmenes to develop the best solutlon for the entIre reflnmg sector
The rankmg of available capacIty from thIs analySIS would usually be compared to current and
projected levels of demand to IdentIfy whIch capacIty IS needed and winch capaCIty IS not needed
or IS surplus Such an analySIS for RomanIa clearly mdtcates that two large refinenes are surplus
However, because the layout of each of the five large refmenes IS so stm:tlar and therr
mterconnectlons to the petrochemIcal and lubncant sectors are so complex, thIs approach alone
will not be suffiCIent

31Romania Petroleum Downstream Restructunng Study
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As descnbed m SectIon 1, our analySIS resulted m recommendatIons that the two least effiCIent
large refinenes be permanently shut down m order to estabhsh balance and econOmIC stability to
the entlre sector To clarIfy why these uruts should be IdentIfIed as surplus, we present the
followmg mformatIon m thIS sectlon and m Sectlon 4

As mentIoned prevIOusly, refinmg u1lhzanon rates are unsustamably low RomanIa possesses
about twIce as much refinIng capacIty as It needs RealIstIcally, there IS SImply no way for
RomanIa to econoIDlcally utilize thIs surplus capaCIty because (1) processmg Imported oil for
resale mto the export market IS structurally uneconoIDlC, (2) It IS much cheaper to buy fuel oil than
Import large volumes of crude 011 for manufactunng fuel 011 O1Ily to export the other products, and
(3) despIte robust growth, RomanIa's future domestIc demand for refined products IS projected to
be far too low to use the surplus refinmg capaCIty DespIte thIS underutIhzatIon of capacIty, alII0
RomanIan refmenes contInue to operate, pIlmg the cost burden of an meffIcient 33 mtlhon tonne
per-year (tpy) sector onto a current domestIc need for only 12 mIlhon tpy of refined Oll (If the
sector IS fully optImlzed, total demand m 2000 of 17 mtlhon tonnes IS best met by 5 mIlhon tonnes
of product Imports and 12 mtlhon tonnes of crude processmg) To support thIS mefficlency,
masSIve mdrrect subSIdIes are provtded to the refinenes Consumers pay too much and oil
producers are pard too httle, and still the refmers are unable to generate suffiCIent capItal to
modermze and Improve
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3 1 2 Key Terms

Two econOmIC terms are used extensIvely m thIS report real pnceslcosts and net present value
For clanty, they are defmed and dIscussed below

The term real przces and costs, also referred to as expenses and costs zn constant dollars,
mdIcates future pnces or costs, excludmg future mflanon For example, 1f the pnce of OllIS $150
per tonne on January 1 and dunng the year mflanon IS 10 percent, makIng the pnce $165 per
tonne at year-end, then market pnces have not changed, apart from mflatlon Our analysIS Ignores
mflatIOn and would pnce 011 at both pomts at $150 per tonne

• Strategtc assessment of RomanIan refinenes

• AnalYSIS of the cntlcalISsues

• A strategtc summanzatlOn of mdIVldual refinery performance

• Methodology for the Process Industry Modehng Simulatlon (pIMS) econOmIC
analysIS

• Results of the PIMS analYSiS

• ConclusIOns and recommendatlons

311 EconomIc EvaluatIon Methodology

Several different econOmIC evaluanons were conducted as part of tIns study The econOmIC
VIabIlIty of the five large refmenes was evaluated usmg the PIMS hnear programnung model, our
prOjectIOns of Romama's future domesnc demand, and Bonner & Moore's projectlOns of
mternanonal market pnces for crude oll and petroleum products DetaIled models covenng each
manufactunng complex were developed under several drlIerent operating scenanos The
econOIDlC models mcluded not only the refinenes but also the petrochemICals and lubncants
actiVIties WIthm the same manufactunng complexes Cash flow spreadsheets were prepared ill

combmanon With the PIMS model to generate projected future annual cash flows for the years
1995 through 2005 From these cash flows, the net present value (NPV) of future cash flows was
calculated assummg a 10 percent dISCOunt rate over a 20-year penod, after 2005, the projected
results were held constant for 10 addInonal years In addInon, a foreIgn exchange NPV was
calculated to summanze the amount of foreIgn currency that the downstream sector would
reqUIre under each scenano These NPVs, together WIth a strategic assessment of the underlymg
assets, served as the pnmary factors gUIdIng our optl.m1zanon and ranonalizatIon
recommendatlons for the nve large refinenes The econoIDlc Viability of the five small refmenes
was evaluated usmg a sImpler, quahtatlve process
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3 2 OVERVIEW OF THE CURRENT ENVIRONMENT

Section 3 Refinery Sector Assessment

Apart from small amounts of mtermed1ate product transferred between refmenes Wlthm Romama
and a small amoUllt of condensate from domesnc oil and gas fields, crude ollIS the exclUSIve
feedstock m all Romaman refinenes All of the crude Oll producnon from domesnc fields IS
utilized by the domestIc refmenes, m other words, there are no crude exports DomestIc 011
productIon, however, has been declmmg, and the country currently produces only 6 5 millIon
tonnes annually

Romama Imports the balance of Its crude supphes from mternanonal markets VIa the Black Sea.
A common Oll recelvmg and dIStrIbutIon system With adequate capacIty IS shared by the five large
refinenes (the five smaller refmenes process only domesnc crudes) It IS centered on (1) a deep
water termmal (011 TefIDlnal), located m Constanta, whIch IS able to handle 150,000 dead-welght
tonne vessels (the Black Sea bmIt), and (2) a set of large-d1ameter crude oil pipelmes operated by
Conpet These plpelmes connect Oil Termmal With each of the five large refinenes TefIDlllal,
storage, and plpelme mfrastructure represents a strategic asset provldmg each of the connected
refmenes Wlth effICIent access to mternatIonal feedstock markets

3-3Romama Petroleum Downstream Restructurmg Study
RationalizatIon and Cntlcallnvestment Study - Fmal Report

3 122 Net Present Value (NPV)

The term net present value IS used to mdIcate today's value of a senes of future annual cash flows
adjusted to reflect the tune value of money at a d1scount rate (or mterest rate) It IS expressed as
the smgle dollar amount reqmred today to exactly equal, from an econOIDlC standpomt, the value
of an entrre senes of future cash flows NPV IS dependent upon the preval1mg rate of return or
dIscount rate used to compensate for the tlme value of money As these rates mcrease, cash flows
m the future are less valuable from an NPV standpomt In all the NPVs presented herem, an
annual dIscount rate of 10 percent IS employed Oil company mvestors, for example, commonly
use d1scount rates of 15 percent to 25 percent m such analyses wluch, Ifused m tlus analysIS,
would have dramancally lowered the NPVs TIns 10 percent dIScount rate IS consIdered
reasonable smce the cash flows to be dIscounted do not mclude mflatlOn and our purpose was not
to evaluate the resale value of the plants or to assess whether to bul1d them but rather to
determme wInch ones should remam open and whIch should be shut down All future revenues
and costs of feedstock are pnced at mternatIOnal market pnces, usmg U S dollar eqUlvalents for
leI costs

There are currently 10 refinenes operatmg m Romama, Wlth a total refinmg capaCIty of
approxlIDately 33 millIon tpy (roughly 720,000 barrels per stream day) FIve of these refmenes
are IDld-slzed, fuel-producmg facilines (average capaCIty, each, of 55 rm1lJ.on tpy), each haVIng an
assocIated petrocheIDlcal or lubncant operatIOn TIns group of refinenes represents 85 percent of
the refinmg capaCIty m Romama and employs a workforce ofJust over 30,000 The remammg
five reflnenes are small regIOnal plants (average capaCIty, each, of 1°milllon tpy), some of wInch
have umque operatIonal or lOgIStIcal advantages Table 3-1 summarIZes refinmg capaCItIes and
capabilines, FIgure 3-1 shows the locatIon of refinenes and crude pIpelmes
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103 tpy (As Percent of Crude Distillation)
Item Crude Distillation Reform FCC Vlsbkng Cokmg PChem1 LubeS2 Bitumen

Large Refmenes

Arpechml 6,500 15% 29% 15% 0% 6% 6% 6%

Petrobrazl 7,500 25% 15% 0% 26% 2% 3% 0%

Petronudta 3,500 14% 29% 0% 23% 7% 0% 0%

Petrotel 5,000 10% 20% 1% 14% 1% 8% 4%

Rafo 5250 19% 24% 1% 6% 0% 6% 0%

Subtotal 27,750

SmaIl Refmenes

Astra 2,000 0% 0% 0% 23% 0% 12% 2%

Darmanestl 1,500 0% 0% 27% 31% 0% 0% 0%

Petrolsub 400 0% 0% 0% 0% 0% 0% 44%

Steaua 400 0% 0% 0% 0% 0% 8% 8%

Vega 800 0% 0% 0% 0% 0% 4% 8%

Subtotal 5,100

Total 32,850 15% 19% 5% 14% 3% 5% 3%

Figure 3·1 Location of Refmerles and Crude Pipelines

Table 3·1 Refining Capacities and Capabilities

3-4
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Maln all Producmg Areas

Black Sea

• Refinenes

~ Imported Crode Pipelines
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Section 3

Source Davy McKee "Charactenzatlon Report Romaman Refmmg," 1992
1 Lube capaClty based on furfural extractIon
2 Petrochenucal capacIty based on net product productton
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It IS extremely costly to process a small demand across mul1J.ple refinenes that have large
aggregate surpluses of capaCIty Refinery profItability IS heavily dependent upon the rate of
capaCIty utthzatton TYPICally, refinenes are profItable when average capaCIty utilizatIOn IS wlthm
±5 percent of 90 percent In Romama, however, the current level of capaCIty utilizatton IS only
45 percent (14 8 ml1hon tonnes out of a total 32 8-mIlhon-tonne capaCIty), 1f certam crude runs
that supply only export markets (and fund crude acqUlSI1J.on) are excluded Ehmma1J.ng some
eXlSoog capaCIty IS clearly one of several prereqUIsItes for restonng Romama's refinmg sector to
profitability

Assummg a rela1J.vely rapId overall eConOmIC growth (4 percent mcrease m GDP), total refmed
products demand IS projected to grow slgmficantly over the commg decade DespIte tIns robust
growth, the overa1llevel of demand IS projected to remam slgmficantly below the current level of
crude illstl1latlOn capacIty FIgure 3-2 illustrates the overhang of refmmg capaCIty by comparmg
current capaCIty to total product demand Demand for 1995 and 2005 (148 IDJ1hon tonnes and
196 rmlhon tonnes, respecttvely) represents less than 60 percent of total current capaCIty
Surplus capaCIty IS 180 mIlhon tpy ill 1995 Projected demand growth, IT reahzed, would reduce
tIns surplus to 13 2 mIlhon tpy by 2005 A surplus of 13 2 Imlhon tpy IS roughly eqUlvalent to
two average large refinenes (5 5 rrull10n tpy each) and two small refmenes (1 0 rrulhon tpy each)

3-5
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Figure 3-2 Overhang of Romaman Refining Capacity (106 tpy)
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Total Capacity
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JsurPIUS capacity (132 x 1aetpy)
EqUivalent to two large plus two small reflnenes

196

148

I I I I

I I I I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Table 3-2 Current Economic Loss from Manufacturing
(10 Refining Complexes)

The financIal statements of the five largest refinenes reflected a profit of 189 bllltOn leI ill 1994,
roughly eqmvalent to $118 nulhon Allowmg for proportIonal profitability at the five small
refinenes would Increase the reported level of profit to $139 nulhon per year However, only
huge SubSIdIes from other sectors of the economy made tlus posluve result possIble SInce
(1) domesuc crude IS now sold to the refmenes at pnces that are about one-thud below
mtemauonal market eqmvalents and (2) many refmed products are sold at refmery gate pnces that
are substanually hIgher than mtemauonal market eqUIvalents (gasolme pnces, for example, are up
to $100 per tonne above market pnces)

Under Romama's dIstorted pnce controls, the downstream sector appears to be profitable but, m
fact, manufactunng alone IS losmg almost $1 0 millIon per day, a total of $305 rrnlhon per year
when market pnces are taken mto account Market-pnced econOmlC results for the sector are
dIfficult to obtam, as all reported results are heaVIly dIstorted by cross-subslmes mto and out of
the sector and between members Wlthm the sector Table 3-2 shows our calculauon of the
econOITllC loss for manufactunng based on market pnces for thIs Important part of the sector
Because not all data were avaIlable on a conSIstent basIS, the results had to be estlmated usmg a
combmatIon of 1994 and 1995 data obtamed from a vanety of sources The net result IS

ImpreCISe, but the order of magnItude of the loss IS belIeved to be correct ill all matenal respects

1 In late 1995, the market pnce of 011 dehvered m ROmanIa was $134 per tonne as compared WIth the $92 per
tonne paId to Petrom ThlS represents a $42-per-tonne SUbSIdy from Petrom to the refiners on an annual
volume of 6 5 mIlhon tonnes of domesuc crude oI1, a total of$269 nulhon a year

2 Refinery gate pnres of $162 per tonne charged by the refmers m 1995 were apprmam.ately 12 percent hIgher
on average than mtemauonal pnces For the 11 8 nulhon tonnes ofrefmed product sold m the domesl:1c
market, thiS $20~per-tonne charge represents a subSidy from consumers to refiners a total of $230 IDIlhon per
year

3 PetrocheIllical products used m the domesuc market III 1995 were sold at prIces wmch, on average, were 36
percent lower than the $790 per tonne average mtemauonal pnce For the 193 000 tonnes sold, the
petrocheIllical sector subsldtzed other mdusmes at a total cost of $55 IDllhon, nel
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Item $Million

Reported "Operaung Profits" from Manufaetunng 139

EImunate SubSlChes Reflected m the "Operatmg Profits"

Domesuc 011 Purchased Below Marketl (269)

Refined Products Sold Above Marker (230)

PetrocheIllicals Sold Below Market to Others3
~

Total Net SubslChes (444)

Actual EconomIc Loss from Manufactunng Per Year (305)

Section 3
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Assummg a net loss of $305 millton per year (see Table 3-2), the NPV of the manufactunng
complexes IS less than zero, a negatlve $2 7 billIon, usmg a 10 percent discount rate and 20 years
of net cash flows The assets used m manufactunng represent a major mvestment for the natIon
TheIr value lS unknown, but to replace all of them would mvolve a new constructlon cost
estlmated to approach $10 billIon, before reductlons for depreCIatlOn and obsolescence, wluch
would bnng the value down sIgmficantly These facilitles would not be rebwlt as they are under
any CIrcumstances However, thIS figure gIves an mdicatlon of the value of assets that are bemg
deployed With no econOmIC returns and, m fact, WIth an enormous destructlOn of value

The $305 nnlhon annual economIC loss from manufactunng results from two major, mterrelated
factors

Second, the eXIstmg plants are poorly operated

• The opera1J.ng practlces used are based upon unchangmg (set-It-and-forget-It)
opera1J.ng paradigms WhICh reduce product Yields and contnbute to excessive
destructlon of products through fuel use and loss m manufacturmg We estImate that
the costs ill substandard yIelds (product gIveaways) and exceSSIve hydrocarbon losses
(or unaccounted-for losses) total at least $130 mllhon per year ThIs further
contnbutes to the sector's real econOmIC loss

• To pay for crude Oll, the refinenes engage ill costly barter arrangements wmch
destroy value through transportatlon and uneconOmIC pncmg The costs of these
practIces are mcluded m the second bulleted Item above The foreIgn currency costs
of barter arrangements are dIscussed m subsequent sectlons

Fast, the manufactunng sector IS plagued WIth huge overcapacIty, ill refmmg, lO plants are
operatIng when 6 would suffice to fulfill the natlon's needs Tlus leads to masSIve economIc
losses, for the folloWIng reasons

• Too many people are employed The 10 plants employ 37,700, where only 12,900
employees and contract workers are really needed Employmg 24,800 excess people
at an annual average cost of wages and benefits, totalmg $3,076 per person, Imposes
a needless cost of $76 milllon per year and contnbutes sIgmficantly to the sector's
real econOmIC loss

• To keep alllO plants operatlng, the refmenes process 18 milllon tonnes of crude Oll
when about 10 mllhon tonnes would produce better results The extra crude OlllS
cycled mto the refmenes from lIDpOrts and VIrtually all products are then exported, an
aCtlvIty that produces losses, whIch we estlmate at $20 per tonne on the extra
8 mllhon tonnes ThIs contnbutes an aVOIdable loss of $160 IDl1hon per year to the
sector's total loss

• Mamtenance, utlhtles, msurance, and taxes for the four unneeded plant complexes
contnbute an aVOIdable cost of $85 milllon per year to the sector's loss
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For a refmery to be regarded as strategIcally compelltIve, It must show strength m each of these
components It IS unusual for a refinery WIth a senous weakness m any smgle category to SUrvIve
over a long penod In the followmg sectIons, we evaluate the strengths and weaknesses of the
fIve large refinenes for each of these four strategIC components

The strategIC competItIveness of any gIven refinery can be assessed by consIdenng four
fundamental components, as shown m FIgure 3-3

• EffiCIent access to feedstock markets

• Access to sheltered tnbutary markets

• Facthlles configured accordmg to reglOnal econOmIC mcenllves

• EffICIent operallons and strong cost control

Most successful refmenes sell the bulk of therr productIon to sheltered tnbutary markets A
sheltered market, for tlus analyslS, can be defined as any market that IS Insulated from the hyper
compelltIve pncmg of an mtematIonal tradmg center by some sort of transportatIon bamer
PotentIal Importers cannot easlly bnng cheap products from a tradmg center to a sheltered
market If they do, they must rely on htgh-cost rali or truck transportatIon, whIch makes the fmal
cost of these movements very hIgh (1 e , the cost of oll plus the htgh cost of transport) Because It
IS usually cheaper to transport crude oIl m bulk than to Import ftmshed petroleum products (whtch
reqUITe specIal handlmg to protect qualIty), refinenes servmg sheltered markets normally realIze
htgher margms because therr competItors must mcrease therr pnce to recover the htgher
transportatIon cost, whIle the local refiner does not.

Our evaluatIon of the RomanIan refinenes begms by puttmg them m the context of the worldWIde
matnx of demand and productIon centers Large mtematIonal tradmg centers for petroleum
feedstock and refmed products eXlst m the Mechterranean regIOn, Northwest Europe, the U S
GulfCoast, and Smgapore These tradmg centers enable tnbutary refmenes to economIcally
optlIDlze theIr overall productIon by sellmg or buymg margmal quantItIes for a small portIon of
therr throughput However, pnces m these markets are dommated by the mcremental declSlOns of
the largest and most efficIent refmenes assoCIated WIth them The MedIterranean tradmg centers
are mtensely competItIve, as sellers are seekmg a market of last resort to get nd of unwanted
products, and m these centers pncmg IS typICally at such low levels that an average refiner IS
unable to recover Its fixed costs Consequently, refinmg margms m these markets are usually
negatIve, or at least very small VIrtually no refinenes can be finanCIally successful by dependmg
entIrely on mtematIonal tradmg centers as therr pnmary market
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As mentloned preVIously, Romama's pncmg system results m an artIfiCIally low pnce for domestIc
crudes, proVldmg a $269 rru.l.hon SUbSIdy ($42 per tonne) for those refinenes fortunate enough to
process domestlc crude

Petrom supphes the 011 produced m Romama to the refinenes accordmg to an allocatlon plan
developed pnmanly by Rafirom under gUldelmes establIshed by the MmIstry of Industry (Mol)
AllocatIon of thIS crude IS determmed by mternal negotIatIon between Rafirom, the refmenes,
Petrom, and the Mol The pnce of domestlc supphes IS set by the Mm1stry of Fmance (MoP) and
IS not effectlvely lmked to mtematIonal markets A pncmg CommIttee establIShes a theoretlcal
market pnce for domestIc crude olls by adjustIng the pnce of Brent crude to the average for
Romaman crudes Further adjustments based on qualIty vanatlons and other factors are mtemally
negotIated between Rafirom, Petrom, the MoF, and the refmenes to arnve at OffiCIal pnces for
each crude The offiCIal pnces apply rrrespectIve of the pomt of dehvery Pnces are not regularly
updated to reflect changes m mternatIonal markets or currency exchange rates The frequency of
updates IS mcreasmg, but has yet to reach even regular monthly mtervals

Figure 3·3 Strategic Competitiveness of Refmerles

3 3 1 Access to Feedstock Markets

Romaman refinenes techmcally have three sources for obtammg crude

• Domestlc crudes from Petrom

• Imported crudes VIa Rafirom

• Dtrect commerCIal arrangements (eIther purchase or processmg)
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Section 3 Refinery Sector Assessment

Rafirom supphes vIrtually all the lffiported crude oIls to the refmenes Rafirom possesses several
pnvtleges that enable It to acqmre Oll from mtematIonal markets

• Romaman Bank letters of credlt (IlCs)

• The ability to convert large sums of leI to dollars Wlthm 90 days

• Access to mtematIonal markets VIa PetrolExportlmport (pEl)

33 12 Imported Crude 011

The eXlstmg pipehnes of Oli Termmal and Conpet, together WIth deep-water access to the
Medtterranean market, gIve the five larger refmenes effIcIent access to a WIde vanety of
mtematlonal feedstocks Oli Termmal can receIve 150,000 dead-weIght-tonne vessels and has
adequate tankage to receIve and segregate cargoes of crude oIl The Conpet pipelmes have m
place capacIty suffICIent to fully dehver enough Imported crude to each of the five large refmenes
to meet projected domestIc demand However, the structure of the RomanIan petroleum mdustry
prevents the refinenes from bemg able to effectIvely use thts mfrastructure

Under thIS arrangement, Rafrrom plays two basIC roles fmanc1al clearmghouse for petroleum
product sales (convertmg leI from petroleum product sales to dollars), and natronal oli tradmg
company (purchasers of mtematIonal crudes VIa PEI)

The avatlability of a fmanClal clearmghouse has permltted the refinmg sector to acqmre and pay
for sIgmflcant quantItIes of lIDported oli, despIte the payment gndlock WIthm the country Thl8
clearmghouse represents a pOSItIve cooperatIon between government and mdustry to work m the
overall natIonal mterest of the country Untll hqmdtty IS restored to Romaman fmancial markets
and the leI becomes rapIdly converttble mto hard currency ill large volumes, some sort of finanCIal
clearmg system will remam cntrcal for the downstream petroleum mdustry ThIs IS demonstrated
clearly when one conSIders that a smgle lIDpOrt cargo of dehvered lIDported crude Oess than 4
days of supply for the country) trades at roughly $20 mtlhon

310Romama Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment Study - Final Report

Rafrrom has used Romaman State Bank UCs to estabhsh commerCIal UCs With at least one
mtematIonal bank Backed by mtematIonally recogmzed credIt, Rafirom purchases 011 from
mtematIonal markets With payment terms of 90 days Payment IS 50 percent (of value) by cash
and 50 percent (of value) by product export (mostly gasohne) PEl acts as a capuve tradmg agent
for Rafirom and prOVIdes tradmg expertIse m negotIatIng crude acqwsltIon arrangements

Raflrom resells the purchased crude oli to each of the flve larger refmenes Payment by the
refinenes to Rafrrom 18 approXImately 50 percent (of value) by product dehvered to Constanta for
export and apprmomately 50 percent (of value) m leI Payment IS due m suffiCIent tlme to enable
Raflrom to settle Its obhgatlOns to the crude 011 supphers Rafirom negouates the terms (pnce,
percent payable m money or m kInd, due dates, etc) WIth each refmery m accordance WIth Mol
gmdelmes, but, as the monopoly suppher of tmported Oll, It IS essentIally able to unilaterally
lffipose terms upon the refinenes

10m974 15 PMIlw/n \97 5474\5474c004 doc

I
I
I
I
I
I
I
I
I
I
I,

I
I
I
I
I
I
I
I



Tlus 18 not to lIDply that Rafirom or the refinenes are domg therr Jobs poorly, the problem 18 that the
meffiClent structure wrtlun winch Rafirom and the refinenes must operate leads to degraded refinery
performance The system 18 neIther a true market, where competl1:lon and hqU1dIty dnve players
toward effiCIency, nor a centrally opt1rrnZed system, such as the one major Oll companles used mthe
1970s

Under Romama's current system, crude acqUlSIDon declS10ns are made by Rafirom Wlth httle detailed
understandmg as to how the crude will be processed at each refinery and Wlth no ability to control
refinmg operatIons Moreover, lackmg the ability to detect and seIZe market OppOrtunIt:1es, the
refinenes are processmg oIls and blendmg products Wlthout cODSlderanon ofmcremental profit
opportunItIes and are not adJustrng operatmg parameters of therr refinenes based on the econorrnc
OppOrtunItIes aVallable m the market Market and operatmg mformatIon IS cross-matched only when
each refinery purchases another cargo of Oll for a gIven refinery Consequently, the cycle tnne for
mformatIon exchange 18 several weeks and the transfer ofOppOrtunIty mformanon IS mdrrect, lmnted,
and meffectlve The system IS further dIStorted by the Jrnbalance ofpower between Rafirom and the
refinenes TIns effectlvely cuts offthe flow ofuseful econOmIC mformanon from the refinenes upward
as Rafirom lIDpOSes operatmg goals on the refinenes

Apart from Its financIal cleannghouse role, It 18 questIOnable whether Rafrrom's role as a natIOnal
Oll tradmg company offers more advantages than dIsadvantages Among major mtemauonal otl
compames, the overwhelmmg trend has been to lmk mWVldual refinery operanons more closely
WIth tradmg actIvrt::J.es In these compames, centrahzed supply departments and regIOnal refmmg
structures are bemg replaced by profIt center structures WIthIn and around mdIvldual refmenes
TIns trend IS supported by technology that makes real-tIme market mformatlOn readIly avaliable to
remote locatIons Usmg real-nme market mformatIon together WIth advanced computer-based
planmng technology, these refmenes can optmuze theIr operatIng plans several tImes a day m
response to market mcennves Accordmgly, refinenes are also lDStalhng plant control systems
and mstrumentatIon m order to better control and harmomze the ever-changmg econOIDlC
mcennves m the market

In practlce, there are many barners preventmg RomanIa's refinenes from lIDplem.entmg drrect
commeretal arrangements The most obVIous barners are the refinenes' lack of access to mtematlonal
credIt and hard currency Less obVIOUS barners mclude the refinery managements' lack ofaccess to
tnnely market mformatIon, lnmted skills m analyzmg markets, and lack ofexpenence mnegotlatmg and
executmg mternatlonal transactlons In addruon, the finanCIal gndlock m settlmg commerCIal
transactIons between government entIt1es has desensItIzed the refinenes to the tune value ofmoney
CommerCIal arrangements WIth outsIde traders who mIght WlSh to employ Romama's relatIvely strong
refinery assets for thlrd-party processmg are further Impeded by (1) the refinenes' mabihty to control
the quantIty and qualIty ofmbound or outbound crude product slupments outsIde the refinery gate, (2)
the problems facmg nongovernment chents mdeahng wIth the bureaucracy, and (3) a poorly motIvated
workforce Consequently, WIth only mmor exceptlons, VlrtUally no OllIS currently bemg received by
the refinenes through therr own drrect commerCIal arrangements
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The level of crude all processmg bemg done currently m Romama IS mflated because of the
uneconoIDlC level of toll processmg Barter processmg, a form of toll processmg, IS bemg used
mappropnate1y to generate suffiCIent export products to pay for 50 percent of the cost of
Imported crude all TIns type of barter processmg does moderately reduce the net overall need
for hard currency Imports, but It also leads to large econOmIC losses and should be discontlnued

33 13 Direct Commercial Arrangements

The controlled pnce structure for petroleum products, the hIStonc gap between leI costs and theIr
free-market eqUlvalent, and the separallon between the deCISIon-makers and the full econOffilC
consequences of therr deCISIons have fostered dIfferent types of toll processmg arrangements at
Romaman refinenes over the past several years As the market evolves, the econoIDlcs for
bnngmg crude 011 to Romania and expor1lng the products for profIt will become mcreasmgly
dependent upon MedIterranean pnces

As dIscussed above, the mtense compelltlon m allmtematlonal tradIng centers, mcludIng the
MedIterranean market, generally results m low or negallve refinery margms over 1lme OccaslOnal
spot processmg opportunItIes will eXlst from tIme to tlme (and may be proposed to Romaman
refinenes by mdependent tradmg compames), but there IS no eVIdence to md1cate that sustamed
toll processmg of 011 through any Romaman refinery (mcludmg PetroIDldla) will be eIther
strategIcally reqUlred or economIcally attractlve over tlme Processmg of uncracked resIdual 011
from the former SOVIet Dmon on the other hand may present penodlc med1um-term opportunItles
If the eXIStIng converSlOn capaCIty of Romama's refinenes IS not fully u1:lhzed m meetlng
Romaman domestlc demand

Table 3-3 presents an analySIS of the economIes ofpurchasmg 1000 tonnes of crude Oll, refimng
It mto refined products (consummg 11 3 tonnes through fuel use and loss), and sellmg the
products (the remammg 888 tonnes) m the MedIterranean market All yIelds, pnces, and costs
are based on actual 1995 data for the three best performmg refinenes As the table shows, crude
costs are $127 35 per tonne willIe the products sell for only $117 72 per tonne, yIeldmg a gross
margm loss of $9 63 per tonne before any operatIng costs are mc1uded Vanable operatmg costs
are $2 60 per tonne, bnngmg the net margm loss to $12 22 per tonne overall Although fixed
costs are Important, they are not mcluded m the tables below, If they were mcluded, the loss
would be sIgmficantly larger ThIs case clearly demonstrates that Romaman refmenes cannot
cover out-of-pocket expenses by processmg lffiported Oll and resellmg refmed products m the
MedIterranean market Coverage of the refmenes' fIXed cost and a thrrd party's profit margm (a
profit component for the processor IS a normal element for all toll processmg) can be prOVIded
only If another sector of Romama's economy IS sacnficed through prOVISIon of subSIdIes to keep
the unneeded refinenes operatlng
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EconOIllic results sumlar to the above are expenenced by all refinenes sellmg to the Medrterranean
market FIgure 3-4 shows typIcal MedIterranean refinmg margms for a converSlon refinery over the
past several years (source Bonner & Moore) It can be seen that gross margm (Le, mcremental profit

ReductIons ofeIther fixed or vanable costs will not reverse the above negatIVe margIns and make toll
processmg attractive The value ofproducts refined and sold ($117 72 per tonne) 18 Slgmficantly below
the cost ofcrude 011 ($127 35 per tonne), resultmg m a negative gross margm of $9 63 per tonne
before any costs are consIdered No matter how much vanable or fixed costs are reduced, they will
always be greater than zero and will further reduce the already negatIve gross margm.

Refinery Sector Assessment

Quanbty Revenue Amount
Item (tonnes) ($/tonne) ($)

Imported Crude OIl 1000 (12735) (12,735)

Fuel Use +Loss 113 - -
Products Refined and Sold

LPGlNaphtha 53 13004 693

Petrochemical Naphtha 79 13004 1019

Unleaded Gasolme 82 RON 33 13146 432

Unleaded Gasolme 90 RON 57 13963 792

Unleaded Gasolme 95 RON 202 15404 3,123

Kerosene 36 14387 520

DIesel 328 13838 4,529

Low-Sulfur Fuel all 42 8730 357

Htgh-Sulfur Fuel all 30 7289 222

Fuel Coke 22 3233 44

Needle Coke 00 21569 0

Other 05 7864 40

Total 887 - ---
Revenue IfAll Products Are Exported 11777 11,772

Gross Margm (Loss) (962) (962)

Vanable Costs (Excludmg Fuel Use + Loss) -.Q.QQl ~
Net Margm (Loss) (1222) (1,222)

3·13RomanIa Petroleum Downstream Restructunng Study
RatIonalIzation and Cntlcallnvestment Study - Fmal Report

Case Import 100 Tonnes of Crude and Export AllProducts
Average YIelds andPflces for 1995 Arpechlm, PetTomldla, and Rata

Table 3·3 Export Refining Economics

Section 3
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3 3 2 Access to Sheltered Tributary Markets

RomanIa has the potentIal to be a fundamentally attractIve marketplace for refmers, prOVIded that
total refmmg capacIty can be reduced to better match demand The absence of a large, low-cost
product Import Infrastructure and the potentIal for tappmg mto attractIve export markets to the
north and west should eventually result m a sheltered market WIth attractIve refmmg margms
However, the market IS sIgnIficantly overbwlt If surplus capacIty IS not ehmmated, current and
future competItIon between RomanIan refmenes WIll contInue to depress the sector's overall
econOmIC performance

before expenses) lS barely pOS11J.ve and net margm (I.e, mcremental profit after vanable costs) has been
coD.SlStently negatlve

RomanIan demand IS excessIvely ShIfted toward heavy products, as illustrated m FIgure 3-5
Because of an abnormally large demand for fuel all from the electrIc power sector, the overall
product demand mIX WIthIn RomanIa mcludes a hIgher proportIon of heaVIer products than m

Romaman refinenes can expect only hmIted competItIon from product Imports Major
competItors could mclude OMY (AustrIa), MOL (Hungary), INA (CroatIa), and
RUSSIanlUkraIman refmers and tradmg compames However, the lack of effiCIent transportat1on
Infrastructure WIll make the cost of any product Imports hIgh Romama may enJoy a modest
strategIc advantage for exportmg products to the north and west of Its borders, partIcularly If
Investments m low-cost transportat1on are made It seems more lIkely that RomanIa will face Its
most senous external competItIon m export markets such as SerbIa, SlovakIa, and Ukrame, rather
than WIthm the borders of RomanIa
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Romama's demand for fuel oil stands m stark contrast to the confIguratIons of Its five large
refinenes, each of WhICh has a core group of deep converSIOn umts desIgned to yIeld hght
products rather than fuel oil For over 20 years, the econonuc mcenbves m all major petroleum
markets have favored deep-conversIOn refmmg In other words, the deeper the converSIOn (1 e ,
the lower the yIeld of fuel oIl), the more economIcally attracbve the plant The confIguratIon of
the refinmg assets ill Romama IS conSIstent WIth the typICal refimng economIC illcentIves of the
past 20 years, but such refinenes are not properly confIgured to sabsfy Romaman fuel Oll demand
WIthout export/nnport product tradIng whIch, as shown earher, IS not econOffilC

Western Europe or the Umted States In Western Europe, fuel oIl accounts for only 15 percent of
total demand and the balance of 85 percent consISts of other, pnmanly hghter, products If
Romama's demand were to match the same 85/15 propomons, the country would have only 1 6
nulhon tpy of fuel oil demand as compared WIth Its 1995 fuel all demand of 5 5 mIlhon tonnes
The 3 9 mIllion tonnes dIfference (5 5 rrulhon tonnes - 1 6 nulhon tonnes) represents Romama's
abnormal fuel all demand Over 1lme, Romama's reqIDrement for hIgh-sulfur fuel all (HSFO) for
power generabon IS projected to dechne for enVlronmental reasons whIle the demand for low
sulfur fuel Oll (LSFO) IS projected to grow Although overall demand for fuel OllIS projected to
grow only 10 4 percent between 1995 and 2005, the absolute level of total fuel all demand will
st1ll be an unusually large component (34 percent) of total refmed products In 2005

Figure 3·5 Characterization of Romanian Product Demand

Romania Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment Study - Final Report

3·15

EqUIValent
Demand

109 x 10'lonnes

""
21 x 106 lonnes

6
34x 106 lonnes "ii

:>
lL

"0z
~

'"
3 8 x 10'lonnes

V

1 6 x 106 lannes

Refmery Sector Assessment

3.9 x 10' lannes

39 x 10' lannes

Abnormal
Fuel 011 Demand

- - - - '-------'

Romanian
Demand

148x106 lonnes

""21 x 10'lonnes
(140/)

34x 106 lonnes 6
a;

(230/) :>
lL

"0z
....
'"'"

38x 106 lonnes
(260/)

55 x 106 lonnes
(370/)

-

o
"ii
II
"oZ
'"U)

'"

150/

Typical
European
Demand

r-----, '"

Potential Refimng ReqUirements

Fuel OIls

DIstillates

Basollnes

Other Products

Section 3

10f7197 415 PMJlw/n \97 5474\5474c004 doc

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



1 Import crude, keep fuel 011 and export the rest

Table 3-4 Excess Costs of Manufacturmg Fuel 011

Case Import 100 Tonnes of Crude and Keep the
Fuel 011 Versus Import Only Fuel OIl

The sector's operatIng response to the Imbalance between converSIOn capaCIty and fuel Oll
demand has been to process the maxnnum amount of crude o:tl WhiCh, after export of hght
products, will supply all the domestIc market's current needs for dIesel, dIstIllates, fuel o:tl, etc
Large amounts of crude 011 are nnported and refmed only to export a large quantIty of the lIght
products Ylelded from that refmmg As IS shown below, the cost ofprocunng such products thts
way 18 far greater than the cost of purchasmg them on the open market

316
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Our analysIs clearly demonstrates that domestlc demand for petroleum products can be most
economlcally met by a combmatIon of (1) refinmg all domestIc crude o:tl and some tmported crude
o:tl and (2) d1rectly tmportmg heavy dlStJ.11ates and fuel o:tl rather than manufacturmg them The
gap between Romama's unusually high demand for fuel o:tl and the Romaman refinenes' plant
configuratIon makes tmportatIon of heavy products meVltable It slffiply IS not econoffilcal to
lffipOrt crude o:tl and export clean products m order to retam d1stJ.11ates and fuel o:tl for the
domestlc market Table 3-4 shows the econOmlCS of Importmg crude o:tl and processmg It to
retam the fuel Oll

SectIOn 3
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Based on the same data used ill the preVlous example, the cost of the crude OlliS $127 35 per
tonne for 100 tonnes, an aggregate of $12,735 To thiS IS added a vanable cost per tonne of

Quantity Revenue Amount
Item (lannes) ($/tonne) ($)

Manufacture Fuel Olll

Purchase Crude Oll 1000 (12735) (12,735)

Incur Vanable Costs - (260) (260)

Sell All Products Except Fuel 011 816 13724 11,194

Consume Oll Through Fuel and Loss 112 - -
Fuel Oll YIeld 72 - -- -
Cost of Retamed Fuel Oll (25028) (1,801)

Import Same Amount of Fuel Oll

Low Sulfur Fuel 011 42 (10670) (443)

lhgh Sulfur Fuel 011 2Q (9370) ~

Cost of Imported Fuel Oll 72 (10120) (728)

Excess Cost ofManufactunng Fuel Oil 14908 1,073
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333 ConfiguratIon of Facilities

Secuon 3 3 Imdlcates that toll processmg IS not feasIble, wmch means that demand for
processmg capacIty by Romaman refinenes will be determmed by the level of demand for
petroleum products Wlthm Romanta The analysIs above reveals that Romama's demand for clean
products (not total demand, wmch mc1udes fuel oli) IS the factor wmch will estabhsh the country's
demand for refmmg capacIty ThIs demand amounted to only 9 3 ml1hon tonnes m 1995, less than
one-thrrd of the 33 milllon tonnes of eXlstmg capacIty Even after robust growth m demand, our
analysIs shows that, If the most econoIDlcal approach IS followed, Just 14 nulhon tonnes of crude
processmg capaCIty will be needed through 2005 Three large refinenes and three small ones can
readliy meet tills refmmg demand

$2 60 per tonne, yleldmg another $260 ill cost From the 100 0 tonnes of crude ali, 81 6 tonnes
are sold at an average pnce of $137 24 per tonne, YIeldmg $11,194 of revenue About 11 2
tonnes are lost through refmery fuel use and loss, leavmg 7 2 tonnes of fuel oli at a net cost of
$1,801 ($12,735 + $260 - $11,194) That same 72 tonnes could be purchased on the open
market for $728 Thus, refimng 72 tonnes of fuel 011 costs $1,801 whereas buymg 72 tonnes
costs only $728, a dIfference of $1,073, or $149 08 per tonne Romama cannot afford to pay
$149 08 per tonne extra to make fuel 011 illstead of purchasmg It TIns $149 08 per tonne
represents a drrect loss to Romanla, but It IS not the only loss There are other costs of runnmg
the refmenes, and there are negatIve envrronmenta1lffipacts m processmg 100 tonnes to keep 7 2
tonnes Clearly thIs pracuce should be dlscont1nued

333 1 Core Assets at the FIVe Large Refmefles

The five largest refmenes have very s1ffil1ar core assets, centered on refofIDlDg, catalync crackmg,
and cokmg unIts (except Arpech1m, wmch uses Vlsbreakmg rnstead of cokmg) Although the
confIguratIon of core assets 18 s1ffi11ar for each of the five large refinenes, the performance of
mmVldual umts vanes slgnttlcantly between refinenes ThIs dIfference can be seen by companng
operatmg statIstIcs for the flUId catalync crackmg umts (FCCDs) FCCDs convert low-value fuel
Oll mto mgh-value gasolme and generally are the most attractIve urnts Wlthm a refinery from an
econOID1C standpomt The performance of FCCUs can be assessed by companng (1) the Yield of
catalytIc gasolme produced (effectIveness), (2) the SIze of the urnt (scale), and (3) the octane of
the resultIng gasohne (quallty) As can be seen ill FIgure 3-6, PetroIDldla has the hIghest gasolme
Yield and the second mghest octane ArpechlID has the hIghest octane and the second hIghest
Yield and IS also the largest umt The good performance of these UDlts IS one reason that
Arpechlm and Petromlma performed well durmg the PIMS computer modehng Petrotel's FCeD
IS clearly the poorest performer (small, low quallty, and low yIeld) ThIs IS one reason that
Petrotel performed so poorly ill the PIMS analySIS
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Figure 3-6 FCC Performance
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Gasoline Research Octane Number (RON)

Note Numbers In parentheses stand for plant capacity In tonnes per day
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The five smaller refinenes suffer from a vanety of competIllve dISadvantages All lack balanced
converSlOn faClhlles such as flUId catalytlc crackmg or hydrocrackmg complexes All are small
scale refinenes Generally, they utIhze older technology than the non-core assets at the larger
refmenes Three of these refmenes, however, do have strategic sIgmficance DarmanestI and
Astra possess facilitIes for producmg anode-grade coke and naphthemc lubncatmg oIls,

3332 Non-Core Assets at the FIve Large Refmertes

Surroundmg the competIllve cores at each of the five large refmenes are layers of lower quahty
refmmg capaCIty, consIstmg of surplus crude dIstl11atIon unIts, unused colang capaCIty, and retIred
umts These facilitIes lack the econOmIC strength of the core assets and should be the fIrst
facilitIes shut down dunng ratIonalIzatIon The non-core assets are poor econOmIC performers,
even though they are phySICally adjacent to the stronger core assets The results of the PIMS
computer model Identlfied the facilitIes that are non-core They represent the Idle UnIts at
operatmg refmenes for the cases where surplus refmenes are assumed to have been
decoDlIDlsslOned
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We belIeve that RomanIa's current mdustry structure and the operatlng pracnces at each refmery
are not consIstent WIth the obJecnve ofmaxnmzmg economIc performance

respect1vely Petrolsub IS separate from other refmenes as It 18 hnked to crude Oll from a fITe
floodmg Oll field Its Vlability depends solely on the combmed refinery/oll field performance as a
smgle ennty

Accordmgly, the PIMS analysIs assumes contmued operanons at these three plants Vega and
Steaua Romana have no Idennfied strateglc advantages and have been Identlfied as surplus and are
recommended for closure The PIMS analySIS was conducted assummg these two refinenes were
decomlDlsslOned
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We belIeve that operatlng parameters are routlnely set at overly conservanve levels, and are not
closely momtored for deVlanons ThIS operatmg pracnce deVlates SIgnIficantly from standard
pracnces m market econOmIes, where slgmficant effort IS expended to (l) determIne what the
economIcally optlmal parameters are, (2) commurucate thIS mformanon to urnt operators, and

The management and operators at each refmery seem to have a good understandmg of the
technology used by each unIt under therr control, and to be aware of the techmcal consequences
of changmg operatlng parameters and of safety hnnts Operators, however, appear to have only a
rudImentary understandIng of the overall targets the refmery IS trymg to acmeve, and appear to
have lIttle awareness of (or mterest m) preval1mg econOmIC mcennves Furthermore, there does
not appear to be any routlne exchange of econOmIC mformanon between management and plant
operators, nor IS there rounne analySIS of the econOmIC results of current operanons

334 1 Refmery Operatmg Practices

A detailed reVlew of daily operatlng and mamtenance pracnces was beyond the scope of tlus
project However, dunng the course of plant mtefV1ews, suffiCIent mformanon was gathered to
proVlde a lngh-Ievel overvIew of current pracnces and therr consequences

3 3 4 OperatIons and Cost Control

WorldWlde refinery margms are generally qUIte small For example, typICal U S refmery gross
margms dunng 1994/1995 were roughly 21 percent of the value of feedstock Net margms,
however, were never less than 6 percent of the value of feedstock WIth so lIttle econOmIC room
m WhICh to maneuver, successful refmenes take great pams to maxmnze the econOlDlC benefIt
from every tonne Daily operatlng pracnces stnve toward

• Ma.xumzmg YIeld of mgh-value products

• MilllIDlzmg fuel usage and ol1loss

• MmlIDlzlDg vanable operatmg costs

• Reducmg fixed costs (focused on mvestment and labor)
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(3) closely momtor and mamtam actual operatlons at desrred levels There was no eVIdence of
any meamngful Refinery Informatlon System (RIS) to gather, organIZe, and commumcate VItal
operatlonal and econOmIC data Such a system IS essentlal to enable these refmenes to operate
econoIDlcally Unfortunately, the lack of such a system obscures the very lnfmmatlOn necessary
to demonstrate the need for such a system

A great deal of OPPOrtunIty eXists for Improvmg operatlng practlces, but the current mdustry
structure prevents the mdustry from ImplementIng the necessary changes IndIVIdual refinenes are
not reqmred to meet econOIDlC targets, rather, they are judged on the basIS of physical-dehvery
targets They do not have drrect access to markets, commerCIal mfmmatIon, and (perhaps most
lIDPOrtantly) to mtematIonal credIt and currency Even If they had such access, they do not have
the autonomy and authonty and, therefore, the responsIbility to determme and undertake the
economlcally best course of actIOn

335 Industry Structure and Policy

The fundamental deCISIOns that any refmmg mdustry must make are

• WInch feedstocks to select and how to procure them

• How to operate the umts at each ref'mery m the most econOmIC manner

• WhICh products to produce m order to create the hIghest value

• How to blend products m better ways to ID1DlJDlZe qualIty gIveaway and create more
value

The refinery managers had a better understandmg of each refmery's overall targets and seemed to
have a rud1m.entary understandmg of conventlonal Oll processmg econOmICS They dId appear to
be pamally applymg thIs knowledge, for example, they appeared to be domg an acceptable job of
configurmg umts mterconnectlons glVen the very low utl1tzatlon rates resultlng from low levels of
feedstock supply They also seemed to be domg an acceptable job m applymg hIDlted capItal to
upgrade the balanced capability oftherr core assets (consldenng the unavOldably low levels of
processmg) However, they appeared overly focused on addmg new processmg technology, and
far less mterested m ImproVIng operatlng, mformatlon, and management practlces to more
effectlvely denve value from the assets already under theIr command They were also overly
concerned WIth keepmg plants and departments workmg (even at low levels) to jUstlfy the large
number of staff assIgned to these umts/departments In addrllon, they were very concerned WIth
meetlng the phYSICal dehvery requrrements of the crude supply terms lIDposed by Rafirom Wh11e
many expressed awareness that therr aCtlons were probably not m the overall best mterest of the
country, they dId not possess the necessary mformatlon to confirm such a hypotheslS
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• WhIch markets and customers to serve

• What mvestments to make m operatIng assets
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Figure 3-7 Current Industry Orgamzatlon

1-------,
I

I Third-Party I
I Processmg I
IL. I

The current structure of the refinmg sector creates slgmficant and exceSSIve mterdependence
between the compames m the sector At the same tune, the mdIvidual companIes eDJoy httle
control or mdependence

The problem IS not Just between en1ltIes m the sector, but also Withm each entIty For example,
the orgamzatIonal structure of each refInery represents a clasSIC command-and-control pyramtd of
functIonal departments At the base of the pyramId, there are management orgamza1lons
dedIcated to each IndIVIdual refinery umt (e g , a dIstl11ate hydrotreater) and each func1lonal
speCIalIzatIOn (e g , rota1lng eqmpment mamtenance) Each of these orgamzatIonal umts, III tum,
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Ideally, any sector should be organIzed to allow each enterpnse to evaluate all aspects of these
Issues, to make deCISIOns, to tmplement ac1lon consIStent WIth these declslOns, and to dIsclose
suffiCIent mforma1lon to allow these deCISIOns to be farrly Judged In contrast to thIS Ideal, the
RomanIan refinmg sector IS organIzed such that many en1l1les have partlal responsIbility, no entIty
has full mformatlOn to evaluate the fundamental deCISIOns, no entIty has authonty to tmplement
ac1lon on deCISIons, and the sector obscures rather than dIscloses InformatIon on Its performance
The current Industry structure IS shown m FIgure 3-7 Rafirom makes feedstock supply and
planmng deCISIons, each refinery makes configuratIon deCISIons, and other entItIes make decISIOns
regardmg petrochemICals and lubncants DecISIons are dIVIded across many enll1les The absence
of competItIve and market pnces means that there IS no mechamsm for shanng econOmIC
mformauon
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3 4 ANALYSIS AND RECOMMENDATIONS

has Its own separate complement of staff to cover VIrtually all potentIal actIvItIes assocIated With
the urnt, mc1udmg basIC support such as c1eanmg

Once such a rauonahzallon plan IS Implemented and true econOmIC operatmg profIts nse from a
loss of $305 millIon per year to a profit of $142 ml1lIon per year, the SIX remammg manufaetunng
complexes will have a posiuve NPV of $1 2 bllhon over 20 years, fully $3 9 billlon more value
than the sector has under current pohcles and practIces

Many lffipOrtant changes to assets, operatIng pracoces, orgamzauon structure, mformauon
systems, staffmg levels, and deCISIOn processes are necessary to make Romama's refinmg sector
mternauonally competltIve However, these changes will produce lIttle benefit unless the
fundamental problems of overcapaCIty are addressed The results of our analySIS of capaCIty
rauonalIzatIon are shown m Table 3-5

3-22

Refinery Sector Assessment

Romama Petroleum Downstream Restructunng Study
Ratlonahzallon and Cntlcallnvestment Study - Final Report

Section 3

10fll97 415 PM/lw/n ViJ7 5474\5474c004 doc

On top of these basIC umts are mu1llple layers of consohdatmg management which have
management responsIbility for the layers beneath them Drrect commurncatIon between parallel
orgamzatIonal uruts appears to be hmtted Instead, commUnIcatIOn channels push declSlons up
through the functIOnal hierarchy of one department, across to the top of the next department, and
down through the second department to the pomt at wmch actIon 15 taken ThIs type of mdrrect
commurncauon and deClslon-makmg leads to delays, losses of clanty, and staff redundancy, and
substantIally mcreases the probability that errors wl1l occur In addItIon to the pyramtd hIerarchy,
there are Side branches of staff departments, each havmg suffiCIent staff to perform analyses
mdependently of the operaung structure ThIs structure gIves nse to bureaucrauc organIzatIons
With layers of duphcatron, needless hIerarchy, and excessive staffing levels

Romama has a mghly developed, yet operauonally meffecove, refinmg sector that perpetuates
some of the vestIges of central plannmg The ongmal basIS for the deCISIOns and the econOmICS
that led to the current deSIgn has radtcally changed as a result of changes m condItIons m
RomanIa, m the former SOVIet Umon, and throughout the world Regardless of the reasons, the
Romaman refmery sector IS burdened by substanual unusable refimng capaCIty that negauvely
Impacts all aspects of the sector DeSign and ImplementatIon of a plan to ratIonallze this surplus
refinery capaCIty are prereqUIsItes for restonng Romama's refinmg sector to a state of econOmIC
self-suffiClency

Table 3-5 shows the gams m profitability of thIs downstream sector, and m addItIon shows that
usmg market-based pnces the upstream sector would receIve $269 milllon more per year to use m
explonng, developmg and producmg crude oIl to reduce the natIon's dependency on Imports The
econOmIC value of reduced Imports has an NPV of another $4 8 bIlhon over the next 20 years
Table 3-2 also shows that eIther (1) consumers could enJoy lower pnces of up to $230 millIon
(net) per year or (2) alternauvely, the government could lffipose eXCIse taxes to fund other VItal
natIonal mterests, such as restorauon and expansIOn of the natIon's lughways, roads, and mass
tranSIt systems
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341 Five Large Refineries Operating

IfRomama contmues to operate all five large refinenes, great gams can be realIzed through
refmery optlIlllzatIon and capItal mvestment. We have exammed the sector's basIC operatmg
practIces and facilitIes constramts, and have modeled the effects of Improvmg them

Our calculatIons show that remOVIng the 1TI1pact of all regulatIons and government controls,
lIlVestmg $264 ml1hon, and optmuzmg the processmg of crude oIls whIle keepmg all five large
refinenes operatIonal would lIlcrease the NPV of future cash flows Instead of an annual loss of
$305 mIlhon Wlth a negatIve $2,572 mIlhon NPV (which mcludes a contnbutIon from
petrochemIcal operatIons), there would be a pOSItIve $203 millIon, as shown ill Table 3-6
excludmg petrochemIcals (which have a pOSItIve NPV of $675 mIlhon) For the refinmg sector,
thIs represents a huge Improvement, Wlth an mcremental NPV of $2,775 millIon ThIs dIfference
reflects the Impact of fully abandomng Romama's complex structure of government controls and
operatIng each of the eXistIng refinenes m alIgnment With economIc mcentIves It assumes that all
processmg under the barter arrangements are ehmmated and that staffmg levels are reduced, as
descnbed m the labor analySIS It also assumes that mstead of usmg mghly conservatIve operatIng
parameters whIch are seldom adjusted, dynamIC setpomts are used whIch change often accordmg
to econOmIC mcentIves, thereby resultIng ill 1TI1proved yIelds and reduced fuel use and loss
Hundreds of changes to operatmg practIces would be reqUIred to transform Romama's
manufactunng sector mto a collectIon of commercIally focused enterpnses WIth a set of behaVIOrs
that are motIvated purely by econOmIC mcentIves Though the effort would be dIfficult, the
rewards of the transformatIon clearly JUstIfy Its undertakmg

RefInery Sector Assessment
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Table 3·5 Potential Annual Profits After Capacity Reductions
with Rationalization and Improvements In Operating Practices Usmg Market Prices

Item $Million

Actual EconoDllc Loss of 10 Manufacturmg Complexes (305)

Esttmated Improvements

ElImmate unnecessary labor 76

ElImmate excess crude runs that produce losses 160

Save mamtenance, utlhttes, msurance, etc, for four unneeded 85
plants

Elmunate excess fuel use and product losses m manufacturmg 130

Total Identified Improvements 451

Other -.Hl
Total. of All Improvements 447

Typical OperatIng Profit With Only SIX ManufacturIng Complexes 142

Section 3

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



We conclude that opera1J.ng the five refmenes more effeC1J.vely offers huge gaInS, but that the five
refinery optIon falls short and would not pemut the RomanIan refmmg sector to operate at
sustaInable levels

Expenence mother countnes has shown that the most effiCIent method for transformmg state
owned compames rnto econOmIC enterpnses IS through some form of pnvatlZatIOn However,
RomanIa's downstream sector cannot undergo any type of pnvatlZatIon at present, the
fundamental problems of masSIve overcapaCIty, rntrusIve government control, and excesSIve
employment would prevent the RomanIan refmmg sector from operatIng at sustamable levels and
hence must be addressed before pnva1J.zatlOn IS undertaken

342 Four Large Refineries Operating

DecomnusslOnmg one large refmery would drama1J.cally mcrease plant ullhzanon rates, reduce
redundant overhead costs, and mcrease the sector's NPV by $211 millIon, to $414 millIon,
exc1udmg petrochemIcals ($675 millIon NPV) Table 3-7 shows the basIS for thIs mcrease

Item 1995 2000 2005

103 tpy
DomeslIc Crude 5,500 5,500 5,500

Imported Crude 4,007 6,585 13,471

Other 149 -ill 212

Total Supply 9,656 12,269 19,183

Product Exports (1,009) (1,578) (3,892)

Product Imports ~ 6,777 4796

Net Imports 5,492 5,199 904

106 $/yr

DomeslIc Sales (ProdUClIon) 1,355 1,810 2,560

DomeslIc Sales (Import) 484 554 391

Export Sales 157 265 694

Less Transport (33) (46) (85)

Petrochenucal Profits -.ml --CZ2l ~
Total Revenues 1,891 2,504 3,474

Crude Purchases 1,241 1,616 2,594

Product Imports 484 554 391

Other Costs 283 310 350

Total Expenses 2.008 2,480 3,335

Net Cash Flow (117) 24 139

"10
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Table 3-6 Five-Refinery Case (Optimized)
Annual Cash Flows for an NPV of $203 Million
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Our analysIS mdlcates that Petrobr3Z1Is the poorest economIC performer among the five large
refmenes Table 3-8 hsts the mcenuves (expressed m mllhons of dollars of NPV) for
deCOmmlSSlOnmg PetrobrazI m the four-Iarge-refmenes scenano re1auve to decoIIlIIllSslOnmg
eIther Petrotel or Arpeclnm The Appendlx shows the econOmIC calculauons used to obtam the
detatled PIMSlEconomIc Model results

DecoIDIDlsslOnmg PetrobrazI would lower the Investment needed to $215 mIllion at the other
refinenes and would sIgmficantly lIDprove the ut1hzauon rates of the remammg four refinenes'
core refimng umts (1 e , those umts wmch dnve econOmIC performance)

Item 1995 2000 2005

103 tpy

Domesuc Crude 5,500 5,500 5,500

Imported Crude 4007 6,927 11,713

Other 149 179 238

Total Supply 9,656 12,606 17,451

Product Exports (603) (1,247) (2,276)

Product Imports 6.516 7,133 4,721

Net Imports 5,913 5,886 2,445

106 $lyr

Domestlc Sales (ProducUon) 1,345 1,890 2,433

DomesUc Sales (Import) 493 630 395

Export Sales 167 219 498

Less Transport (33) (47) (75)

Petrochenucal Profits -Sm. ...J122 ~
Total Revenues 1,900 2,613 3,165

Crude Purchases 1,241 1,650 2,303

Product Imports 493 630 395

Other Costs 283 257 319

Total Expenses 2,017 2537 3,017

Net Cash Flow (117) 76 148
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Table 3-7 Four-Refinery Case (Optimized)
Annual Cash Flows for an NPVof $414 Million
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Table 3-9 Utilization Rates

The closure of Petrobrazl would s1J.lI not allow the Romaman refmmg sector to operate at
normally sustamable levels Even after Improvement, the utIbzatIon rates would reach only the
lower end of the range conSIdered normal for sustamable operatIons These utIhzanon rates are
shown m Table 3-9

In thIs case, because two refinenes are closed, the level of cntIcal mvestments would drop to
$170 milllon Our analysIs demonstrates that Petrotel and Petrobrazi are the two worst econOmIC
performers among the five large refmenes The PIMSlEconoffilc Model results show the
companson of the PetrotellPetrobrazt analySIS versus other combmatIons

343 The Optimal Solution - Three Large Refmerles

DeCOmmlSSlOnmg a second large refinery would further lIDprove the performance of the sector,
raISmg plant utJ.1lzatIon rates, reducmg redundant overhead costs, and mcreasmg the sector's NPV
by another $98 nnlhon, to $512 nnlhon, excludmg petrochemIcals Table 3-10 presents the three
large-refinenes case

3-26RomanIa Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment Study- Fmal Report
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Table 3-8 Incentive to Decommission Petrobrazl Versus Other Refmenes
($ Million NPV)

Five Large Four Large
Refinenes Refinenes Change

Item 2000 2005 2000 2005 2000 2005

A1mosphenc Dlsttllatlon 42% 62% 60% 84% +18% +22%

CatalyUc Refomung 45% 62% 75% 83% +30% +21%

CatalyUc Crackmg 60% 83% 71% 96% +11% +13%

Cokmg 56% 70% 67% 76% +11% +6%

1018/9710 15AM/lw/n \97-5474\5474c004 doc

Section 3

Alternate Cases

Optimized Petrobrazl In Petrobrazl In Nonoptlmlzed Four-
Four-Refinery Case Petrotel Out Arpechlm Out Refinery Case

$414 $(26) - $388

$414 - $(40) $374
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DecomrrussIOnmg Petrotel and Petrobrazt would mcrease the utthzallon rates of the sector's core
refimng umts to econOIDlC levels of performance that are considered acceptable for sustamed
operatIOns Table 3-11 compares the utlhzallon rates of the three-refmery and four-refmery cases

Four Large Three Large
Refinenes Refinenes Change

Item 2000 2005 2000 2005 2000 2005

Atmosphenc DIstillatIOn 60% 84% 78% 86% +18% +2%

CatalyUc Reformmg 75% 83% 85% 88% +10% +5%

CatalytIc Crackmg 71% 96% 82% 100% +11% +4%

Cokmg 67% 76% 74% 70% +7% (6)%

Item 1995 2000 2005

103 tpy

DomestIc Crude 5,500 5,500 5,500

Imported Crude 4,007 6,549 7,820

Other 149 -ill 229

Total 9,656 12,236 13,549

ProductExports (543) (1,111) (820)

Product Imports 6,928 6,316 6,822

Net Imports 6,385 5,205 6,002

106 $/yr
DomestIc Sales (ProductIon) 1,345 1,865 2,030

DomestIc Sales (Import) 566 502 709

Export Sales 167 183 316

Less Transport (33) (45) (60)

PetrochemIcal Profits -SJ.1J. -.-em ~

Total Revenues 1,973 2,426 2,909

Crude Purchases 1,241 1,614 1,834

Product Imports 566 502 709

Other Costs 283 201 221

Total Expenses 2,090 2,317 2,764

Net Cash Flow (117) 109 145
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Table 3·10 Three-Refinery Case (Optimized)
Annual Cash Flows for an NPV of $512 Million

Table 3·11 Comparison of Utilization Rates
Three Large Refineries vs Four Large Refineries
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344 ClOSing of Two Small Refineries

All five of the small RomanIan refinenes are economIcally mfenor to the larger refmenes and add
to the uneconOITllC surplus m refinmg capacIty We recommend that two of these refmenes
(Steaua Romana and Vega) be decomnllsslOned and that a thrrd (DarmanestI) be mtegrated mto
Rafo, an adjacent large refinery, to reduce cost The remammg two refmenes, wmch serve mche
markets that are remote from the other large refinenes and can econoIDlcally serve markets ill

therr ImmedIate VICIDlty, should remam open

346 Reduction In Refmery Staffmg Levels

Reducmg the staffing levels to standard levels at the remaIlling operatIng refinenes would result m
addIt10nal effiCIency gaInS and mcrease the NPV of the sector's annual cash flows A total NPV
of $62 mllhon IS mcluded m the figures above With regard to these staff reductIons The staffmg
levels at all of RomanIa's plants are over twIce as hIgh as eqmvalent plants m other parts of the
world These staffing levels result ill waste, wmch depresses the sector's econODllC stability If
the workforce at the SIX refmenes that remam operanonal are brought mto alIgnment With
customary levels, the sector's workforce would be reduced by 24,800 people to 12,900 ThIs

AddItional benefIts could be realIzed through preservation of the storage capabilities of the
refinenes that WIll be closed Crude feed to, and products from, the remammg operatIng refinenes
could be illstnbuted to depots at these SItes m quantities sIgmficant enough to buffer VarIability m
demand and smooth transport reqUIrements ThIs should result m reduced growth pressure on the
transport system, alternate routIng capabilities m cases of transportallon system dIsrupllons, and
strategIC reserve capability for SItuations such as unusual demand levels, temporary shutdowns at
the operatIng refinenes, supply delays, or supply/demand market pnce arbItration AddItionally,
the availability of mulllple product storage tanks would be useful to handle the growmg number of
blend stocks typICal of a multIsuppher competIllve enVIronment that the local bulk terrnmals are
not currently prepared to store Employment for SO to 100 people per termmal SIte can also
reduce the overalllmpact of employment reductIons and layoffs

345 Tankage and Storage Alternatives at Closed Refineries

The refmery ratIonahzatIon strategy recommends decoffiIDlsslOnmg two large and two small
refinenes The closure of refmenes now served by Conpet and PetroTrans would reduce the
need for modermzatIon of some portIons of these transportation systems, and create the need for
flow reversals and new mterconnect pomts These closures would also ehmmate local access to
products at these refmenes for trucks, railcars, dlstnbutIon pIpelmes, local pIpelmes to mdustnal
users, and bulk product carners To aVOld or mlD1IDlZe sIgmficant dIsruption to the eXISting
illstnbutIon systems and reduce the overalllIDpact on the consumer, the crude and supply storage
tankage, shIppmg, and loadmg facilities at these SItes should remam m operatlOn for the
foreseeable future ThIS would reduce or aVOId the need for sIgmficant mvestment m the
alteration of the transportation system to accommodate these closures
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resIdual staffing level mcludes 2,500 workers assIgned to contract-mamtenance firms m an
outsourcmg arrangement

CommerCIal arrangements With mtematIOnal traders are further Impeded by (1) the refinenes'
mabIhty to control the quantity and qualIty of mcommg crude Oll supphes or refmed product
shipments to and from the refinenes, (2) the problems facmg nongovernment chents m dealmg
With the bureaucracy, and (3) a poorly mo1J.vated workforce Consequently, WIth only mInor
exceptions, VIrtually no OllIS currently bemg receIved through direct commerCIal arrangements
Also, as preVIOusly dIscussed, the refmenes are engagmg ill uneconOmIC bartenng through
arrangements orgamzed by Rafrrom, a prac1J.ce we beheve destroys value and should be stopped

347 Reduction In Raflrom's Role

Rafrrom's monopoly over crude Oll supply and Its allocatIOn of that supply serve as an Important
bamer to aclnevmg econOmIC performance m refmmg and, therefore, should be ehmmated There
are many bamers preventIng refinenes from Implementmg dIrect commerCIal arrangements m
mtematIOnal markets to optImIze therr own operatIons The most obVIOUS bamers are the
refinenes' lack of access to bank letters of credIt and hard currency Less obViOUS bamers mclude
the refinery managements' lack of access to 1lmely market mforma1J.on, lmnted skills m analyzmg
markets, and lack of expenence m nego1J.a1J.ng and execu1J.ng mtema1J.onal transac1J.ons In
add1tion, the finanCial gndlock m settlmg commerCIal transac1J.ons between government entitles
has desensrtlZed the refmenes to the 1lme value of money, further aggravatmg the lack of finanCial
accountabIlIty
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34B Refining Critical Investments

The followmg cntical mvesunents are reqUIred assummg that the recommendation to close two
large refinenes IS Implemented

• $11 1 millIon to enhance feedstock processmg capabilitles at Arpeclnm. Petroffild1a,
and Petrotel

• $27 1 millIon for addItIOnal hydrotrea1J.ng capaCIty at ArpechIm

• $24 3 millIon for addI1J.onal hydrotreatmg capaCIty at Rafo

• $0 8 millIon for add11J.onal hydrotreatmg capaCIty at Petroffild1a

• $11 3 millIon to expand Petromld1a's FCC

• $63 4 millIon for enVIronmental projects at refinery SItes

• $10 5 millIon to decoffiffilSsIOn two large and two small refinenes

The above lllvestments total $162 9 millIon
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Clearly, there are exceptIonal benefits to the petroleum sector and to customers m ImplementIng
the recommendatIons reflected m thIS report

Table 3·12 Foreign Currency Costs
($ Million, USing Market PrIces)

The recommended ratlOnahzatIon offers Important opportumtIes to dramatIcally reduce
Romama's foreIgn currency costs of lIDpOrtlng crude Oll and refined products Over tIme, the
reductIons could reduce these costs by more than half, savmg on an NPV basIS more than $2 4
bllhon over 20 years A representatIon of the most Important lITlpacts IS presented m the
manufacturmg section and IS summanzed m Table 3-12

AnnualCostt

Item 1995 2000 2005 NPV

Costs Under ExIstmg Operatmg PraC1lces2 985 1,273 1,635 10,825

Improvement Under the Proposed Ra1lonahzatIon3 16 378 595 2,439

Costs Under Our Ra1lonaltza1lon Recommendatlons3 969 895 1,040 8,386

1~t
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3492 AnalySIS ofForeIgn Currency Impacts

Romama's demand for domestIc petroleum products must be met by (1) manufacturmg
products from domestIC crude 011, (2) net Imports of finIshed petroleum products, and (3)
manufacturmg products from Imported crude Oll In 1995, domestIC demand was 148
mI11Ion tonnes, as shown m Table 3-13 DomestIc productIon of crude Oll was 6 5 mllhon
tonnes and, after allowmg for 11 percent consumptlOn dunng the refinmg process, It

1 All amounts exclude capItal mvestments m the manufactunng complexes and any costs other than
hydrocarbons used m the sector Oll pnces are based on 1995 levels, nsmg $1 50 per annum thereafter Net
exports ofpetrocheIDlcals are also excluded but would be the same under both scenarIOS

2 Represents 10 refmenes operatmg and ImtJ.a1 processmg of 18 mllhon tonnes of crude oll, nsmg WIth demand
3 Pnmartly represents new domes1lc 011 supphes dIscovered usmg the $269 ml1hon per annum subSIdy by

Petrom to the refinmg sector whIch can be ellmmated m the ratlonahza1lon and sIX-refinery manufaeturmg
sector Excludes four closed refinenes and assumes no barter processmg IS performed
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349 Foreign Currency Costs

In efforts to mmmuze the foreIgn currency dram of the downstream petroleum sector, Romama IS

employmg crude Oll procurement methods whIch are causmg econOITllC losses Other government
polIcIes are creatIng a massIve mcrease m net foreIgn currency outlays In partIcular, the pnce
subSIdy from the producer, Petrom, to the refiners IS preventIng development of 011 productIon
that would have the greatest lIDpact on reducmg the hard currency cost of Imports Below we
summarIZe the adverse consequences of both of these polICIes and the benefits of changmg them

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Table 3·13 Projected Demand and Imports

contnbuted 5 8 nn1hon tonnes of refined products to meet demand We estImate that net
Imports of refmed products were 3 2 lIll1hon tonnes, leavmg 5 8 IDJ.1b.on tonnes of domestIC
product demand (148 millJ.on tonnes mmus 5 8 nnlhon tonnes mmus 32 IDJ.1b.on tonnes) to be
supphed from refinIng of tmported crude Oll

1 Represents 6 5 mIllIon tpy of domestic crude on productIon less 11% fuel and loss, yleldmg 5 8 mIlhon tonnes
of production

2 Based on $269 mIlhon additIonal produetlon expenditure per year, $37 SO/tonne fmdmg and development
costs, 12% of proven reserved mlt1al production, and 12% productIon declme per year

3 Calculated assunung 50% of the cost of lIDported crude OUIS paId for by the dehvery of gasolme
4 Represents 50% of the crude oIllIDport cost diVIded by the pnce ofgasolme

To supply thls remammg 5 8 nnlhon tonnes from nnported crude all under Romama's current
operatmg practlces (barter processmg) reqmres nnportmg and processmg 11 3 mtlhon tonnes of
crude all The cost of half tlns amount (5 65 tmlhon tonnes) IS defrayed by usmg foreIgn
currency The other hili (565 tmlhon tonnes) 15 pald for by exportlng 4 3 mtlhon tonnes of
gasohne Because gasohne IS more expenSIve than crude all, only 0 75 tonne of gasohne IS
needed to pay for 1 0 tonnes of crude Oll, and 4 3 rrnlhon tonnes of gasohne are suffiCIent to fully
pay for 5 65 mtlhon tonnes of crude 011 When refined, the 11 3 mtlhon tonnes of crude all
produces a total of 10 1 tmlhon tonnes of products (1 2 nulhon tonnes IS consumed m the refmmg
process) Gtven the barter reqUlrement for 4 3 ml1hon tonnes of gasohne, only 57 percent of these
refmed products are available for domesnc demand, WhICh exactly equals the requrrement of 5 8
mllhon tonnes
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Tonnage Tonnage
Under Current Operating Under Recommended

Practices (106 tpy) Rationalization (106 tpy)

Item 1995 2000 2005 1995 2000 2005

Total DomestIc Demand for Refined Products 148 172 197 148 172 197

Amount Supphed from DomestIc Crude Oul -58 -5 8 -58 -5 8 -58 -58

Amount Supphed by New Romaman Crude OIl2 - - - -09 -3 8 -54-- -- --
Amount That Must Be Supphed from Imports 90 114 139 81 76 85

Amount of Imported Products -32 -37 -43 -32 -3 7 -43

Amount That Must Be Supphed from Imported Crude 58 77 97 49 39 43
OIl

Amount of Imported Crude OIl3 113 150 190 55 44 48

Less Amount Consumed m Refinmg (11% Fuel & Loss) -12 -17 -21 -06 -05 -05

Products Exported as Parbal Barter Payment for Crude 0114 -43 -57 -72 00 00 00

Remammg Products Supphed to DomestIc Market 58 77 97 49 39 43
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Table 3-14 Projected Annual Foreign Currency ReqUirements

1 Represents 50% of crude 01llIDpOrts under current operatmg practices and 100% under recommended
praCtices

2 Represents annual costs over 20 years discounted at 10% per year

Second, ImplementIng the recommended ra1J.onahza1J.on program Improves the finanCIal
performance of the sector from a $305 mtlhon loss to a $142 mtlhon average profit, as shown
preVIOusly ThIS mcludes the adop1J.on of market pncmg, WhICh would free Petrom and Romaruan
consumers from havmg to subSIdIZe the refimng sector In Petrom's case, thIS will mean Ingher
cash flows of $269 mIllion per year, wInch can be used to SIgnIficantly reduce foreIgn currency

Under our recommended ratlOnahzatIon approach, however, the overall reqUIrement for foreIgn
currency would be reduced m all penods by an enormous sum illJust a few years Two factors
dnve tIns change FITst, ehmmatIng the need to make product for barter tradmg sIgmficantly
reduces the amount of crude 011 purchased Unfortunately, all of the remammg tonnes of
Imported oil must then be paId for usmg foreIgn currency The result of thIS factor by Itself IS a
slIght mcrease m the reqUIrement for hard currency ill each penod ThIs negatIve effect IS offset
first by better econOmICS on the sector through savmgs oflel-based costs and second by the other
ratIonalIzatIon benefits dIScussed below
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Projected foreIgn currency reqUIrements are shown ill Table 3-14 Roughly $985 nnlhon of
foreIgn currency was reqUIred to support tIns actIVIty m one year Paymg for 50 percent of the
crude Imports reqUIres $679 mIllion (5 65 nulhon tonnes tunes $120/tonne) Another $306
mtlhon IS reqUIred to pay for the product Imports (3 2 millJ.on tonnes tImes $96/tonne) As
demand grows m the future, the net reqUIrement for foreIgn currency would nse to $1,273 rrulhon
per year m 2000 and $1,635 nulhon per year m 2005 Combmmg these annual reqUIrements by
usmg a 10 percent dtscount rate, the foreIgn currency reqU1rement YIelds an NPV of $10,825
mtlhon for the next 20 years of Imports
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Item 1995 2000 2005 1995 2000 2005

Foreign Currency Cost of Imported Crude Oil

Imports Pmd for With Hard Currency (tonnes)l 57 75 95 55 44 48

Pnce of Imported Crude Oil ($ per tonne) 120 121 126 120 121 126

Cost of Imports ($106) 679 908 1,198 663 530 603

Foreign Currency Cost of Imported Products

Imports Pmd for With Hard Currency (l06 tonnes) 32 37 43 32 37 43

Pnce of Imports (mostly fuel oil) ($ per tonne) 96 98 103 96 98 103

Cost of Imports 306 365 437 306 365 437

Total ForeIgn Currency Cost of Imports ($106) 985 1,273 1,635 969 895 1,040

NPV of FOreIgn Currency Costs2 10,825 8,386
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3 5 INDIVIDUAL REFINERY ANALYSES

As discussed prevIOusly, the marglllS for toll processmg (lffiportmg crude Oll and exportmg all
products) m thls reglOn are very poor, because the Mediterranean market serves as a market of
last resort for surplus refmed products Although PetroIDldIa IS best sUlted among Romama's
refmenes to serve the mtematIonal markets, these poor market condIuons Wlll make any sustamed

Undertakmg all the steps of our ratIonahzauon strategy would result m a downstream sector
wluch Imports slgmficantly less crude Oll These steps mc1ude (1) ehmmatlng the barter payment
for crude, (2) decomnnsslOmng two small and two large refinenes, (3) reducmg staffmg to typiCal
levels, (4) se1ectlvely mvestlng m the remammg refmenes, (5) hftmg the mtrllslve government
regulatlons, (6) economIcally opt1mlzmg the operatlons of the downstream sector and (7)
redrrectlng the subSIdIes mto producuve mvestments

W1nle the net foreign exchange requrred for the recommended case m 1995 IS close to the amount
requrred m the current pracuces case ($969 mIlhon versus $985 mIlhon), a tremendous benefit can
be developed by the year 2000 The recommended rauonallzauon approach requrres substanually
lower annual net foreign currency outlays m 2000 and 2005 compared Wlth current practlces and
pohcles The NPV of the annual foreign currency requrrements for our recommended approach,
usmg a 10 percent dIscount rate over 20 years, IS only $8,386 milllon, or $2,439 ml1hon below the
levels under current practIces and pohcles
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35 1 Petromldla

Located on the Black Sea coast, Petromlwa IS farther from domesuc Oll fields and has more
hmlted access to domesuc Oll fields than the other refinenes Th1s dISadvantage IS not
econoIDlcally SIgnIficant, as domestlc productlOn covers less than half of the country's
requrrement for crude Oll The rest IS lIDported, and durmg the next 10 years Romama willlffiport
between 4 and 13 ml1hon tonnes of foreign crude Oll annually Petromldla IS Ideally sUlted to
refme tlus lmported Oll because It IS located closest to Romama's pnmary oil Import tefmlnal and
can most economIcally access the mtemauonal crude markets
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reqUIrements IfPetrom mvests tlus money annually m oil productIon aCUV1ues illSlde (or outside)
RomanIa, and even If Petrom's performance IS worse than average (fmdmg and development costs
of $5 per barrel or $37 50 per tonne, about 25 percent higher than pnvate-sector compames
costs), then thls adwtlOnal mvestment will result m dIscovery of 7 2 rrulhon tonnes of new
reserves each year Agam, usmg mdustry averages, tlllS level of new reserves would result m an
1ll1ual year's 011 producuon of 0 9 mIlhon tonnes of new Oll TIns 0 9 mllhon tonnes of add1uonal
productlOn dIrectly reduces Romama's crude ollimport requrrement by $108 mIlhon (based on a
market crude Oll pnce of $120 per tonne) Each year Petrom could mvest a slIDI1ar amount,
resultmg m a cumulatlve 3 8 rrulhon tonnes per year mcrease m productlon by 2000 and 5 4
mI1hon tonnes per year mcrease m productIon by 2005 These levels of producuon take mto
account an assumed 12 percent per year dechne m producuon for each tranche of mvestment
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PetrOmIdia has lOgISTICal advantages for dehvenng product to the eastern and coastal regIOns of
the country, but these markets are not large enough to consume all of PetrOmIwa's products, and
the rest must be sold m the centrally located Muntema market PetromIwa IS geographIcally
remote from central markets compared to the PIOleSTI refinenes, leavmg It dIsadvantaged rela1lve
to the other large refinenes

toll processmg unprofitable However, the ongomg transformatlOn of the econOmIes of the
former SOVIet block may present temporary opportum1les for PetroIDldla to toll process
profitably We expect even these opportunI1les to vanISh m only a few years as more ra1lonal
econOmIC behavlOr estabhshes Itself m those countnes As shown m Table 3-15, at PetrOmIdia the
costs of purchasmg tmported crude oIl ($122 01 per tonne) and mcurrmg the vanable costs for
processmg ($1 90 per tonne) are hIgher than the value of products refined ($120 23 per tonne) If
all products are exported, resultlng m a negauve processmg margm of $3 68 per tonne

Quantity Revenue Amount
Item (tonnes) ($/tonne) ($)

Crude 011 Feedstock 1000 (12201) (12,201)

Fuel Use + Loss 127 - -
Products Refined and Sold

LPGlNaphtha 60 13287 795

Petrochennca! Naphtha 36 13287 479

Unleaded Gasolme 82 RON 25 13287 332

Unleaded Gasolme 90 RON 00 13962 0

Unleaded Gasolme 95 RON 314 15687 4,919

Kerosene 108 14387 1,561

DIesel 270 14287 3,862

Low-Sulfur Fuel Oil 00 9013 0

HIgh-Sulfur Fuel Oli 00 7288 0

Fuel Coke 58 1066 61

Needle Coke 00 21569 0

Other ~ 7713 13

Total 873 - ---
Revenue from Products 12023 12,023

Gross Margm (l78) (178)

Vanable Costs (Excludmg Fuel Use +Loss) (190) --Cl2ID
Net Margm (Loss) (368) (368)

Table 3-15 Petromldla Export ProcessIng EconomIcs

Case Import 100 Tonnes ofCrude and Export AllProducts
Average YIelds andPflces for 1995
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DespIte Its technolOgical and 10gIStlCal advantages, PetroID1d1a exhIbIts many of the poor
operatIng and managenal pracllces whtch reduce performance ill all of the RomanIan processmg
plants Under the Rafirom-dommated central planmng system, the refmery IS constramed from
optlmIZlD.g IS feedstock selectIon and product Ill1X Its staffing IS exceSSIve Advanced
mstrumentallon IS not used The operatlng paradIgm IS pasSIve and nsk-aversIve Consequently,
the full capab:ililles of the eXlstlng eqwpment are not bemg achIeved As mentIOned III the Labor
SectIon, we recommend that Petrolll1dIa reduce Its staffing levels from 4,754 employees to a total
of 2,732 permanent employees plus 238 employees to be mcluded m separate contract
mamtenance companIes

At 3 5 lllllhon tpy of processmg capacIty, Petromuha IS the smallest of the fIve large Romaman
refmenes It IS, however, very well balanced m that all of Its basIC dIStlllatIOn capaCIty IS backed
by converSIon and cokmg capaCIty PetromIdta's catalyt1c crackIng complex, the smgle most
lIDpOrtant refinmg urnt for generatmg econOmIC value, was recently upgraded WIth world-class
technology It produces the natIOn's hIghest YIeld of gasohne (56 wt%) and the natIon's second
hIghest level of qualIty (92 5 RON) In many ways, Petromldta represents a model for the type of
value-addmg, operatIOnally balanced core refmmg facilitIes that are needed at the other refmenes
Petromlma's advantages m supenor desIgn and technology far outweIgh Its lOgistIcal
d1sadvantages For these reasons, PetrOImma performed best ill our econOmlC evaluatIons, and
we recommend that It remam operatIonal

To enhance the balance between PetromIdIa's core refinmg urnts and to address tIghtemng sulfur
speclficatlons, we recommend the followmg cntlcal mvestments totahng $31 5 mtlllOn for
Petromld1a

• $3 7 mllhon to enhance feedstock processmg capabilitIes

• $6 8 milllon for sulfur plant refurbIShments

• $0 8 millIon for revampmg the kerosene hydrotreater

• $11 3 mIlton to revamp FCC and expand capaCIty by 30 percent

• $8 9 milllon for enVIronmental projects

3 52 Arpechlm

Located 70 kIlometers west of PI01esll, Arpechtm IS the westernmost large refmery ill the country
In many ways, Arpechtm represents the clasSIC mland refinery, m that It 15 well SUIted to receIve
crude 011 and produce products for local market consumptlon WIth access to an adequate system
of pIpelmes, Arpechlm has ready access to both domestIcally produced and lmported crude OIls
While m the past there has been some mterest by mtematIonal compames m toll processmg at
ArpechlID, therr pnmary goal was to explOIt RomanIan naIvete, whtch was reflected ill the art::J:fiClal
mstor1lOns between local-currency costs for transport and manufactunng and therr mtematIonal
market eqUlvalents These opportunItIes have been dIScovered and ehmmated, makmg toll
processillg structurally unattractIve at Arpech1lll over the long term As shown m Table 3-16, the
costs of purchasmg Imported crude oil ($128 24 per tonne) and mcumng the vanable costs for
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Table 3·16 Arpechlm Export Processing Economics

Case Import 100 Tonnes of Crude and Export AllProducts
1995 YIelds and Prtces

At roughly 6 5 IDJ1hon tpy of processmg capaCIty, Arpeclum IS one of the largest refmenes m
Romama Arpeclum has a small deSIgn dIsadvantage m that It does not possess a colang plant
Our proJeeuon of pnces mdIcates that cokIng margms are attractIve m Romama, and the lack of

processmg at Arpeclum ($1 20 per tonne) are slgmficantly more than the value of products
receIved ($113 17 per tonne) If all products are exported, resultIng m a $16 28 per tonne negatIve
processmg margm
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Quanbty Revenue Amount
Item (tonnes) ($/tonne) ($)

Crude 011 Feedstock 1000 (12824) (12,824)

Fuel Use +Loss 98 - -

Products Refilled and Sold

LPGlNaphtha 27 12862 354

Petrochenucal Naphtha 157 12862 2,017

Unleaded Gasolme 82 RON 00 13287 0

Unleaded Gasolme 90 RON 170 13962 2,377

Unleaded Gasolme 95 RON 64 15262 970

Kerosene 00 14387 0

DIesel 322 13362 4,301

Low-Sulfur Fuel Oli 87 8588 744

Htgh-Sulfur Fuel Otl 62 7288 449

Fuel Coke 00 1066 0

Needle Coke 00 21569 0

Other ...ll 7288 106

Total 902 - ---
Revenue from Products 11317 11,317

Gross Margm (1508) (1,508)

VarIable Costs (Excludmg Fuel Use + Loss) (120) ---illQl
Net Margm (Loss) (1628) (1,628)

SectIon 3

ArpechlID. has shghtly more lmnted access to the large Muntema demand center than Petrotel or
Petrobrazt However, thIs logISucal dISadvantage IS small (only 50 lalometers) and results m only
very romor transportatron dIsadvantages On the other hand, ArpechIm has a IOgIStrCal advantage
for dehvermg product to Banat and Transylvama vIa eXIstIng product pIpehnes
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353 Rafa

At 5 2 lnllhon tonnes per year of processmg capacIty, Rafo IS an average large Romaman refInery
Its deSIgn and capabilitIes are smll1ar to those of Petrotel Rafo'score refinmg facilitIes are
centered on average SIze and performance catalytIc crackIng and cokmg plants To enhance Its
deSIgn strength, we recommend that the nearby Darmanesn refinery be consohdated WIth Rafa,
wInch will protect DarmanestI's needle coke facilitIes (the only such facilines III Romarna) while

Rafo IS set apart from the other refmenes, beIng located m the northeastern comer of Romama
Like ArpechlID, Rafo IS an Inland refinery desIgned to effiCIently lIDpOrt crude Oll and serve the
MoldaVIa and Transylvama markets The eXlsnng Conpet pipelme and slIDllar PIPehnes for
carrymg crude oli from MoldaVIa oli fields prOVIde Rafo WIth adequate access to both domestIc
and Imported crude Its only regional compentor IS the smaller Darmanesn refmery Like
ArpechlID and PetronndIa, we project neganve margms for toll processmg at Rafo

LIke Petronuwa, Arpechlm suffers from many of the operanonal mefficiencies common to all
RomanIan processmg plants The refmery IS constramed from optlnnzmg Its feedstock selecnon
and product mIX by the Rafirom-dommated central plannmg system Staffing IS excesSIve,
advanced mstrumentanon IS IDlssmg, and the operanng paradIgm IS pasSIve and nsk-aversive
Consequently, the full capabilines of the m-place eqUlpment are not aclneved As mennoned m
the labor secnon, we recommend that Arpeclnm reduce Its staffmg levels from 8,056 employees
to a total of 3,754 employees, plus 1,192 employees to be placed III separate contract mamtenance
companIes
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To debottleneck the capaCIty of Arpeclnm'score refmIng umts and to address nghtemng sulfur
specrficanons, we recommend the followmg cnncal mves1m.ents, totalmg $48 5 mI1hon, at
Arpechlm

• $3 7 mllhon to enhance feedstock processmg capabililles

• $3 I mllhon to revamp eX1Stlng hydrotreatlng

• $10 millIon to revamp eXlStlng naphtha hydrotreatlng and debottleneck FCC capaCIty

• $14 mlihon for new hydrotreanng capaCIty

• $17 9 mIllIOn for envrronmental projects

tlns capability IS a dtsadvantage ArpechlID.'s strength hes m the capabilines of Its catalytIc
cracker CatalytIc crackers convert low-value fuel 011 mto lngh-value gasolme, and generally add
more economIC value than any other refinmg process umt At 4 8 rrulhon tpy of capacIty,
Arpeclnm's catalytIc crackmg complex IS the largest m Romama TIns plant IS by far the largest
producer of hIgh-octane (93 5 RON) gasolme components In the country and has the second
lnghest gasolme yIeld (52 percent) The capabilines of Arpeclum's catalytIc crackmg complex and
Its relatIvely strong IOgIsncal posinon combme to far outweIgh Its lack of cokIng faClhtIes and
make It one of the best performmg refinenes In our econonnc analySIS
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354 Petrotel

Located m central Romanla, near the Muntema demand center, Petrotells configured as yet
another mland refinery Petrotel1S capable of recelvmg domestlc 011 produced reglOnally and
Imported 011 through the Conpet plpehne system, and has adequate access to feedstock supply
LIke all the other large refinenes, there IS vrrtually no pOSSIbility of employmg Petrotel's capaCIty
for toll processmg

Unbke the other large refmenes, Petrotel has a sIgmficant lubncant operanon that currently loses
money but IS potentIally capable of profitable operatlon even 1f the refinery IS closed TIns
lubncant plant processes about 240,000 tonnes of feedstock per year to produce about 60,000
tonnes of lube base stock and about 170,000 tonnes of other lubncant products Although It IS
very small m relatIon to the Petrotel refmery, thIS lube plant lS an lIDpOrtant producer wlthm the

Petrotells Ideally SUlted to serve the large Muntema demand center, m competltlon With
Petrobrazl and Arpeclum WIth the close proxmnty of these three large refmenes, central
Romama IS the reglOn where refinmg overcapaCIty IS greatest In fact, our analyslS showed that
there IS no realIstlc pOSSIbility to economIcally keep more than one of these refmenes operatlonal
given the prOjected levels of demand m the reglOn
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In many ways, Petrotel typIfIes a large Romaman refinery It possesses average-slZed catalytlc
crackIng and cokmg umts, whose performance IS mfenor to the performance of the correspondmg
umts of Arpechun, PetroIDldla, or Rafo Petrotelis a large plant, WIth many umts, some datlng
back to the illceptlon of 011 refmmg 18 central Europe Wh1le tlus makes for proud tradInon and
nch hentage, ill the arena of mtense econOmlC competltlon only supenor technology and balanced
operatlons will produce bottom-hne results Our econOmIC evaluatlon determmed that Petrotel's
overall performance IS Infenor to that of PetroIDldIa, ArpechlID, or Rafo, not because of any smgle
compellmg flaw, but because of Its lower performance across VIrtually all umts and the lack of an
offsettIng and compellmg advantage rendered Petrotel's posltlon relatlvely weak economIcally as
compared to the others

Raio also suffers from many of the operatlOnal mefficienCles common to all Romanlan processmg
plants, though somewhat less so The refmery IS constramed from optlm1zmg Its feedstock
select10n and product nux by the Rafrrom-dommated supply and allocatlon monopoly Staffing IS
exceSSIve, advanced mstrumentatIon IS IDlSsmg, and the operatlng paradIgm (setpomts) lS pasSIve
and nsk-averslve Consequently, the full capablhtles of the eqillpment are not aclueved We
recommend that Rafo reduce Its staffmg levels from 3,804 employees to a total of 1,982
employees plus 417 contract mamtenance personnel

tnmmmg Darmanestl's margmal and redundant basIC refimng capaCIty The mtegrated
RafolDarmanesn plant performed well m our econOmlC evaluations, aided by Its 10glStical
advantage m servmg the MoldaVla and Transylvama markets However, our evaluatlon
methodology dId not compare Rafo drrectly to eIther Petrotel or Petrobrazl, as Rafo' s lOgIStIcal
strengths were conSIdered suffIC1ently great to retam It as a future refinmg center
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35 5 Petrobrazl

Like Petrotel, Petrobrazlls located m the mtensely competluve central reglOn of the country It
has slrmlar access to domestlc and mtematIonal feedstocks, and YlrtUally Identlcal access to
domestlc markets Once agam, losses on toll processmg will prevent thIs capaCIty from bemg
employed for toll processmg

356 Small Refmerles

We dId not dIrectly evaluate any of the fIve smaller refinenes dunng thIS study, but an ovefYlew of
the eXlSt1ng faciliues mdlcates that they lack suffiCIent scale and use less-advanced technology
relatIve to all of the large refinenes For thts study, we assumed that most of the small refinenes
would be deCOmmISSIOned The excepuons are Darmanestl (menooned above together WIth
Rafo), Petrolsub, and Astra

Unhke Petrotel, Petrobrazl has core refmmg facilitles whose performance IS below that of the
other large refinenes Petrobrazl does have a large petrochemIcal complex However, as
explamed ill Sectlon 5 of thl8 report, thl8 complex 18 not econoIDlcally VIable, and should be closed
even 1f the Petrobraz:J. refmery remams operatlonal despIte our recommendaoon to close It
Unfortunately, the combmed effects of below-average performance of both the refmmg and
petrocheIDlcal faciliues makes Petrobraz:J. the poorest econOmIC performer of the five large
RomanIan refmenes

small, but IDlportant, lubncant sector, accountmg for about 25 percent of the lube base stock
produced m Romama As mchcated m the lubncant sectIon of thIS report, thIS lube plant 18 only
margmally vIable, and operates at breakeven on a vanable-margm basIS, losmg money when fIXed
costs are taken mto account Because the lube plant IS small relatIve to Its assocIated refmery and
only margmally vlable,It creates no advantage for the Petrotel refinery Furthermore, the
lubncant operatIon prOVIdes no ratIonale for contlnued operatIon of the refmery because It IS
potentIally capable of stand-alone operatlon Therefore, these two ISsues, the operatlon of the
refinery and of the lube plant, should be evaluated mdependently of one another
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Petrolsub IS remotely located ill the far northwest comer of Romama, and IS fed solely from an oil
field producmg crude oil by m-sltu combusuon ThIS oIlfield and Petrolsub form an mtegrated
unIt, as neIther IS capable of operating mdependently of the other We have assumed that the
combmed econoIDlcs of both plants were pOSIt1ve (although we dId not valIdate tlus assumpoon)
In addioon, we assumed that Astra had margmally profitable operaoons due to Its unIque
capabilitIes to manufacture lubncants from the regIOnally produced naphthemc crude oIls
Accordmgly, we adjusted downward both the domestic demand requrrements and the domesoc
crude oil producoon projections available to the large refinenes for all penods by roughly
I mIllIOn tonnes to reflect contlnued ffiilllffial operatIons at Astra and Petrolsub
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Section 4

41 COMPUTER MODELING OVERVIEW

Refinery Sector Modeling~_ro_a_ch _

The modehng framework evaluated results dunng three tt.me penods, as follows

• 1995 - representlng the current realIty WIthIn Romama

• 2000 - representlng a honzon for short-term change

• 2005 - representlng a honzon for long-term change

4-1RomanIa Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment Study - Fmal Report

4 11 Data Preparation and Field Research

Data for the evaluatIon came from three sources

• Romaman sources, mcludmg the refinenes, PetroTrans, and PECO

• The petrochemIcal evaluallon ill Sectlon 5 and the lubncants econOmIC evaluatlon m
SectIon 6

• A study of the mtemallonal market for crude oil and Oll products m Sectlon 2

Thts sectlon descnbes the computer modelmg process employed to evaluate the decoIIllIllSslOnmg
econOmICS for the fIve large refinenes A four-stage modelmg process was employed, as depIcted
m FIgure 4-1 The stages were as follows

• Data preparatlon and file research

• Development of scenarIOS

• PillS least-vanable-cost evaluatlons

• ComprehensIve econonnc evaluallons

The management of the Romaman refinenes supphed data on the configurallon of the refmenes
and details on the technIcal and econOmIC performance of mdIvldual umts To asSISt these
managers, a pro-forma questlonnarre was prepared and dIscussed WIth each management team
dunng a first VISIt to the refmenes At a second VISIt, the data that had been prepared by the

SeCllon 4 1 1 descnbes how model data were gathered and venfied to filter out dIstortIOns and
Improve consIstency After thIs stage had been completed, a valId set of modelIng data was
produced Secllons 4 1 2 and 4 1 3 descnbe an Iteratlve process whereby the scenanos were
developed for runnmg each model TIns approach capItalIzed on the capabilitIes of the PIMS
software to Improve the overall result At the completlon of these stages, least cost optlIDlzatlon
results based on vanable costs were produced Sectlon 4 1 4 descnbes the process whereby the
adwtlonal data (e g , fixed costs) were mtroduced to fully descnbe the econOmIC results of the
modelmg effort
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refinenes were collected and dIscussed WIth the refinery management teams to ensure that they
were conSIstent and accurate Samples of the quesllonnanes have been mcluded m the Appendtx
along Wlth summanes of the key data prOVIded by the refinenes

4 1 2 Development of Scenarios

The second stage ill the evaluatIon process was to develop the scenanos under wInch the models
were to be tested One baSIS for thIs evaluatIon was the data proVIded by Rafrrom and the

Pnces for Imported crude otIs and products traded on the world market were obtamed from
Bonner & Moore (see Secuon 2) All the pnces used m the evaluatlon were based on
Mechterranean pnce levels and were adjusted for the cost of sea freIght to RomanIa Vla the Black
Sea and for overland transport to the appropnate refmery or reglOn

Romaman domestlc demand for refined products was also obtamed A major dnvmg force for the
effiCIent u1lhzatlon of the Romantan refinenes was the matchmg of refinery capability to the
avatlable market on a reglOnal basIS An estmlate of the transport cost of each refinery servmg
each reglOn of Romama was used to detenmne the optunurn configuratton for the refinmg
llldustry ill Romanta ThIs estunate was based on breaktng down Romaman product demand mto
five major reglOns and denvmg the cost of movmg product to the center of each market from each
refinery
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Data on the avatlablhty of Romaman crude 011s, both now and m the future, were also collected
from Rafirom and the refinenes Romaman crude otIs are not currently traded on the world
market, smce all are consumed Wlthm country As a consequence, no data on the analYSIS of the
vanous Romaman crude otIs were avaJ1able m the forms used for mtemallonally traded otIs The
team undertook some addtttonal modelmg work to charactenze the phYSICal propemes of these
crude otIs based on the actual product slate achteved from processmg them Thts work 18

descnbed below Data on the pnce pald for RomanIan crude otIs were also obtdlned, and some
modehng work was undertaken to determme the value of these crudes to the Romaman refinenes
As dlScussed elsewhere m thIS report, the parameters descnbmg the costs and constramts on the
transportatIon of crude oil and products to and from the refmenes were also determmed

The econOmICS of the petrochemicalllldustry and the lubncants mdustry m Romama are dlScussed
ill SectIons 5 and 6 Where a demand for feedstock was Identlfi.ed, the quanttty and the maxnnum
pnce that the petrocheIDlcalllldustry could susta.J.n was calculated as part of the petrochemIcal
assessment SJ.DU1arly, for by-products from the petrocheIDlcal complexes that were returned to
the refinenes, the quanuty avaJ1able was calculated, together With the mmtmum pnce that the
petrochemtcal illdustry could sustam Thts technIque ensured that any excess value added was
crechted back to the refmmg llldustry, rather than to the petrochemIcal mdustry, and prevented the
latter from shuttmg down profitable petrochemIcal faciliues The PIMS model permttted the
purchase of these feedstocks from the world market at appropnate pnces, If thIs was more
economIcally effiCIent than supply from the Romaman refinenes
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refmenes on theIr Identlfied development plans These were screened and the relevant aspects
mcorporated mto the evaluatIon

The five smaller refinenes are not sIgmficant m relatIOn to the total refinIng mdustry m Romama
Therefore, they were evaluated outsIde the mam econonuc modelmg effort One excepnon was
made for the DarmaneSll refinery Darmanesll produces needle coke, WhICh attracts a hIgh pnce
We have suggested that Darmanesll could be more closely mtegrated WIth the Rafo refinery, and
for thIs reason It was modeled as an mtegral part of Rafo

The pnmary method of developmg scenanos for more detaIled evaluallon was to utlhze the
powerful margmal value reportIng facility bUIlt mto the PIlv.IS Lmear Programmmg Modelmg
software For every solunon determmed by PIMS, m addItIon to reporung the detaIls of the
solutIon found, the program also reports the margmal value of relaxmg every constramt that the
model IS hmIted by For example, If the hydrotreater was fully ullhzed, then PIMS would report
the mcrease m gross margm that could be obtamed by mcreasmg the capaCIty of the hydrotreater
by one unIt of capaCIty (usually 1 tonne) By scannmg the margmal values reported by PIlv.IS, one
can eas:tly IdentIfy the constramts hmI1lng performance and the constramts that offer the hIgher
mcreases m gross margm m exchange for relaxmg them The scenanos to be evaluated could then
be slIDply developed from the process umts that appeared to be constrammg earher PIMS
opt1nuzanons

4 1 3 PIMS Least Cost Evaluations

The core of the ratIonalIzatIon study was the least cost evaluatIon of the refinenes usmg the PIMS
lmear programmlDg software Refmenes are very complex UDlts that are capable of makmg a
WIde varIety of products from a range of dIfferent feedstocks usmg a combmanon of dIfferent
processmg umts It IS Widely recognIzed that the econonuc optImum refmery operatIonal plan for
a gIven set of market demands and pnces can be determmed only by lmear programmmg
technIques PIlv.IS IS the market leader In lmear programnnng software for the refimng mdustry
worldWIde and IS used by refinenes, Oll traders, and consultants PIlv.IS has a number of dIfferent
capabIhnes m addItIon to the standard lmear programmmg optlmlzatIon of a refinery, these
mclude the ability to handle more than one refmery and to plan the optImum. usage of the
refmenes, given the hmItatIons of each plant, and any transport cost penaltIes The ph:tlosophy
behmd the evaluatIon was to optlmlze the econOmIC utIhzatlOn of the ava:tlable refinery capaCIty at
the five major refinenes, based on the followmg assumpllons

• A fixed quantIty ofRomaman crude OllIS available and will be used only
domestlcally, but an unhnuted quantlty of lIDported crude OlllS avaIlable at
mtematIonal pnces (It IS assumed that the econOmICS of transportmg Romaman
crude out and replacmg It WIth Imported crude will always ensure that RomanIan
crude IS consumed preferentlal1y m domestIc refinenes )

• In anyone year, there IS a fIXed demand for products lD RomanIa, and thIS demand
can be met eIther from the domestIc refmenes or from Imports of products, whIch
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42 DATA PREPARATION, FIELD RESEARCH, AND EVALUATION PROCEDURE

The approaches and methodologIes for the data preparatIon, field research, and evaluallon
procedure are dIScussed below

In most cases, three sets of PIMS models were completed for each scenano, one model usmg the
data appropnate for 1995, one for 2000, and one for 2005 Each of the PIMS models was
Identrfied by a umque run number The results of the PIMS models are the optImum for an
average day m each of the years, Ie, all quantItIes reported m PIMS are per operatlng day

The econOmIC model calculates year-by-year profitability for each refmery by mcludmg flXed
costs, capItal expendItures, pncmg scenanos for domestIc product markets, and pncmg scenanos
for domesnc crude The model reports the net present value (NPV) of the projected year-by-year
profitabilitIes for each refmery for the base case, new case, and companson It also reports the
overall NPV for all refinenes

must be paId for at mtematlOnal pnces Smnlarly, products produced m Romama can
be exported to the mtemanonal market at snmlar pnces

• Costs, such as wages, maIntenance, and capItal expendIture, are fixed and therefore
not relevant to the vanable-cost op1J.mlZatton (FIXed costs are mcorporated later III

the econOIDlC model after complenon of the vanable-cost op11Ill1zatIon )

Refmery Sector Modeling Approach
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Section 4

In the scenanos descnbed above, PIMS was run WIthout eIther domestIc crude pnces or pnces for
products sold on the domestIc market Smce the quantIty of both of these are fixed, mcluslOn of a
pnce for them does not affect the vanable cost optlmlzanon Usmg thIs techmque aVOIds
preJudgmg the value of the Romaman crude oIls, whIch are not traded mtemattonally and also
aVOIds the problems of domestIc product pnces, wmch are currently not In alIgnment WIth market
pnces

4 1 4 Economic Evaluation

The PIMS optlmtzatIon proVIdes only the least-vanable-cost solutIon to a glven scenano WIth all
fIxed costs dIsregarded To evaluate the overall econOmIC and cash posItIon of the refinenes and
to determme the optImum when the flXed costs are mcluded, a spreadsheet econOmIC model was
constructed of each refinery Tills model extracted data from the relevant PIMS solutIons The
model consIsted of five separate refinery cash flow models, each of whIch COnsIsted of a
companson between a base case and a new case The companson allows the Improvement
produced by the new case (e g, generated by some new mvestment ill process UnIts) to be clearly
Iden1J.fi.ed
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It IS assumed that transport costs are mamtamed constant m real terms over the penod of study,
Ie, transport costs will nse only ill altgnment WIth general mflatton, which IS excluded from the
econOmIC models

Products are transferred to the domesllc markets almost ent1rely by rail For export, products are
transferred by plpelme to the termmal at Constanta and then proceed by ship Ocean freIght
charges are set by product type, bemg dtfferenllated mto whIte, black, and sohd product

4 22 Romaman Product Demand by Region

Romaman domesllc demand for refined products was obtamed The data are presented ill Secllon
45

No finanCIal dtfferences were assumed between plpehne and rali transportatton of crude of refined
product A smgle, zone-based flat rate IS used for both by PetroTrans, and the fundamental
underlymg cost bul1dups for pIpelme or rali are not known to them To obtam a common
dtstance-based tanff useful m modehng the comparatIve lOgIStIcal advantages of the refmenes, the
Romaman Nallonal Railroad (RNC) tanffs were used as a proxy RNC tanffs prOVIde the only
bulk transport competttIon to PetroTrans and are the pnce umbrella under whtch PetroTrans
tarIffs are set Cross compansons WIth sample Ukrame, Western European, and US rates
mdIcate that tills transport cost modelts reasonable
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Section 4

DomeS1lc supphes of crude 011 are receIved from a number of central collectIon termmals To
SlIDPhfy the analySIS, the followmg assumpllons were made

• For the Moldova DIStnCt, the major termma11s near the refinery at Rafo Transport
costs are based on the dtstance from Rafo to the other refinenes

• For Black Sea crude, the transport costs are from the port of Constanta

• The crude Oll ill the Muntema DlStnCt has been centraltzed between the three
refinenes Arpeclnm, Petrobrazt, and Petrotel

4 2 1 Transport Logistics and Costs

All five refinenes receIve lffiported crude 011 from Constanta by plpelme Crude reaches tIns
plpehne from eIther Black Sea locatIOns (e g , RussIan crude 011) or the MedIterranean As all
pnces used by the model are based on MedIterranean pnce levels, addtllonal ocean freIght IS
payable on most crudes that must be brought from the Medtterranean to Romama However,
Sillce Urals WIll be shIpped drrect from Black Sea port, the MedIterranean pnce for Urals crude
has been reduced by the net drfference between the ocean freIght cost from a RUSSIan Black Sea
port to the Medtterranean and the ocean freIght from a RUSSIan Black Sea port to Constanta
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These numbers do not reflect crude produced by the frreflood operatIon m the Surplacu DIstnct
For the purpose of thIS study. thIs crude IS assumed to be refined m the local refinery for the
productIon of bItumen and gas oils and IS excluded from the modehng process The total
domestIc crude productIon avaIlable for the five larger refinenes was set at 5 5 millIon tpy
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• Muntema

• Moldova

• Black Sea

Section 4

42 3 Crude Availability

Each refinery was asked to complete forms descnbmg the feed and product slate for 1994 For
each blended product, forms were supphed to define product speCIficatIons The refinery
de:fimtIon of the feed slate provIded a reasonable descnptIOn of the dIStnbutIOn of Imported crude
feeds The assays for these Imported crudes were taken from the BP crude assay hbrary avaIlable
WIth PIMS It IS not known how accurate thIs allocatIon of Imported crudes supphed by the
RomanIan refinenes was or whether the PIMS assay hbrary adequately descnbed the blend
supphed One refmery stated that the crude feed descnptIon supphed by the Constanta 011
termmal for Imported crudes produced YIelds from the crude tower that dIsagreed WIth those
predIcted by the BP assay hbrary Tins dIfference may be due to operatIonal dIfficultIes WIth the
crude supply or m the refmery

The refinenes had very htt1e mformatIon on the Romaman crudes refined The crudes were
dIfferentIated mto land and manne types Four sets of assay data mcludmg a hmIted descnptIon
of each crude were supphed by RafIrom from the Research InstItute for Petroleum Processmg and
PetrochemIStry S A (ICERP) for the land-based crudes These data were assumed to represent
crudes avaIlable m the Muntema and MoldaVIa regIOns For the land-based crudes. no clear
definItIon of the crude assays refmed at each refinery could be determmed For the Black Sea
crude. the assay was supphed by Petrotel refinery. the major refIner of thIs crude m 1994 Agam.
thIs assay dId not gIve detaIled mformatIon To complete the gaps m thIs InformatIon. thIS assay
mformatIon for the crudes was overwntten onto PINIS hbrary crude packs for mtematIonal crudes
SImIlar to the RomanIan crudes

The dIStrIbutIon of total RomanIan domestIc crude productIon from the three major oil producmg
dIStrIcts to the five larger refinenes was as follows (figures were supphed by Rafrrom)

wt%

776

111
113

The product mformatIon on the 1994 refmery operatIon vaned, dependmg on the refinery
Product speCIficatlons were generally consIstent from all refinenes and for the modehng were
IdentIcal A PINIS global model of the refmenes was constructed WIth the above mformatIon
When domestlc crude feed rates to a refmery were known, these were apphed It was further
assumed that Munteman crudes were dehvered to Petrobrazt and Petrotel and Moldova crudes fed
to Rafo and DarmanestI (WhICh was combmed WIth Rafo) The mformatIon supphed by ArpechlITl
and PetroIDldia mdIcated that they refmed predommantly lITlported crudes m 1994
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43 DEVELOPMENT SCENARIOS

Crude and vacuum towers at all SItes requrre revampmg to enhance product quahty, but not to
mcrease capaCIty LIkeWlse, gas desulfunzauon and sulfur recovery umts at all SItes requrre eIther
revampmg or rebu:tldmg These umts are currently meffiClent and lmpose a huge dram on SIte
utiliues

431 Raflrom and Refmery Development Plans

Table 4-1 presents the development plan for the refinenes descnbed III the Rafrrom report
"Investment Projects," dated May 1995 The hst does not mclude purely envrronmental and
petrochemIcal mvestment projects

The 1994 PIMS model was rerun WIth the global supply of crudes fixed, but the allocatl.on to
mdlV1dual refinenes free The model optlmlzed the allocaUon of crudes to SUlt the fixed product
slate at each refmery Tlus gave an mdlcauon of the value of usmg PIMS m a mult1refmery
operauon If the refinery gate products had been known by regIon, tIns mformauon could have
been Incorporated In the model, thereby proVldmg greater savmgs

4-8

Refinery Sector Modeling Approach

RomanIa Petroleum Downstream Restructunng Study
RatIonalization and Gntlcallnvestment Study - Fmal Report

Section 4

Thts PIMS model determmed the blend of crudes from the assays supphed to sallsfy the product
reqUIrements, 1 e , the model determmed the quantrtles of each RomanIan crude Oll that must have
been available to produce the ill.lX of products specrlied at each refinery Once run, the
dJ.stnbutlOn of domesllC crudes by reglOn and theu assay was fIxed for the penod of the study,
that IS 1995 to 2005 The structure of the PIMS model for thIs determmauon of domesuc crude
assays IS shown m FIgure 4-2

Current and future market demand for gasohnes can be met Wlth the eXlsung refinenes, hence,
there IS no economIc rauonale for revampmg FCC and reformer umts to Illcrease gasohne
producUon Current PIMS work has shown the Petronuilla FCC revampmg to be worthwhile, as
the present FCC urnt represents a major bottleneck and revampmg proVldes opportumUes for
product export There IS also no clear reason for revampmg other upgradmg umts such as the
alkylatlOn urnt and coker at Petrotel, smce both of these umts mcrease dJ.sUllates produeuon,
wInch 18 m excess, and reduce fuel Oll producuon, wmch 18 m defiClt
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PIMS refinery models
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Figure 4-2 Determmatlon of Domestic Crude Assays
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SectIon 4 Refinery Sector Modeling Approach

Table 4·1 Raf.rom Proposed Investment Projects

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Refinery Proposed ProJect Description

Arpechun Revamp crude oil dtstillatIon umt (DAV2) Increase CapacIty from 3 5 to 485 X 106 tpy and Improve heat
exchange network:

Revamp VISbreaker (RV2) Increase capaCIty from 0 6 to 0 8 X 106 tpy and nnprove utthty
consumpnon

Revamp FCC Reduce catalyst loss nnprove regeneratlon, and add turbo expander
to generate electnc power

Revamp lube Oll productlon Reduce dependence on crude type IDlprove blendmg, and finISh
plant

Petrobrazl Revamp CDU and VDU No 2 (DAV2) Increase capacIty from 3 8 to 5 0 x 106 tpy and Improve heat
exchange network

Revamp FCC Increase capaCIty from lIto 1 5 x 106 tpy, allow heaVIer feed and
revamp reactIonlregenerabon sectlon

PetromIdI Revamp gas oil hydrofimng Improve catalyst, mcrease capaCIty from 0 69 to 0 83 x 106 tpy and
a lIl1prove heat exchange network

Revamp catalytIc reformmg Install new reactor and furnace IDlprove heat exchange network,
lIl1prove automabon and replace catalyst

Revamp gas desuIfunzabon SRU, and Replace catalyst and Improve Claus plant
sour water strIpper

Petrotel Revamp catalytIc reformmg Mocbfy CCR to nnprove Yield qualIty of refonnate Replace
catalyst The project auns to mcrease RON from 91 to 97 and Yield
by 32 x 103 tpy Hydrogen Yield will nse by 6 X 103 tpy

Revamp FCC ReactorlregeneratIon upgrade mcludmg metallurgy nser extensIon,
catalyst stnppmg, and cyclone IDlprovement AIm to mcrease
gasolme Yield by 157 x 103 tpy and RON by 1.5 umts IDlprove
conversIon (mm 77%) and utthty consumpbon

Revamp HF alkylabon plant Rebulld umt, Improve alkylate Yield, and reduce utthbes
Revamp delayed coker Improve plant metallurgy and redeSIgn for maxlDlum heat recovery

to feed Add automabon and safety eqmpment Better smted for
Ingher sulfur crude feeds

Revamp gas desulfunzabon and SRU Punfy amme solubon and add closed system collecbon for leaks
Renew catalyst and mstall}hSISCh analyzer for SRU flue gas
Improve hqmd sulfur degasmg, storage, and lransport from flue gas
after SRU treatment

Rafo Revamp medIum-pressure catalytIc Replace reactor and catalyst, IDlprove reactor volume and reduce
reformer (RCz) catalyst reSIdence tune mcreasmg Yield Add sulfur guard bed pnor

to UnIt and replace naphtha hydrofimng catalyst upstream Tins
should Improve RON to 95 and Hz Yield

Revamp FCC (CCs) ModernIZe reactor/regenerator cyclones, nser wet system, arr
dIstnbnbon m regenerator and stnpper-nser end assembly Renew
catalyst The aIm IS to nnprove gasolme Yield by 25 000 tpy and
RON and mcrease petrochemIcal feed by 49 X 103 tpy

Note ThIS table does not Include enVIronmental projects (e g water treatment revamps) and petrocheDllcal projects unless
they affectrermery operabon (e g sulfur plant revamps)

I
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The Surplacu refmery IS m northwest Romama and IS Isolated from the rest of the mdustry It
processes locally denved Oll produced by a system termed ftreflood The refmery and associated
productlOn faclhtIes are considered a smgle urnt The fireflood operatIon produces about 500,000
tpy of Oll, nearly all of winch IS processed at the nearby refmery In the past, some of tins oll was
transferred to the Darmanestl refinery

CombustIon Gases

411

lodge to Lagoon

Refinery Sector Modeling Approach

HeavyOl1Bummg
Zone

'"----tI Storage
Tanks

Romania Petroleum Downstream Restruclunng Study
Rallonallzatlon and Cntlcallnvestment Study - Ftnal Report

Ground Level

Figure 4·3 SchematIC Flreflood 011 FIeld

Petro/sub

Compressed All

4321

AIr CompresSIon
Reqwres 35 MW +--...

Section 4

432 Review and Rationalization of Five Smaller Reflnertes

An analysIS of the five smaller refinenes - Petrolsub, Darmanestl, Astra, Vega, and Steaua
Romana -IS presented below, along With a ratIonahzatIon strategy for each refinery

The fireflood operatIon m slIDphfied form IS shown ill Figure 4-3
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The Oll from thIs fireflood process IS sUltable only for the manufacture of heaVler products such as
bItumen and fuel OllS The refinery m slIDple block flow format 18 shown ill FIgure 4-4

The heavy 011 produced mcludes combustIon gases and 18 therefore sent to a senes of separators
The combustlon gases (carbon monmade, d1made, etc) are eIDltted to the atmosphere wh1le the
heavy oll product IS sent to storage tanks In these tanks, the oll settles and separates mto three
products the heavy OllIS sent to the refmery, the water IS sent to the wastewater treatment plant,
and the sludge goes to a lagoon Mter treatment, the water enters the local water system

The au compresSlOn system proVIdes arr at 18 bar pressure usmg about 80 compressors The
total electnc power consumptton by the SIte IS 40 MW, of winch 85 percent IS used m thts pnmary
stage Mer compresslOn, the au IS forced mto the ground Vla downp1pes, winch can extend up to
200 meters The arr feeds the burnmg zone, and the rate of supply determmes the rate of Oll
productlon The combustlon process cracks some of the Oll resIdue held m the porous rock
structure, whIch, together Wlth the heat of combustlon, causes the oll to flow up the productlon
well

Refinery Sector Modeling Approach

4-12

DIesel & Domestic
Heab:ng 011

LlgbtFuel

FueIOl1

Romania Petroleum Downstream Restructunng Study
Ratlonahzatlon and Cntlcallnvestment Study - Final Report

Figure 4-4 SchematiC of Petrolsub Refmery

CaustIC NeuttahzattonAtmosphenc D1stillauon
Crude

Currently 400 000 tpy

VacuumDIStJ1latlon

.I
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Section 4
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4323 Astra

The refinery and 011 productIon facility are assumed to form a smgle operatIng urnt and to
contInue m operatton for the penod of the study

It IS assumed that Darmanestt contInues to operate on Its present SIte producmg the needle coke,
With the hqIDd products (naphtha, fiesel, and fuel oIls) bemg sent to Rafo for fmal processmg and
blendmg to refinery-gate products, and the gases bemg used m the refmery fuel system

Steaua Romana IS located to the north of PIOleSll, m CImpma, far from the mam crude producmg
regIOns and the markets The refmery produces a Wide vanety of lube oil products Although
there IS a long-standmg trawtton of refmmg m thIS 10callon, It IS not consIdered econOmIC to
conttnue the operatton of tlns small urnt

4-13

Refinery Sector Modeling Approach

Romama Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment Study - Final Report

Darmanestl

Vega and 5teaua Romana

Section 4

The Astra refmery 18 located m PIOlestt It 15 predommantly a lubes refmery and IS assumed to
remam a lubes refinery after restructunng The major change to the operallon will be that It will
no longer refine crude oIl but will receIve from Petrotel atmosphenc reSIdue or vacuum gas oIl for
the productton of lubes The refmery structure IS mdIcated m FIgure 4-6

4322

The crude supphed to the refmery enters the atmosphenc dIStJ.llatIon urnt, winch produces stnught
run products for sales as fuel oIl, dIesel, and heatIng oIl Pnor to export, the dIesel and heatmg 011
are treated by caustlc washmg The atmosphenc resIdue that forms over 60 wt% of the crude
entermg the refmery IS sent to the vacuum dlstillatIon urnt The dIStIllate eIther feeds the refmery
boiler system or IS exported to RENEL for power productlOn The vacuum resIdue that
compnses 50 wt% of the ongmal crude feed IS passed to the bItumen plant

The Darmanestt refinery 15 located m the north of Romama m the MoldaVIa DIStnct Its major
product of value IS needle coke The refmery model for the producllon of needle coke has been
mcluded m the PIMS model, Wlth the excepllon of the gas streams A slIDphfied block flow
fiagram IS shown m FIgure 4-5

Vega IS a small refmery, also located m PIOlestt It has many standard refinery UnIts, together With
a catalyst manufacturmg um! The current study conSIders the refinery to have no SpecIal features
that would enable It to operate at an advantage over the larger SItes The refinery IS not lIkely to
produce a pOSIllve cash margm Therefore, It IS not conSIdered econOmIC to contmue the
operatIon, and Its crude has been allocated to the other refmenes

4324
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Figure 4·5 SchematiC of Darmanestl Refinery
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The YIelds from the crude and vacuum towers were determmed from the blend of crudes feeclmg
the umts and the column cut pomts For each crude feed, the assay proVIded mformatlOn on the
propemes of the SIde-draws These propertIes were blended to determme the overall stream
propemes Where two crude trams are operauonal, crudes were restncted 1f one of the columns
was ldentlfied as sUltable for low-sulfur feeds only

44 1 Development of PIMS Models of Five Major Refmerles

Stand-alone PIMS models of each of the five major refinenes were bwlt, WIth therr operatmg
capacllles producmg maXIDlUm YIeld for the urnts on SIte Fuel, electnc power, and steam usage
were lmnted to the feed rate Followmg that, the mulllplant PIMS model hnked the refinenes to
the domestIc and export markets The smppmg costs between the refinenes and the markets were
set for both refinery feeds and products

Downstream urnt YIelds were defmed relallve to a typICal feed composluon For hydrotreaters,
Vlsbreakers, and the FCC umts, the YIeld was modIfied as a result of feed sulfur For the
reformers, the YIeld was modlfied by the naphthenes and aromaucs content of the feed The

,...
B
L

Atm.Res Furfural ExtraetlOE
E

Vacuum N --+
DJ.s1Jllatlon Hydrofimshmg D

I
N
G

....
~Ydrogen Ilant

Propane
Deasphaltmg

.I I.1 Asphalt BlOWIng I
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Figure 4-6 Schematic of Astra Refmery

SectIon 4

44 PIMS LEAST COST EVALUATION - LARGE REFINERIES
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delayed coker yIelds were modIfied by the feed sulfur and concarbon content Product propertJes
(e g ,spec:tfic graVIty, sulfur wt%) were determmed mamly from the blended feed propertIes

The mtematIonal market supphed Imported crude at MedIterranean pnces to whIch transport
costs were added to gIve crude pnces at the refmery gate Thus, for refmenes near the Constanta
oil termmal, Imported crude pnces at the refinery gate were lower as a result of the lower Inland
transport costs The mternattonal market was assumed to be able to supply products to the
domestIc markets Agam, these were Mediterranean-pnced products to whIch transport costs
were added

No refmery was reqUIred to remam operatIOnal to support a market or asSOCIated petrochemIcal
complex The only global assumpnon was the requrrement that the domestIc crude productIOn,
currently processed by the five major refinenes, contmue over the tlme penod under study The
allocatIon of crude to the mWVIdual refmenes was deternnned by PIMS such that sector-WIde
refimng costs were mlD1mlZed The pnce of domestIc crudes was therefore not reqUIred smce the
tonnage of each was fixed and therr allocatIon determmed by refinery urnt effiCIency and market
demand for products

The domesttc market was dIVIded mto five regIOns centered on the Banat, MoldaVIa,
TransylVanIa, Dobrogea, and Muntema dIstrIcts For each of these regions, the demand for the
refinery gate products was specmed ThIs product demand was fixed and had to be satIsfied
eIther from the refmenes or from the mtematIonal market For each refinery, transport costs to
dehver the products to the regIOnal markets were applIed and depended upon the dIStance of the
refinery to the perceIved center of the regional market The speCIficatIons for the standard
products for the domestlc market WIth fixed demands are shown m Table 4-2

4-16
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Section 4

Where petrochemIcal complexes were hnked to refmenes, the feeds were allowed from both the
assocIated refinery and other domestIc refinenes The petrochemIcal by-products were returned
to the assocIated refinery or slupped to other refinenes for blendIng to final products Transport
costs were applIed to both the feedstocks and by-product transfers The maxtmum yIeld of
by-products from the petrochemIcal complexes was based on the total feed to the complex The
total flow of by-products to the refinenes dId not have to equal the maxnnum YIeld H the
refinenes found It econonnc to use a smaller amount of petrochemIcal by-products they could do
so, WIth the surplus assumed to be exported Exported petrochemIcal by-products were not
modeled
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Note Product of the DarmanestJ. refinery mcorporated mto the Rafo refmery model

Because product demands ill each regIon were fixed for each tlme penod modeled, there was no
requrrement to mcorporate domestIc product pnces m thIS model PIMS determmed whIch
source (refmery or mtematIonal market) could supply the product at the least cost Each product
ill each regIOn could be supphed from any combmatIon of refinenes and the mtematIOnal market

Lube oil products, because they were produced at only two refinenes, were not gIven a fixed
demand - a pnce based on the mtematIOnal market pnce was used Ifdemand had been fIxed,
then the model could have been dIstorted, smce It would have requrred eIther or both of these
reflnenes to operate

The refInery schemallcs are illustrated m FIgures 4-7 through 4-11 For the purpose of slIDphcIty,
not all blendIng and processmg optIons are shown Only those unIts that affect product yteld and
qualIty were modeled Furthermore, only those umts currently operatIOnal or due to be fully
cOmmIssIOned and operatIng towards the end of 1995 were conSIdered Umts that were to begm
COIDmlSSlOnmg tests leadmg mto 1996 were not modeled

4-17
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Table 4·2 RomanIa Product Specifications

Item Major Product Specifications

LPG Gasohne

Unleaded RON 87 max SPG076 max 1 wt% S nun RON 87

Leaded RON 87 max SPG076 nun RON87

Unleaded RON 95 max SPG076 nun RON95

Leaded RON 95 max SPG076 nun RON95

Dual-Purpose Kerosene (DPK) max SPG0825 nun smoke 20 mm

DIesel

020wt% S max SPG0825 max 02 wt% S nun cetane45

005wt% S max SPG085 max 005 wt% S nun cetane45

FuelOu

Low-sulfur max SPG0935 max 1 wt% S

Hlgh-sulfur max SPG0935 max 3 5wt% S

BItumen Coke

Needle

Anode max 1 wt% S

Fuel max 55wt%S

Section 4

A more detaIled descnptIon of the refinery model IS mc1uded ill the AppendIx
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Figure 4·8 Petrobrazi Process Flow Diagram
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442 PIMS Optimization Models

The optmllzatlon models were anned at mlDJmmug cost Thts wa.c;; normallyachteved by
m1Dlmmug product lTIlports and enhancmg refinery operatlon as defined by the PIMS margmal
value parameter Thts parameter mwcates for constramed Items how the refmmg mdustry gross
margm would vary for an extra urnt per day mcrease For example, 1fafter the run, the FCC urnt
at Petroffilwa were operatmg at maxnnum capacIty and the margmal value parameter equaled 20,
thts would mdIcate that 1f the FCC operatIng capacIty were mcreased by 1 tonne per day the gross
margm would mcrease by $20 per day

The PIMS global model mvestlgated refinery operatlon for the years 1995,2000, and 2005 The
procedure to achIeve least cost mvestment was as follows

• Step 1 The refinenes were modeled Without modIficatlon for the three ttme penods
Thts used the global supply of feedstocks and demand data for products for the
penod under study With the tmposed product charactenstlcs The global supply
allowed tmported feedstocks and products

Case Narne for Model Results Base (Base Case Model)

• Step 2 The crude tower cut pomts were modIfied and the three cases (1995,2000,
and 2005) rerun The mtent was to ahgn the column yIelds With the downstream urnt
capacltles and the fmal product reqUIrements TIns umfied the basIC refinmg
approach among the five refmenes and resulted m a sIgrnficant tmprovement ill the
sector's overall econOInlC performance

Case Name for Model Results A (Crudes Recut Only)

• Step 3 From the PIM:S modehng of the refinenes m 1994, total S02 emISSIOns and
total crude throughput for all five refinenes were calculated It was assumed that by
2005 the RomanIan refmmg mdustry would have to reduce these emtSSlons by about
80 percent, although thIS reductlon would be proporuonal to the crude processmg
rate TIns reductlon was consIdered reasonable and m lme WIth the European Umon
Large CombustIon Plants Drrec1J.ve

Thus, If the refinmg prodUCTIon doubled by 2005, the S02 eInlSSlOn would be allowed
to double after first fallmg by 80 percent, the result bemg a net declme of 60 percent
The 2005 case from Step 2, was rerun With

1) The amme and sulfur treatment umts revamped and taIlgas treatment umts
mstalled, and

2) The 60 percent S02 eIDlSSlon redUCTIon

The 2000 case from Step 2 was also rerun WIth the revamped umts IdenUfied above
but no S02 llIDltaTIon set

Refmery Sector Modelmg Approach
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• Step 5 For the hIgh and low cases of Step 4, the senSItIVIty of the model to refinery
closure was conSIdered, WIth Arpeclum, Petrobrazl, and Petrotel sequentIally shut
down Rafo and Petroffililia have been IdentIfied as refmenes WIth strong capaCIty
loadmg and W1l1 therefore remam operatlOnal

• Step 6 The 2000 case from Step 3 was rerun WIth all revamps preVlously Ident1.fled
m Step 4 New umts were consIdered to be avatlable only by 2005

• Step 7 The case from Step 6 above was agam rerun for the mgh and low mvestment
scenanos, With each of the IdentIfIed refinenes sequenllally shut down

• Step 8 The base case for 1995 was rerun WIth the sequentIal closure of refmenes

The revampmg and addttlons descnbed above constltute the m.mtmum mvestment
requIrement affectmg the rIMS work These Improvements are termed the essentlal
Investments SInce they are reqUIred ill order to meet envlfonmentallegISlatlOn

Case Name for Model Results B (Essenllal EnVIronmental ActIons)

• Step 4 The revamped 2005 case was used to develop the mvestment plan EIther
the umts IdentIfied as constrammg the gross margm were revamped or adwtIonal
umts of thIs type were added to the refinery Where products are Imported, the ann
has been to revamp umts to ID1ll1m1ze the Imports The result IS a senes of cases that
Identtfy the lugh and low illvestment scenanos Wlth some sensItIVlty cases between

The Yield and utthty data for the new and revamped umts were drawn from the PIMS
hbrary of urnt operatIons ThIs hbrary furmshes data for major refmery umts, the data
bemg denved from eIther Bechtel files or hterature The mformatIon serves as a
rehable source of data and was consIdered SUItable for thIs study

Case Names for Model Results

- CI (HIgh Investment)

- C2 (Low Investment)

- C3 (C1 wlthoutDHT at Rafo)

- C4 (C3 Wlthout FCC revamp at Petroffilwa)

Case Names for Model results

- D 12 (shut down Arpechnn)

- E 1/2 (shut down PetrobrazI)

- F 1/2 (shut down Petrotel)

- G1 (shut down Arpechim and Petrobrazl)

- 02 (shut down PetrobraZl and Petrotel)

- 03 (shut down ArpechlID and Petrotel)

Refmery Sector Modeling Approach
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The UnIts reqmnng modIficatIon were deternuned from Table 4-4 The Rata atmosphenc column
WIth a pOSItlve margmal value was discounted smce the other atmosphenc unIt was well below
capaCIty The reason for thIs delta value was a small dIfference ill utility consumpnon for the
smallerumt

The SIgnIficant margmal values reported were for the kerosene and dIesel hydrotreaters In thIS
area, the market was 1lIlportmg products, hence, these unIts were consIdered 1lIlportant illvestment
Items to achIeve 2005 specIfIcatlons The FCC at PetrOmldIa, whIle feedmg the gasolme market,
was also conSIdered for expansIOn smce the margmal value was strong

All other posItlve margmal values were weaker and were assocIated eIther WIth gasohne
productlon or reSIdue upgradmg Smce the domestlc market was not defiCIent ill gasolmes, the
revampmg of hydrotreater and reformers was not conSIdered essennal LlkewIse, the Vlsbreaker
and delayed coker umts at Rato were not revamped smce the market was defICIent m fuel oil

Thts procedure ensured that the refinery mvestments were nurnmtzed, eIther to enhance the gross
margm of the global model or to reduce 1lIlports for the year 2005 scenano Workmg back from
the 2005 case reduces the number of cases studied wlule ensunng that the refinenes are developed
m accordance WIth market predIctlons of 2005

425
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ReVIew ofMargInal Values from PlMS Models

Section 4

4431

4 4 3 ReView of PIMS Outputs

The PIM:S results are tabulated ill the Appendlx In this sectlon, the PIMS optlnuzed results are
gIven for each of the mvestment scenanos, and a bnef explanatIOn of the solutlon IS presented of
the processmg umts on the SItes Table 4-3 lIsts the pnnclpal cases evaluated and Identlfies the
PIMS runs relevant to each case For each case, there are three PIMS outputs from whIch the
econOIIllC model IS constructed the 1995 model, the 2000 model, and the 2005 model

A global PIM:S model was constructed and represents a smgle modellmkmg the five major
refinenes for the year 2005 The crude UnIt cut pomts were modIfied for each SIte to maxumze
the YIeld of straight run products for downstream unIts and thus m1D1ID1Ze product Imports
EssentIal enVIronmental mvestments were assumed complete, namely the refurbIshment of the gas
desulfunzatlon and sulfur recovery umts From the results of thIs global model, the margmal
value study was performed

Table 4-4 shows the results of the PIMS runs The table gIves the optlmum operatIng capaCIty of
each unIt and the effect on the gross margm If the capaCIty of each unIt mcreases mdependently of
the others by 1 tonne For umts at therr maxmlum capaCIty, thIs delta on the gross margm IS

pOSItlve, for UnIts at the optlmum capaCIty, It IS zero WIth the cut pomt 1lIlprovements and basIC
envrronmental modIfIcatlons ill place, the delta values for the major constramed process UnIts are
as shown
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PIMS Model Number
Case Name Description 1995 2000 2005

Base Base Case Model 11 12 13

A Crudes Recut Only 17 18 19

B Essenual EnVltonmental Acuons 17 21 20

C1 HIgh Investment 17 44 29

C2 Low Investment 17 44 36

C3 As C1, but No DHf atRafo 17 44 35

C4 As C3, but No FCC Revamp at Petromuha 17 44 39

Dl Shut Down ArpechJm (Hlgh Investment) 52 45 32

D2 Shut Down ArpechJm (Low Investment) 52 45 56

E1 Shut Down Petrobrazt (HIgh Investment) 53 46 33

E2 Shut Down Petrobraz! (Low Investment) 53 46 57

F1 Shut Down Petrotel (Hlgh Investment) 54 47 34

F2 Shut Down Petrotel (Low Investment) 54 47 58

Gl Shut Down ArpechJm and Petrobrazt 76 73 70

G2 Shut Down Petrobraz! and Petrotel 77 74 71

G3 Shut Down ArpechJm and Petrotel 78 75 72

Refinery Sector Modeling Approach
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Table 4·4 Constramed Process Umt Delta Values

I
I
I
I
I
I
I
I
I
I
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I
I
I

OD91'8bno Minimum MaXimum Delta OperatlnQ Mlnunum MaxImum Delta
C••tltv M'llIIn Cap.cow Malllln
KTiP KTiP KTiP KTiP KTID KTiP

T PLANT BRAZI AT PLANT RAFO
11 CDUl DOM TiP 88718 00000 106080 00000 AT1 CDUl Rl TiP 2.5760 00000 25760 148193
T2 CDU2 DOM & IMP TiP 10264 00000 106061 00000 AT2 CDU2 R2 TiP 76061 00000 106060 00000

NHT NAP HOT 1 0&1 TiP 03396 00000 33333 00000 NHT NAP HOT 1 TR 1 TID 18180 00000 18180 07693
NH2 NAP HOT 2 0&1 TiP 15546 00000 2.7273 00000 NH2 NAP HOT 2 R2 TiP 06737 00000 2.6420 00000
LPR LT NAP REF (0&1 T/o 02767 00000 15151 00000 FPR RF NAP REF (TR 1 TI 09926 00000 15150 00000
MPR MD NAP REF lD&1 TI 00000 00000 15151 00000 FP2 RF NAP REF ITR 2 TI 09348 00000 15150 00000
FPR RF NAP REF 0&1 T 14550 00000 15151 00000 ARU COMB AROM UNITS TID 08650 00000 11660 00000
EXL ARO EXTRACT TID 01725 00000 9990000 00000 KH2 K&DHDT R2 TID 10392 00000 10400 00000
EXM XYLENE COMPL TID 00000 00000 9990000 00000 DH2 DISTHDT R2 TID 2.1360 00000 2.1360 11.2218
ISS NCSISOMTID 00000 00000 06000 00000 VH2 VGOHOT R2 TID 34844 00000 37270 00000
KH2 KERO&DSL TID 0&1 10610 00000 10610 44 6352 FCC FCC TOTAL CAP'( TID 33871 00000 36303 00000
DH2 GASOIL HDne &1 TI 10610 00000 10610 453431 HYM H2 EX PLT TiP 00000 00000 00227 00000
CCU CAT CRACKER TID 32726 00000 33330 00000 VBR VISBREAKER TID 10910 00000 10910 11 6906
DLC DICOKER DOM TID 00000 00000 15000 00000 DLC DICOKER m 1 TID 09090 00000 09093 85067

Dl2 OICOKER 0 & I TID 14821 00000 25000 00000

TPLANT PTEL AT PLANT PMED
Tl CDUl ROM CRUDE 21569 00000 40000 00000 ATl COUl MTID 106060 00000 106063 04845

2 2 6 '249 00000 110000 o 000 INH 1 2.4850 00000 24850 233205
NHT NAPHHOS-l MTID 13891 00000 21000 00000 LPR CAT REFORMER MTID 15150 00000 15150 188556
LPR CAT REFORMER M1 13000 00000 13000 20633 ARU COMB ARO UNITS 07891 00000 13470 00000
OHT OIST HYOROTRT M1 23000 00000 23000 33 3896 KHT LTIHY OIST HOT TID 10300 00000 10300 14464
CCU CAT CRACKER MT 21583 00000 34000 00000 DHT olSTHDT TID 01672 00000 21810 00000
HYM H2 EX PLT TID 00000 00000 oooso 00000 VHT OSL & VGO HDT TID 36285 00000 36850 00000
DLC DELAYED COKER M 13442 00000 17000 00000 FCC FCC TOTAL CAP'( TID 22540 00000 22540 467824
DAS OEASPHALTER MT 00405 00000 04000 00000 HYM H2EX PLT TID 00238 00000 00300 00000
FEU FURFAL EXTRACT 00687 00000 07000 00000 DLC DELAYED COKER MTID 22141 00000 35100 00000

DMW SOLV DEWAXING M 00464 00000 05000 00000 MTB MTBE UNIT TID 01060 00000 01060 00000
HOF LUBE HYOROFIN Ml 00245 00000 04000 00000

AX WAX TREATING MT 00219 00000 01000 00000

T PLANT ARPE
11 CDU1MID 00000 00000 106000 00000

~
107290 00000 11.5000 00000

NHT 20000 00000 2.0000 58456
LPR Ml 09365 00000 16000 00000
DHT Ml 08752 00000 30000 00000
CCU CAT CRACKER MT 41595 00000 48000 00000
HYM H2EX PLT TID 00000 00000 00200 00000
Bl VBU No 1 TID 00000 00000 18000 00000

B2 VBUNo2TID 01356 00000 18000 00000
HOC VGO H1CRACKER TID 03600 00000 03600 19960
HOW HYDRO DEWAXING 01483 00000 06500 00000
BIT BIT PRODUCTION T 00000 00000 06660 00000

I
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Section 4 Refinery Sector Modeling Approach

4432 Base Case Study

For the base case analySIS, the refmenes undergo no modification However, It IS assumed that
the operations of the refinenes would be planned usmg a lmear progranumng package

These base case models Incur no mvestment, and thus the refmenes are badly posItIoned to
satIsfy the envIronmental reqUIrements expected by 2005 The enusslOn of S02 from all the
refinenes exceeds the reqUIred 80 percent reductIon, WIth Petronudia producmg the worst result,
beIng about 10 tImes greater m 2005

It can be seen that the gross margm mcreasmgly falls With the difference between 1995 and 2005,
shOWIng an mcreased cost of $211 mIllon per year Crude refimng Increases from 88 to 155
mtlhon tpy to supply the nSIng market demand The additIOnal crude tonnage IS balanced
between IranIan heavy and Es Sider, WhICh mamtams the total sulfur m the feed at about
08wt%

4-28Romania Petroleum Downstream Restructunng Study
Ralionallzatlon and Cntlcal Investment Study - Rnal Report

Case A- Crude Recut StUdy4433

The major effect on the Industry IS the change of the market speCIficatIOn of dIesel from Ingh to
low-sulfur For the PIMS modehng, thIs IS assumed to occur In the year 2000 The result IS that
In 1995 the dIesel production In RomanIa IS In surplus By 2005, there IS slgmficant Import of
low-sulfur dIesel to supply the Increased demand In the domestIc market and a mtmmal export of
hIgh-sulfur dIesel

The refinenes produce low-sulfur dIesel by balanCIng the domestic low-sulfur crudes WIth the
hIgh-sulfur Imported crudes TIns IS partIcularly the case for ArpechlID, Petrobrazl, and Petrotel
The Rafo refInery receIves both local crudes and the low-sulfur Imported Es SIder crude In thIS
way, these refinenes produce a gas 011 that, after hydrotreatment m the eXIstmg umts, achIeves
the reqUIred 0 05 wt% sulfur

PetromtdIa produces hIgh-sulfur diesel from an IranIan heavy crude feed, whIch It then exports
The locatlon of thIS refinery has a ma.Jor mfluence on ItS operation Although the cost of
IIDpomng crude to the refinery IS relatIvely low, Petroffi1dla IS dIstant from the major domestIc
crude production, and If Its products are to supply the domestIc markets, they must compete WIth
the refinenes In the PIOleStI regIOn, wluch are nearer to the center of the large Muntema market
The Dobrogea market can be supphed from the mtematIonal market or the PIOlestI refinenes

10/15/97959 AMldlVn \97 547415474c005 doc

ThIs senes of models mvestIgated the effect of modIfyIng the cut POInts on the atmosphenc and
vacuum dlstlllatIon towers Refmery models m PIMS can be wntten WIth swmg-cut SIde-draws
from the crude and vacuum towers These streams are mtennedlate between the major draws and
can flow up or down to SImulate, wIthm each run, the effect of modIfymg the colunm cut pomts
WIth a smgle refinery model, the Increase In compleXIty of addmg one or two SWIng-cuts
produces an acceptable nse m run-tIme For thIS particular study, If swmg-cuts had been added
to all five refinenes, the time to achIeve solutIOn and mterpret the final result would have
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The ongmal cut pomts supphed by the refmenes are shown m Table 4-5

Table 4-5 Refinery Cut POints (0C)

been proInbItlve As a result, It was conSIdered sufficIent to recut the crudes outsIde of the
mulu-PIMS refmery model

The recutttng was performed usmg the PIMS assay CUttIng system With cut pomts that were
comparable to those on smnlar deep-conversIOn refinenes found m Europe, balanced With the
need to prOVIde sidestreams WIth YIeld and property attnbutes to SUIt the downstream processmg
unIts The st.ml1anty between the refinenes and the need to S1ITlP1Jfy the approach resulted m a
smgle cut pomt pattern bemg apphed to all the refmenes

429
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Item Arpechlm PetrobraZi Petromldla Petrotel Rafo

Naphtha / Light Dlsttllate 180 220 185 185 185

LIght DIstillate / Heavy DIstlllate 260 240 216 255 220

Heavy DIstillate / Vac Gas Od 370 350 380 370 350

Vac Gas Od / Vac ResIdue 550 520 550 525 520

Section 4

It should be stressed that no detaIled study optmuzmg the cut pomts for each refinery was
undertaken In a study of thIS depth, the crude assays, partlcularly of the domestIc crudes, reqUIre
greater definIuon and more detaIled mformatlon on the operatlon of the downstream processmg
unIts IS essentIal Even WIth thIs mformatlon, the market demand for products and assocIated
transport methods and costs would have to be performed m greater depth for each refmery to
ensure that the compleXIty of the refmery models was not exceSSIve m companson WIth the
marketlng data

For tlus evaluatIOn, the endpomt of the naphtha cut was extended to mcrease the YIeld of gasohne
products The reason for domg tlus was that whIle the domestlc market demand for gasolme 15

not m defIcIt the naphtha hydrotreater and reformers are underutIhzed The mcreased YIeld of
naphtha would Improve the profitability of the refimng mdustry by mcreasmg the export of the
hIgh-value gasolme WIth the gasohne endpomt extended, the naphtha draw becomes heaVIer,
Ingher m sulfur, With a lower vapor pressure, and lower octane The sulfur level rISe places a
greater stram on the hydrotreaters whIle the hIgher specIfic graVIty can have an 1ITlpact on the fmal
speCIfic graVIty of the gasohne pool The vapor pressure/octane effect may partIally offset one
another smce the lower vapor pressure of the naphtha draw may allow hghter components With
hIgher octanes to be blended more substantlally IDto the gasohne pool The reVIsed endpoillt has
been placed at 200°C, whIch IS conSIdered a reasonable comprorruse to maxImIze YIeld WIthout
the propemes adversely affectIng the fmal gasohne products
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WIth the new cut pomts, the gross margm reported by the model dId not Improve for the 1995
case For 2000 the Improvement was $3 nnlhon, for 2005 It was $10 J.lll1hon

WIth the new cut pomts, the crude processmg capaCIty mcreases for the year 2005, but for the
mtenm year, 2000, ArpechIm's crude processmg capaCIty falls 30 percent whIle PetrobrazI' s
capaCIty nses by a Simllar fIgure The sulfur content for the crude processed mcreases

For the vacuum gas Oll, It was assumed that WIth some modIficatIon to the vacuum illstIllanon urnt
It would be pOSSIble to achIeve an endpomt of 550°C at all the refinenes ThIs IS already reported
at ArpechIm and PetronndIa
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Naphtha processmg capaCIty mcreased WIth recuttmg the crudes from 3 to 35 millIon tpy m 2005,
a drrect result of the mcreased yIeld of naphthas from the atmosphenc towers DIstIllate
hydrotreatmg capaCIty IS reduced even though the crude feed sulfur has nsen, due to a
redIsmbunon of crudes to each refinery The model has been able to use the refmery unIts more
effICIently to meet the market demand The mcreased sulfur m the feed lS dealt WIth through
greater SOz elDlSSlOllS, as a drrect result of usmg htgher sulfur fuel Oll m the plant fuel system, and
through mcreased sales of hIgh-sulfur fuel Oll

As expected, the reVIsed cut pomts reduced the product Imports to the RomanIan domestIc
market, espeCIally for the year 2005 Export of naphthas and illstIllates from the refinenes to the
mternanonal market for 2005 mcreased from 2 5 to 3 7 nulhon tpy Supphes to the domesnc fuel
all market are also Improved, With Imports fallmg from 4 to 3 5 ml1hon tpy

The heavy dIstIllate endpomt was set at 360°C to ensure that the dlStillatIOn charactensncs of the
final dIesel could be met, espeCIally m future years ThIs endpomt was consIdered a reasonable
comprormse between the current refinery settmgs The deep cut reported for the gasOlI at
PetrormdIa was conSIdered too hIgh an endpomt for the future market reqUIrements

PetrobraZl, Petronnilla, and Rafo all produce dual-purpose kerosene (DPK) from the hght
dIstillate cut ThIS product covers the range of kerosene products from domestIc to aVIatIon use
Smce the model was found to be ImportIng tlns product, the range of tlns cut was mcreased untIl
hmIted by the speclficanons, pnncIpally the smoke pomt The endpomt of the hght dIstIllate was
set at 270°C ThIS cut pomt would be too hIgh for some markets, e g , for aVIatIon kerosene,
where a lower cut pomt would be necessary For the refinenes WIth kerosene hydrotreaters, thIs
Improved yIeld resulted m all the UnIts nsmg to full capaCIty In these cases, after treatment the
hght dIstillate could pass eIther to the DPK pool or mto the illesel pool The model would choose
the dIrectIOn to maxmnze gross margm For ArpechIm and Petrotel, the hght dlStIllate was eIther
hydrotreated or blended drrectly to dIesel The change of cut pomt for Petrotel would reduce the
hght dIStillate yteld at the expense of the gasohne, whIle for ArpechIm the yteld would also be
lower but predommantly due to the reductIon ofthe endpomt
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As preVIously found, the S02 emISSIOn fa:J.1s to meet the assumed reqwrement of 80 percent
reducnon by the year 2005 Thus, although thIS development tmproves the gross margm, It IS

msuffiCIent to meet the mtmmal reqwrements of the refinIng mdustry

The model shows for the years 2000 and 2005, the overall export of naphtha, gasohne, and
dIstillates decreases after these enVIronmental modIficatlons Sulfur exports Jump by a factor of 6
Imports of dual-purpose kerosene and low-sulfur dIesel mcrease shghtly whIle fuel oil Imports fall
for 2005 Imports of coke and bItumen tend to fall for hIgher sulfur products

Mer the addInon of the envIronmental restnctlOns (year 2005), naphtha hydrotreatlng remams
constant wlnle dIstillate hydrotreatment mcreases from 4 5 to 5 5 mIlhon tpy, winch removes
some of the feed sulfur FCC and cokmg capaCIty remam stable, the mcreased reSIdue Yield bemg
sent dIrectly to fuel all producnon ThIS mcreased producnon of fuel OllS per tonne of crude
mcreases the yIeld of hIgh-sulfur oIl sold to the domestlc markets

For thIs senes of models, the assumpnon was made that the assays would be recut for 1995 and
apphed to 2000 and 2005 By the year 2000, modrlIcanons would be made to the sulfur recovery
umts (SRUs) ThIS IS contrast to the base case enVIronmental hmtts on S02 eIDlSSIons whIch
would not be Imposed nnW the year 2005 In thIs way, the RomanIan refmmg mdustry would amJ.

to reduce S02 emISSIOnS over a lO-year penod
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The gross margm for the PIMS runs Improves by $27 nnlhon m the year 2005 The
envrronmental restncuons reduce the crude processmg capaCIty by about 5 percent for the year
2005 The crude slate mcreases m sulfur from 0 86 to 1 27 wt% The refmenes are processmg
Ingher sulfur feeds smce they now have more efficIent SRUs Because of the Improved efficIency,
the umts no longer use plant fuel oil, they generate, as opposed to consume, Ingh-pressure steam,
but, as a defiCIt, consume more electnc power The model therefore Identlfies some advantage to
processmg Ingher sulfur crudes smce the fuel oil consumptlon falls, as a result of the export of
stearn from the SRU, whIch IS related to the sulfur productIOn In effect, the SRUs are stearn
generators The dISadvantage IS mcreased consumptlon of electnc power by the SRUs, whIch IS

more than offset by these other factors

The assumed modmcatlons to the refinery umts mclude the refurbIshment of the amme unIts, the
addInon of extra reactor stages to the current Claus plants, and the fittlng of new tali gas
treatment umts For Petrobrazt, where these umts have been moperanve for about 8 years, new
umts WIll have to be bU1lt The refurbIshment of the unIts will not only tmprove the sulfur
recovery but also reduce the utlhty reqUIrements ThIs has a slgm:ficant effect on the overall utlhty
usage and thus the gross margm

The conclUSIOn IS that revampmg the umts asSOCIated WIth sulfur recovery will Improve the
refinery performance The current umts are expenSIve to operate and faIl to achIeve the sulfur
recovery assocIated WIth refinery operanons m Western Europe After revampmg, the fuel 011
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It was assumed that the revamp of the hydrotreaters could be achIeved by the year 2000 whIle the
addItIOn of new umts and revamp of the FCC at PetroIDldIa would be completed by the year 2005

The refmery mvestment studIes covered scenanos of hIgh mvestment and low mvestment, WIth
some mtermedlary cases The hIghest level of Investment was IdentIfied from the PIMS run of
2005, WIth the essenllal envrronmental modlficallons m place Investments were made to umts
whIch were shown to have the greatest lnlpact on the gross margm and where It was conSIdered
that the revamped or new umts would reduce the hIgher value product Imports Therefore, umts
that produced dual-purpose kerosene and dIesel were of partIcular mterest The econOmIC results
of these cases are summanzed In SectIOn 4 6

produCllon from the refmenes mcreases whtle the YIeld of other products IS unaffected The
overall loss of crude to refmery fuel IS reduced The model finds that there IS no longer a penalty
m producmg fuel gases WIth hydrogen sulfide, and m fact there may be some benefit Hence, the
crude feed SWItches to a hIgher sulfur level and dlsll11ate hydrotreaters operate at greater capacIty,
allOWIng lower sulfur products to be produced that better fit the market reqmrement Thus the
refinmg mdustry contracts by the year 2005 after the refurbIshment, but the product unports
remam nearly constant due to an unproved converSIOn per tonne of crude

Case Cl -HIgh Investment Study For thIs study, the followmg lnlprovements are assumed to
be made

• Dlsnllate hydrotreaters at Petrobrazt, Petrotel, and Rafo are revamped and new
capaCIty mstalled Revampmg these umts lffiphed Improvements to catalyst and
control systems and Improvements to the utility consumpllon For the eXlstlng umts,
the revamp should mcrease capaCIty, Improve hqmd YIeld, reduce gas productIOn,
1ID.prove desulfunzatlOn levels, and reduce utility consumptIOn

• Kerosene hydrotreaters at Rafo and PetromIdIa are revamped WIth lnlprovements to
the control system, the addInon of new catalyst charges, and unprovements to the
utility usage ThIs should mcrease hqmd YIeld by reducmg gas producnon and
1ID.prove utJ.hty consumpllon

• The dIstIllate hydrotreater at Arpechun are modIfied so that It can be used m blocked
operallon desulfunzmg dlStl11ates or vacuum gas oIls TIns should Improve catalyst
performance, reduce hght gas productIOn, and reduce utJ.hty consumpnon The
ability to desulfunze vacuum gas 011 will become mcreasmgly necessary as
enVIronmental restrlcllons apply and will make better use of the processmg capaCIty
ofthls umt

• The FCC at PetromIdIa IS revamped to mcrease capaCIty by 30 percent
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The results up to 2000 are the same as for the hIgh mvestment study The followmg dISCUSSlOn
compares the hIgh- and low-level mvestment smdies ill the final year of study

Case C2 - Low Investment Study For thIs case, the assumpnon IS made that no new umts are
constructed other than those reqUIred at PetrobrazI for the envrronmental requrrements The
work will therefore concentrate on revampmg and refurblshmg unIts as specIfied ill the hlgh
illvestment scenano ThIS revampmg IS assumed to be complete by 2000

Companng the results from the 2005 case With the case where the essentIal envrronmental actIons
were complete shows the crude consumptIon to nse from 17 to 19 nulhon tpy The crude slate
moved from 1 27 to 1 15 wt% sulfur WIth Es SIder crude consumptlOn nsmg by 2 3 milllon tpy
The gross margm lffiproves by $39 :nnlhon

Companng the results for the 2000 case ill the same way, one can agam see that gasolme exports
nses and hIgh-sulfur dIesel exports IS reduced The Import of kerosene has illcreased, but overall
the dIstillates Imports are substantIally reduced by 50 percent Fuel OIlIIDp0rts are shghtly down
but coke Imports remam constant These results are conSIStent WIth the loadmg of the process
umts
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The illcreased hydrotreatmg capaCIty results m the refmenes repoSItIomng therr productIon to fit
the Romaman market reqUIrements m dIstillates and Improve exports The debottleneckmg of the
dIstillate hydrotreaters enables the refinmg mdustry to process Imported crudes whlch offer hIgher
ytelds of dIStillates and naphthas The Improved FCC capaCIty at PetrOmIdla illcreases the
productlon of gasolmes whIch are effectIvely exported

The exports for 2005 mcreased for naphthas and gasolmes. and the refinenes are now able to
export both hlgh- and low-sulfur dIesel Imports of dual purpose kerosene are reduced from
196.000 to 50,000 tpy, wh1le low-sulfur dIesel Imports are reduced to zero Fuel oil and
coke Imports remam constant The mcreased crude refined IS therefore bemg used to
lffiprove gasohne and dIstillate productlOn, WhICh IS reflected m the mcreased hydrotreatmg
capaCIty of the assocIated umts The mcreased yteld of resIdue due to the hlgher crude
loadmg IS reflected m the rue m FCC capaCIty from 5 to 5 6 1D.1lhon tpy Smce the cokmg
capaCIty remams constant. a greater proportlOn of the resIdue flows drrectly to the fuel Oll
pool to mamtam fuel Oll productlOn

In 2005, the dIStillate hydrotreatment IS hmttlng, and the crude slate IS heaVIer and higher ill sulfur
ThIs reduces the dISullate yIeld per tonne of crude refined WIth the yteld of reSIdue bemg
mamtamed Crude processmg capaCIty for the mdustry falls from 19 to 175 mtlhon tpy Thus,
overall the flow of dIst1l1ates IS reduced to SUIt the hydrotreatmg capaCIty available, while the
resIdue flow rate falls less so With cokIng capaCIty remammg constant

Exports of naphtha and gasolme fall as a result of the shift of crude feeds The hnuted
hydrotreatIng capaCIty for dIst1llates causes the overall dIstl1lates exports to nse, but thIS rue IS
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ThIs result IS somewhat of a compromlSe between the strategIes above

Exports of naphtha are comparable Wlth the lngh mvestment case whlle dIstIllates agam SWItch to
hIgh-sulfur wesel (compare low mvestment scenano)

due to a sharp nse m the export of lngh sulfur dIesel There are no longer low-sulfur diesel
exports

Imports of low-sulfur diesel and DPK nse sharply Fuel all Imports nse shghtly wlnle coke and
bitumen Imparts remam constant
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The results are the same as for the high mvestment study to the year 2000 Thus, the followmg
dISCUSSion compares the changes that occur m 2005 The crude slate becomes heaVler, reducmg
the processmg of Es Sider by I mtlhon tpy and mcreasmg Iranlan heavy by a smular amount The
changes m slate have only a small Impact on sulfur level of the feed

Case C4 - IntennedIate Investment Study 2 Tlns study agam uses the lngh mvesUllent study
and, as above, does not mclude the new Rafo dIstIllate hydrotreater In addItIon, the FCC urnt at
Petroffilma IS not revamped The aim here was to reduce mvestment by mvestIng only m those
Items havmg a major effect on the gross margm but m domg so also atm to reduce product
tmports The FCC revamp at PetrOffilma would mamly mcrease gasolme productIOn. Smce
Romama IS an exporter of this product, mcreasmg the capaCIty of tlus urnt would raise the gross
mar~nbymcreasmggasolmee~orts

Case C3 - IntennedIate Investment Study 1 For tins senes of runs, the lngh mvestment study
IS used but no new dIStIllate hydrotreater IS constructed at Rafo This optIon was chosen smce the
Rafo hydrotreater showed the smallest effect on gross margm per tonne of distillate hydrotreated

Imports of low-sulfur dIstIllates also nse whlle fuel all unports fall margmally The change m fuel
OlllIDPOrts shows the refmenes have Improved the supply of fuel all to the domestIc market Thts
IS due to a number ofmmor changes between the runs, e g, a small mcrease oftota! crude refined
and an mcrease m the usage of ArpechIm's Vlsbreakmg capacIty These factors account for the
nse m fuel Oll productIon of 0 23 mJ.1hon tpy

Agam, the early years of thIS study are IdentIcal to the early years m the htgh mvestment scenarIO
The results show the crude refimng capaCIty and blend of crudes to be smular to the first
mtermedIate mvestment study The exports of gasolme are reduced as expected Hlgh-sulfur
dIesel IS agam the only dlstIllate export Imports are stmJ.1ar to those m the first mtermedlate
study

The refinery shutdown cases were run With both one and two refinenes closed The smgle
refinery shutdown cases were run under two scenanos These are dIscussed below

4436
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The fuel OlllffipOrts m 2000 are greater for the case WIth Arpeclnm closed, winch comcldes WIth
lower levels of sulfur m the 1.Il1ported crude feed and mgher exports of wlnte products The
reverse 18 the case when eIther of the PlOlestr refinenes 18 closed

For the year 2000, crude oll refmed nses shghtly on closure of the refmenes Because Petrotel 18

operattng at only 20 percent of smgle-tram capaCIty, closure of tlus refmery has the least effect on
the operatron Closure of Petrotel or PetrobraZI benefits Arpeclnm, thus, at thIs tnne, the PlOlestt
refinenes are not transferrmg productron between the two centers

Companson of the cases for the year 1995 show refinery closure to have a much smaller effect on
crude refmmg capaCIty and product lIDports/exports The closure of Arpeclum benefits Petrotel,
whlle the closure of either of the PlOlesll refinenes benefits Arpeclum dIrectly The smaller
domesttc market IS unable to support the five larger refinenes so closure of any refinery 18 qUlckly
absorbed by the other SItes

For the three refinery closures, naphtha hydrotreattng IS lowest when Arpechlm IS closed With
d1stlllate hydrotreatment lughest ThIs IS due to a combmatton of factors, mcludmg the naphtha
and d1stl1late hydrotreaung capacrtLes avatlable at the drfferent SItes, the crude processmg levels,
and the crude blend quallues Cokmg capaCIty IS greatest when Arpechlm IS closed for reasons
menttoned above, whlle FCC capaCIty IS lowest
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SectIon 4

HIgh-investment Study For tins senes of mvestrgatrons, Arpeclum (Case D1), Petrobrm (Case
E1), and Petrotel (Case Fl) were shut down one at a tnne (1 e , three scenanos WIth fOUf
operanng refmenes) For the 2005 cases, the closure of refmenes produces a fall m the total
crude refined The total export of gasolmes and naphtha falls from 3 7 n:ulhon tpy to about 2 2
millton tpy Imports of these products nse, partIcularly WIth the closure of eIther of the PlOlestt
refmenes, PetrobraZl. or Petrotel By companson, fuel olllffiports notrceably nse when Arpeclum
IS closed while they fall when closmg the other refmenes TIns latter result was not unexpected
smce Arpeclum has no delayed coker for upgradmg resIdues but does have Vlsbreakmg capaCIty
that IS sUlted to fuel 011 productton Furthermore, the close proxnmty of the PlOlesu refmenes to
one another and the Muntema market result m these refinenes transferrmg some of the productton
on closure

Low-Investment Study As m the case of the lngh-Ievel study, three refmenes were closed one
at a tnne The cases are referred to as Arpeclnm (Case D2), PetrobraZl. (Case E2), and Petrotel
(Case F2) For the years 1995 and 2000, the cases are as above For 2005, the total refmed
crude falls from 17 5 to 15 ml1hon tpy The gasolme and dl8tlllate exports are reduced, WIth
Arpech1.Il1's closure havmg the greatest effect Fuel Olllmp0rts mcrease when Arpeclum 18 closed
Closure of PetrobraZl. and Petrotel has a smaller effect on these lIDpOrts When eIther of the
PlOlestt refmenes IS closed, some of the remammg refinenes benefit ill terms of capaCIty used If
Arpechlm 18 closed, no other refinery has a clear advantage The hydrotreaters at all the refinenes
operate at reduced capacltres ill the refinery closure scenanos
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45 ECONOMIC EVALUATION

For the refinery closures, the highest level of naphtha hydrotreatment occurs when Petrotel and
Arpechtm are closed, this case also proVIdes a hIgh degree of dJ.stlllate hydrotreatment

Rafo and PetrOImdIa are not consIdered for closure smce they show strong performance through
all three penods of study

FCC capaCIty falls from about 4 4 millIon tpy to about 3 3 millIon tpy when all the refmenes
operate, and IS mdependent of the specrfic refmery or refinenes closed
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Two-Refinery-Shutdown Study In tlus senes of mvestIgatlons, two refinenes were closed
smlUltaneously Three scenanos, each WIth a drlferent comhmatlon of closed SItes, were
evaluated The cases are referred to as

• G1 - ArpechlID and PetrobrazI closed

• G2 - PetrobraZl and Petrotel closed

• G3 - ArpechIm and Petrotel closed

In the evaluatIon of each of these scenanos, the hIgh mvestment case (as m Case Cl) was used for
the remammg operallonal refmenes wlnle mvestment m the closed refinenes was ehmmated

Closure of the refinenes causes about a 35 percent fall m total crude refined m the year 2005
Because of the fall m total refinmg capaCIty aVaIlable, the transfer of capaCIty between the
operatmg centers IS now restncted When operallng, ArpechIm does not show any tmprovement
m capaCIty on closure of the PIOlestJ. refmenes For the other two cases, closure of ArpechIm and
one of the PIOlestl refinenes results m the other PIOlestI refmery raIsmg crude throughput by about
20 percent ThIS would appear to be a 10callonal advantage smce the PIOleStI refmenes are
relatIvely close to one another and the center of the Muntema market ArpechIm, by companson,
IS also the most dJ.stant from the mtematJ.onal market for the tmport of crude feed

The whIte product exports for 2005 fall from the ongmal five-refmery figure of 3 7 n:nl1Ion tpy to
between 06 mtlhon tpy (Case G3) and 1 0 mllhon tpy (Case 02) As m the case of smgle-refmery
closures, Imports of these products nse although m the three refmery cases the gasohne and
dIstlllate mports are substantlal, eSpecIally for the case where both PI01estl refinenes are closed
(24 mI1hon tpy PetrobrazI and Petrotel closed) These IS as expected smce the PlO1estJ. refinenes
both have cokers, whIle Arpeclnm does not

The econonuc spreadsheet models of the five refmenes all use data dIrectly extracted from the
PIMS outputs and covenng

• Crude utIhzatIon by refinery

• Other feedstocks, mcludmg petrochenucals by refinery
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Each economIC model uses three sets of PIMS runs to proVIde data for 1995, 2000, and 2005 It
IS assumed that the data for 1995 apply to all years from 1995 to 1999, mclusIve, data for 2000
apply to 2000 to 2004, mcluslve, and 2005 to the years from 2005 to 2015

4 5 2 Refining Fixed Costs

Refmery fixed costs are generally of second order of Importance to overall refInery econOffilCS 
the gross margm (product value mmus feedstocks) IS more Important To proVIde a reahsttc, but
not overcomplex representatIon, the refinery flXed costs were dIVIded as shown below

These costs mclude mamtenance expendIture and msurance of the plant. They have been modeled
as a percentage of the replacement capItal cost of the refinery In the case of new mvestments,
the capItal costs of these mvestments have been used m the evaluatIOn In the case of the eXIstIng
assets of the refmenes, the replacement capItal costs have been esnrnated Insurance of the assets
can be a major cost, and thIS cost 18 often self-msured or carned by a Government In any case,
the charge each year can be thought of as the probability of a major loss occurnng multlphed by
the cost of the loss On tlus basIS, self or government msurance IS rarely slgmficantly cheaper than
commerCIal msurance

4 5 1 Product and Crude Cost and Price Assumptions

In the PIMS optllDlzatlons, no assumptlons were made about the pncmg of products for the
Romaman market or for Romaman crude ou The econOmIC model was run With three dlfferent
pncmg scenanos, as hsted below All reported results m tlus study are quoted usmg Pncmg
Scenano 3, as It IS the best representatlon of free market economICS

• Pncmg ScenarLO 1 ThIS scenano assumes that current Romaman domestIc pnces
would apply m 1995, and market pnces based on MedIterranean pnces would apply
from the year 2000 Between 1995 and the year 2000, pnces are assumed to
gradually ahgn to MedIterranean pnces m a hnear fashIOn

• Pncmg Scenano 2 ThIS scenano IS based domesttc crude pnces equal to Import
pnces less the cost of transport to the port of entry

• Pncmg Scenarzo 3 TIns scenano IS the same as pncmg Scenano 2, but WIth
domestlc crude pnces at lmport panty pnces
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Capital-Dependent Costs

• PetrochelDlcal sales by refinenes to petrochelDlcal complexes

• Refined product sales by regIon and by refinery

• Utthtles consumptlon by refinery

Section 4
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Section 4 RefInery Sector Modeling Approach

The model permIts sensITIVIty analySIS to be performed on a number of parameters (e g , capItal
costs, product pnces) by varymg SenSITIVIty parameters globally across all models The model can

These costs have been assumed to be based on a percentage of sales revenue The allowance IS

mtended to cover all overhead costs, apart from those menTIoned above These overhead costs
would mclude fmancmg of workIng capItal, sales costs, bad debts, commumcaTIon costs, legal and
audit fees, etc DeprecIauon and capItal recovery have been excluded

4 5 3 Capital Costs of Improvements

The capItal costs of the VarIOUS Improvements have been estlmated based on data from past
refinery projects and from curve type estlmates The costs have been adjusted to take account of
the very sIgmfi.cant advantage of a large and competent Romaman eqUlpment, engmeenng, and
construcnon mdustry

4-38Romania Petroleum Downstream Reslructunng Study
Rationalization and Cntlcallnvestment Study - Final Report

Overheads4523

4522 Employee Costs

These costs have been estlmated based on data provIded by the refinenes for the number of staff
employed and the total cost of all employee benefits Average co~ts per employee m the
Romaman refmmg mdustry are currently very low, but the numbers of employees are very lugh
and the total cost of employees IS therefore not excepTIonally low It has been assumed that over
the penod for whIch thIs evaluaTIon IS projected (1 e , untI12015) employee numbers will be
reduced and salary levels nse However, the total cost of employees has been assumed to be
constant

4524 Taxation and Fmancmg Costs, etc

The prmcIpal objectIve of the exerCIse has been to examme the refinenes m the context of therr
added value WithIn the Romaman economy, and for thIs reason, taxaTIon, whIch IS merely a
transfer from the enterpnse to the government, has been excluded Smce the eXIstmg assets,
mcludmg stocks, are a sunk cost, the cost of financmg these assets has also been excluded from
the analySIS NeIther of these effects will have a sIgmficant Impact on the seleCTIon of the most
advantageous development path for the Romaman refmenes

45 4 Refmery Spreadsheet Economic Models

The refinery fmancial spreadsheet models draw therr data drrectly from PIM:S spreadsheets and
from the pncmg scenano and parameter spreadsheets The models are annual cash flow models
covenng the years 1995 to 2015 TIns penod was selected to allow 10 years of operaTIon after
the last major capItal mvestment (2005) The spreadsheet model mcludes an analySIS of the
revenue from products and of all costs, mcludmg the cost of transport, to each market for each
product
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45 8 Prmclpal Assumptions

The cash flows have been analyzed on the basl8 of therr NPV The models dlfferenttate between
local and foreIgn exchange costs, and these are reported separately

also mcorporate general mflatton The model IS denommated m a smgle currency Smce all crude
ous and products are traded mtemattonally m U S dollars) all calculattons have been carned out
m constant 1995 U S dollars

The consohdated summary spreadsheets evaluate the nnpact ofdevelopments on the overall refinery
sector Often, a case will show a Slgmficant drop mthe perfonnance ofone refinery) but an overall
mcrease mthe perfonnance of the sector due to the gam achIeved by the other four refinenes
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GIven the hke1y feasIble ttme scale for Improvements, It has been assumed m most cases that
refinery operattons will not be affected by any acllons resulttng from thIs analysIs untIl after
January 1997

The overall structure of the models conSISts of a number of spreadsheets that extract data, such as
product volumes and pnces, from the source files Product volumes and pnces are then multtphed
to yIeld each cost or revenue component The first three spreadsheets of the model proVlde the
consohdated summary of the econOmICS

456 Comparison with the Base Case

The pnmary purpose of the analySIS 18 to support decl8Ions on the future configuratton and
capaClty of the refmmg mdustry m RomanIa In thIs case, the dlfference between optIons 18 the
pnmary focus The spreadsheet models have all been bUJ.1t to mclude two dIfferent cases and to
compare the two cases For example) the case of recutttng the crudes (Case A) can be compared
WIth the case where no capItal mvestment IS carned out In thiS way, the Improvement brought
about by each capItal mvestment optton can clearly be Identlfied

458 1 Product Demand

Table 4-6 shows the assumpttons made about the demand for refmed products by regIOn m
Romama

45 7 Consolidated Romama Refining Economics

TIns model consohdates the output ofall five major refinery models The consohdated model mc1udes
the overall econoIDlcs spreadsheets for each refinery for the new case, base case) and the dlfference
between the two (three spreadsheets per refinery) The consohdated model also adds each ofthese
three spreadsheets from each offive refinenes to produce the overall new case) base case, and
dlfference
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Section 4 Refinery Sector Modelmg Approach

Table 4-6 Refmed Product Demand Assumptions

I
I
I
I
I
I
I
I
I
I
I
I
I
I

Muntenla Dobrollea TransYlvania MoldaVIa Banat Total

Yearntem Demand Figures In Tonnes per Day

1995

LPG 735 125 225 190 59

RONL87 206 13 285 166 141

RONC87 0 0 0 0 0

RONL95 1909 214 1063 374 420

RONC95 440 42 412 56 90

Dual PUIpose Kerosene 646 20 273 153 45

Low-Sulfur DIesel 0 0 0 0 0

HIgh-SuIfur DIesel 1337 715 2655 1215 611

Low Sulfur Fuel 011 502 133 2967 642 143

HIgh Sulfur Fuel 011 5246 788 2,136 3610 166

BItumen 667 0 91 0 0

Needle Coke (ex Darmanestl) 0 0 ° 109 0
Low Sulfur Coke 991 0 0 0 °Fuel Coke 1061 1818 0 779 0
Lube 011 Products -ill. __0 __0 __0 __0

--
Total 13924 3868 10107 7294 1675 36868

2000

LPG 922 156 283 239 74
RONL87 218 14 301 176 149
RONC87 150 14 137 19 30

RONL95 2016 226 1,122 395 444
RONC95 724 69 671 91 147
Dual-PUIpose Kerosene 767 24 333 182 53
Low-Sulfur DIesel 5976 869 3239 1478 743
HIgh Sulfur DIesel 0 0 0 0 0
Low Sulfur Fuel 011 644 171 3800 823 183
HIgh Sulfur Fuel 011 5267 791 2145 3624 167
BItumen 1125 0 94 ° 0
Needle Coke (ex DarmanestJ.) 0 0 0 116 0
Low-Sulfur Coke 1025 0 0 0 0
Fuel Coke 1097 1880 0 805 0

Lube Oil Products ---.lli __0 __0 __0 __0 --
Total 13495 4214 12,125 7948 1,990 39772

I
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Muntenra Dobro!lea Transvlvama MoldaVIa Banat Total

VearJltem Demand Rgures In Tonnes per Day

2005
LPG 963 163 296 250 77
RONL87 17 11 237 138 117
RONC87 374 35 342 46 75
RONL95 1578 178 884 311 350
RONC95 1813 171 1670 226 365
Dual Purpose Kerosene 911 28 404 216 63
Low-Sulfur Thesel 7426 1074 4012 1827 918
HIgh SUlfur Thesel 0 ° 0 ° 0
Low Sulfur Fuel 011 1290 342 7615 1,650 367
High Sulfur Fuel 011 2,999 456 1165 0 96
Bitumen 1,162 0 97 ° 0
Needle Coke (ex Darmanestl) 0 0 0 116 0
Low Sulfur Coke 1058 0 0 0 0
Fuel Coke 1,133 1942 0 832 0
Lube 011 Products ~

__0 __0 __0 __0 --
Total 20908 4400 16722 5612 2428 50070

Note Excludes Surplacu productton and smaller refinery consumptton

Table 4·7 Domestic Crude Production by Region

4582 Crude AvaIlability

Table 4-7 shows the assumpnons made about domesnc crude productIOn by regIOn m Romama

4-41

Refinery Sector Modeling Approach

Table 4·6 (Cont'd)

Romania Petroleum Downstream Restructunng Study
Rationalization and CritiCal Investment Study - Final Report

Region 106 tpy Percent

Muntema (PIOlestt I Pltestt) 4268 776

Moldova (Rato) 0610 111

Black Sea 0622 113

Total 5500 100

Section 4

4583 Product Pflcmg

Product pncmg has been based on the data proVlded ill SectIon 2 of thIs report for the
MedIterranean market The followmg three product pnce sets are reqmred for each evaluatlon

• Products Importedjrom the World Market to Meet Shortfalls In Supply to Partzcular
Regwns In Romanza These products have been pnced at MedIterranean pnces plus
the cost of transport to the market
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The pnce generated represents the pomt of mdrfference for the Romaman refinenes, 1 e , the pnce
mcludes the cost paid for transportmg lmported crude to RomanIa If the poslUon of the
RomanIan crude 011 producer IS conSIdered, then therr next best alternatIve would be to sell the

Data for pncmg have been proVided to the spreadsheet model for the years 1995,2000, and 2005
Pnces for years between 1995 and 2000 have been lmearly mterpolated between these years
Pnces for years between 2000 and 2005 have been calculated slmtlarly Pnces for years after
2005 have been assumed to be the same as 2005

4 584 Crude PflClng

The pnce of lIDported crude 011 has been based on the data prOVIded earher m thIS report by
Bonner & Moore The transport cost of smppmg the crude to Romama and transportmg on to
the rermenes has been shown as a cost

RomanIan domestIc crude IS not traded mtemationally, and a market pnce IS not aval1able All
crude Olls are dtfferent Some crude otIs, hke the Romaman crudes, have httle sulfur and are more
valuable for thIs reason Other crudes contam a relatively hIgh proportIon of the more valuable
hght products To generate a fatr market pnce, SIgnIficant cargoes of RomanIan crude otIs would
have to be traded so that Its value to refinenes m market economtes could be farrly Judged As a
substitute for thIS, the value of the Romaman crude to the Romaman refinenes has been estimated
usmg the PIMS model of the refinenes The method of carrymg out thIs valuatIOn IS descnbed
below The method proVides the breakeven pnce to the refinenes when compared With the
altematlve of processmg an lffiported crude Oll, 1 e , It proVides the refinenes WIth the same gross
margm as processmg a barrel of lIDported crude
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Section 4

• Products Exported to the World Market That Have Been Produced m Excess by
Romanzan Refinenes These products have been pnced at MedIterranean pnces and
the cost of transportatIon to the MedIterranean has been charged, 1 e , the pnce
reahzed by the Romaman refmery IS Medtterranean less transportation cost

• Products Sold on the Domestlc Market These have been pnced accordmg to the
pnce scenanos mentioned prevlOusly Where pnces are referenced to the
Medtterranean market, It IS assumed that the Romaman refmenes wtll charge the
same as lIDpOrts, 1 e , the pnce m each Romaman market IS the MedIterranean pnce
plus the cost of transpomng product from the MedIterranean market to the
Romaman market Tlus pnce basIS IS the most favorable to the RomanIan refmmg
mdustry, but does have cost Imphcatlons to other mdustnes m RomanIa m that they
will be paYing a premtum over mdustnes located m countnes that can purchase
products at MedIterranean pnces Without a premtum TIns pnce basIS also Ignores
the pOSSIbility that other reglOnal refiners mtght be attracted to sell to the Romaman
market because of the premtum over the Medtterranean market pnce The cost of
transportmg product by the Romaman refmery to the domestic market IS charged as a
cost to the refinery
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Quantlty of Crude A (tonne)

It IS true that If the refmenes competed With one another for the domestIc crude all, then each
refinery would be willmg to pay a pnce eqillvalent to Its next best alternatIve, whIch would be to
mport foreIgn crude In that case, the pnce advantage would actually flow to the Romaman
crude 011 producer and not to the rermery

The pnce of the SIX domestlc crudes was determtned by runnmg the PIMS models of the global
refinmg mdustry over three tlme penods 1995, 2000, and 2005 For the 1995 case, the refinenes
were assumed to be operatlng as they are now WIth only cut pomt modtficatlons (Case A) For
the other two penods, the essentIal enVIronmental modIficatIons were assumed to be m place
(Case B)

CalculatIons of the base case NPV of the Romaman refinmg mdustry were undertaken usmg pnce
scenanos that reflected both cases, 1 e , the locatIon value captured by the refmenes and the
10catlon value captured by domestlc producers Because all further econOmlC evaluatlons, With
crude volumes held constant, were based on the dtfferentlal between proposed tmprovements and
the base case, the actual crude pnce value no longer had any Impact on the change ill NPV
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Cash Generated 100%
Value of Crude A ($/tonne) = DomestIc Crude A ($)

Section 4
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The margmal value functlon m PIMS also prOVIdes a pnce for each domestlc crude, smce the
optnnum solutlons are always constramed by domestlc crude availability ThIs margmal value
represents the pnce that PIMS would pay for 1 addItIonal tonne of domestIc crude to dISplace

crude on the Medtterranean market To do thIS, they would mcur transportatIon costs for
shIppmg the crude to the market, 1 e , the pnce generated by PIMS offers the Romaman crude all
producer a premIUm Thts premIUm IS generated because the refinenes are located ill Romama
As thIS advantage ill locatIon farrly belongs to the refinenes and not to the crude 011 producer, the
pnce generated has been adjusted downwards to the pnce that the crude all producer would earn
If the all were sold on the Medtterranean market, 1 e , all the advantage m locatIOn IS gIven to the
refinenes and the transport premIUm IS deducted

The process by whIch the crude pnce for each of the SIX crudes was estabhshed was to run the
PillS model at three rates of crude availability Thus, for the year 1995 the model was run With
the full slate of Romaman crudes fIXed and Imported crudes allowed as reqmred at the
mtematlonally denved pnce (tlus IS the normal reported results for the case) ThIS procedure was
then repeated With one of the SIX domestIc crudes fIXed at about 50 percent of Its productIon rate
Then, a thrrd run was completed WIth thIs crude flow at zero DlVIdmg the change m margmal
value (the cash generated) by the change m crude rate (volume of crude oll) estabhshed the value
of the crude
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The procedure was repeated for the other five crudes to estabhsh the market pnce of each In
1995, and repeated agam for the years 2000 and 2005 The pnce of the crudes for the three
penods was then reduced by the cost of transport from the field to the Meillterranean to gIve the
values shown m Table 4-8

The declme m value as more domes1J.c crude OillS avaIlable 1S an Illustra1J.on of the law of
d1mm1shmg returns In the cases evaluated, the values illd not vary s1gnrficantly and the lowest
value was used

The method of valuanon Illustrated above will Yield a shghtly hlgher valua1J.on than one that 1S
based on a typ1Cal Meillterranean market The higher value 1S not cons1dered s1gmficant and IS
caused by the followmg

• The Romaman refinenes are defiCIent m sulfur removal capac1ty, and hence
low-sulfur crude oIls are more hlghly valued by Romaman refinenes than lugh-sulfur
crudes Romaman crude oils are low-sulfur

• The Romarnan refinenes have high converSIOn capability, hence do not need to run
hghter crudes to meet the demand for hght products ThIs reduces the premIUm they
would pay for hght crudes Romaman crudes are not hght

1 tonne of 1nJ.ported crude Thus, for three PIM:S runs carned out for each domestIc crude SlX

values can be calculated These are, In descendmg order of magmtude

• Margmal value for the first tonne of domes1J.c crude (PIMS run 0 percent of domestIc
crude)

• Value mterpolated between 0 and 50 percent of domestIc crude from gross margIn

• Margmal value for the next tonne above 50 percent of domes1J.c crude (PIMS run
50 percent)

• Value mterpolated between 0 and 100 percent of domestIc crude from gross margm

• Value mterpolated between 50 and 100 percent of domestIc crude from gross margm

• Margmal value for the next tonne above 100 percent of domestIc crude (pIMS run 50
percent)
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Table 4-8 Crude Values per Tonne at the 011 Field
In Current Dollars

Crude 1995 2000 2005
Muntema 1 1218 1319 1424
Muntema3 1284 1377 1474
Black Sea 1343 1428 1474
Moldova 1 1122 1198 1176
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Data for pncmg have been furnlShed to the spreadsheet model for the years 1995,2000, and
2005 Pnces for years between 1995 and 2000 have been hnearly mterpolated between those
years Pnces for years between 2000 and 2005 have been sll1111arly calculated Pnces for years
after 2005 have been assumed to be the same as 2005 The domesnc crude pnces used m Pace
Scenano 2 are based on the valuanon method descnbed above The domestIc crude pnces used m
Pnce Scenano 1 are snn.tlar to those for product pncmg, m that the pnces used for 1995 are
current RomanIan pnces, WhICh are allowed to become world market pnces over the penod 1995
to 2000

Table 4-9 shows the cost that have been assumed ill the modehng

4586 LOgIStICS Costs

All costs of movmg crude to refmenes from whatever source are mcluded m both the PIMS
evaluatIon and the econonnc model All costs of movmg product to each of the fIve regIOnal
markets m Romania or to the export market are mc1uded m both the PIMS evaluatlon and the
econonnc model Slffil1arly, the costs of transfemng petrochenncals and sennfimshed products
between refinenes and petrocheffilcal complexes IS also mc1uded m both the PIMS and the
economIC model

A dISCUSSIOn of the econonncs of the vanous petrocheffilcal facilitIes IS presented m SeCTIon 6
For the purposes of the refinery evaluanon, the followmg bases are used

• If the petrochenncal operatIon IS VIable, the demand for feedstock and the aVallability
of by-products as feedstock to the refmery are mc1uded m the model

• The pnce set for transfemng feedstock to the petrochenncals IS the mghest
acceptable to the petrocheffilcal operanon for contmued operanon If the pnce
reqUIred for feedstock IS lower than world market pnces, then the petrochenncal
operatIon IS deemed nonViable The feedstock will be supphed by the refinenes or
from the MedIterranean market Supphes from the MedIterranean market will be
pnced at Med1terranean market plus transport cost Hence, the refmenes Wl1l supply
feedstock only If It IS more effiCIent to do so, and the petrocheffilcal operatIon will
have alternatIve sources of supply should be the refinery not be able to supply
feedstock

• The transportaTIon costs of transfemng petrocheffilcals to and from the refinenes are
mcluded m the analysIS
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Moldova 2 1230 1358 1039
Moldova 3 1268 1382 1333

PetrochemIcals EvaluatIon

Section 4

4585
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Item

External Market to Refinery Arpechlm PetrobraZl Petromldla Petrotel Rato
CmdeOil 1112 994 687 993 1110
Urals Crude all 600 482 175 481 598
Methanol! MIBE 1238 1120 813 1119 1236
Natural Gas 000 000 000 000 000

Domestlc Crude all to Refinery Arpechlm PetrobraZl Petromldla Petrotel Rato
Muntema DIStnct 059 059 447 060 384
Moldova DIStnct 442 325 423 323 000
Black Sea 475 357 050 356 473

ArpechlID Refmery to Market Banat Dobrogea Moldavia Muntema Transylv Export
WhIte Products 775 590 833 285 649 1238
FuelOl1s 775 590 833 285 649 1112
SolIds 543 413 583 200 454 932

PetrobrllZl Refinery to Market Banat Dobrogea Moldavia Muntema Transylv Export
White Products 870 472 716 209 622 1120
FuelOl1s 870 472 716 209 622 994
SolIds 609 330 501 146 435 849

PetronudIa Refinery to Market Banat Dobrogea Moldavia Muntema Transylv Export
WhIte Products 1189 166 737 454 976 813
Fuel011s 1189 166 737 454 976 687
SolIds 832 116 516 318 683 635

Petrotel Refinery to Market Banat Dobrogea Moldavia Muntema Transylv Export
WhIte Products 871 471 714 210 623 1119
Fuel0Ils 871 471 714 210 623 993
SolIds 610 330 500 147 436 849

Rafo Refinery to Market Banat Dobrogea Moldavia Muntenia Transylv Export
WhIte Products 1021 588 468 503 728 1236
FuelOl1s 1021 588 468 503 728 1110
SolIds 715 412 328 352 510 931

MedIterranean Market to Domestlc Banat Dobrogea Moldavia Muntenla Transylv
Market

White Products 1909 785 1434 1092 1651
FuelOl1s 1783 659 13 08 966 1525

Inter Refinery Transfers Arpechlm PetrobraZl Petromldla Petrotel Rato
Arpeclum. Refinery to - 243 630 244 567
PetrobIllZl Refinery to 243 - 513 450
PetroIDldIa Refinery to 630 513 - 511 548
Petrotel Refinery to 244 511 - 448
Rafo Refmery to 567 450 548 448 -

I
I
I
I
I
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Section 4 Refinery Sector ModelIng Approach

Table 4-9 Transport Prices
($ltonne)

I
I
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Table 4·10 Employee Salaries

The basIS for mamtenance and msurance costs In the models was 1 percent and 0 5 percent of
capItal replacement cost, respecovely, WhICh IS In hne With mtemanonal refinery averages

4588 Refmery Fixed Costs

Refinery fixed costs have been estlmated usmg data furmshed from a number of sources The
total cost of employees has been esomated based on the data m Table 4-10 These data were
extracted from the budget data proVIded by the refinenes The d1screpancy between the total cost
per worker at Petromld1a and the other four sItes was noted, but no explanaoon was gIven

4 58 7 Refmery ConfiguratIon and Performance

A deta:l1ed dIScussIon of the PIMS models of each of the fIve major refmenes IS found In the
Appenchx. The Appenchx. also mcludes schemancs of the refmenes, detaJ.1s of capacioes of the
major umts, yIeld data on the processes, and a descnpoon of the procedure used to generate the
data for thIs model, Includmg the pro-forma quesoonnarres submttted to the refmenes
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Total Number Apparent Cost per Worker per Year
Refinery of Workers (1995 $)

PetrobrazI 7,800 2,800

Petrotel 6,490 2,700

ArpechlDl 3,390 2,900

Petronndla 4,760 4,790

Rafo 3,790 2,510

Section 4

The capItal replacement costs assumed for each refinery are summanzed ill Table 4-11

The cost of maIntenance and Insurance has been estlmated on the basIS of a percentage of the
replacement capItal cost of the plant ThIs replacement capItal cost In the model mcludes both the
eXlStlng faclhoes and the new capItal expend1ture descnbed below ThIs approach will result m a
much hIgher charge for annual mamtenance and msurance than has been the custom ill recent
years m Romama The raoonale for thIs hIgher number IS that

• It IS In altgnment WIth such costs at refinenes m other parts of the world However, a
lower than usual fIgure has been used for the annual charge In Romama to reflect the
fact that a large pornon of the mamtenance labor IS permanent staff of the refmery,
rather than contractors

• It must be suffiCIent to mamtam the eXlStlng eqillpment m an economIcally producove
and effiCIent condInon The recent level of mamtenance expenmture has clearly been
below a level that IS capable of ensunng safe and effiCIent operaoon of the refmenes
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Table 4-12 shows the estlmates used for capItal costs of new faClhtles

LIttle tnformatlon on overhead costs has been made available to the team It IS recognIzed that
overhead costs ill Romama are generally low, partlcularly as the cost of all staff has been mcluded
elsewhere A figure of 1 percent of sales revenue has been used to cover these costs whIch IS
typICal m other markets

The tIme value and nsk of future cash flows - often stated mformally as the fact that a dollar
today IS worth more then a dollar tomorrow - can be quantIfied by the present value process,
whIch IS done by a calculanon of a sum of the dIscounted cash flows To perform thIs calculallon,
one must dIscount each future cash flow from the specIfic pomt m the future back to

The final result of the econOIll1C evaluatlon IS a senes of future revenue and expense numbers that
net out as cash flows As mentIOned above, the changes m these revenue and expense categones
have been billit m to reflect changes ill quantltles, demands, trends, and the sum of all factors that
mfluence pnces ill the future The cntlcal and final step m the analysIS IS the process of takmg
these dtscrete future cash flows and translatmg them mto a smgle NPV
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Refinery

Arpechlm PetrobrazJ Petromldla Petrotel Rafo Total
($ million) ($ million) ($ million) ($mllhon) ($ million) ($ million)

1,880 2,250 1,500 2,000 1,900 9,530

Section 4

Notes

1) All pnces In 1995 $ nulhon
2) Petronudla based on EvaluallanofMuba Refimng & Pet Chern by Muse StanCIl May 1991
3) Petrotel based on Valuanon ofPetrotel by Coopers and Lybrand March 1992
4) ArpecIum based on Pztestl PlantEvaluatlonJor M RIch by Wnght KillIn February 1991
5) Petrobr3Z1 based on the estunatefor PetronudIa
6) Raro based on the estimate for Petronnchaand Arpeclnm

The econOIDlC evaluanon IS based on the concept that the ownershIp and operatlon of the
refinenes uses capItal CapItal IS a scarce resource and has a real cost assocIated WIth Its use
Conversely, capItal can generate a return WIth no nsk If It IS mvested m totally nsk-free vehIcles,
whIch are generally government obhgatlons such as U S treasury secuntles InvestIng capItal m
the downstream refmery sector has a measurably hIgher degree of nsk than mvestIng m nsk-free
government secunlles For example, the pnce of oIl can declme below the estImates used,
addItIonal and competltlve refinery capaCIty could come on stream m adjacent markets, the
RomanIan economy may not achIeve the growth targets estImates, and so forth These specIfic
fISk factors further devalue the cash flow to be receIved m future years

10f7197 5 13 PMllw/n 'J:!7 5474\5474c005 doc

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



the present by a d1scount rate ThIS umque d1scount rate IS a factor that Includes the basIC nsk
free return of capItal as well as the specrlic nsk factors for the evaluatlon In questlon The yIeld
on I-year U S Treasunes when thIs study was performed was apprmamately 5 3 percent
Secuntles of mtematlonal oil compames yIeld approXlDlately 3 percent above tins amount to
account for the specIfic nsk of the 011 busmess Because of the extra nsk of operating solely m
RomanIa, as opposed to spreadmg operatlons around the world and other factors, an additlonal
nsk premIUm of 4 to 5 percent IS added Once the effect of mflatlon has been subtracted, the
resulting total d1scount rate for thIS evaluatlon IS set at 10 percent The determmatlon of the

Refinery

Case Description Arpechlm PetrobraZl Petromldla Petrotel Rato Total
($ million) ($ million) ($ million) ($mllllon) ($ ($

million) million)

A Crudes Recut 4 4 4 4 4 18

B EnvlIonmental Case 10 22 10 10 12 64

Cl Htgh Investment 14 42 23 38 36 152

C2 Low Investment 14 27 23 20 22 106

C3 Case Cl, No DHT atRafo 14 42 23 38 22 139

C4 Case C3, No FCC 14 42 11 38 22 127
Revamp at Petrorrudla

C5 Case C3, Accelerated 14 42 34 38 22 150
Investment

Dl Atpechun Shut - Htgh 0 42 23 38 36 139
Investment

D2 ArpechlID Shut - Low 0 27 23 20 22 92
Investment

D5 AtpechlID Shut - 0 42 34 38 22 136
Accelerated Investment

El Petrobrazt Shut - Htgh 14 0 23 38 36 110
Investment

E2 Petrobrazt Shut - Low 14 0 23 20 22 79
Investment

Fl Petrotel Shut - Htgh 14 42 23 0 36 115
Investment

F2 Petrotel Shut - Low 14 27 23 0 22 85
Investment

Refinery Sector Modeling ApproaCh
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SectIon 4

Note Allpnces m 1995 $ m:tlhon
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specIfic dISCOunt rate IS not cntIcal ill tlns evaluatIon Sillce It IS fixed for all cases, and therefore
the dIfferences between cases IS the relevant Issue

Once thIS dISCount rate has been determmed, It IS apphed, per year, to each of the future cash
flows to dISCOunt them to the present For example, the present value of a cash flow of $100
next year IS $90 91 The present value of the same $100 to be receIved 10 years from now IS
$4241 The sum of all future cash flows, dtscounted to the present IS the NPV, whIch IS the basIS
of companson between VarIOUS econOmIC evaluations

Refmery Sector Modeling Approach
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5 1 INTRODUCTION

Section 5

Petrochemical Sector Assessment

The recommendatlons given here are prennsed on the ovemdmg need to make the RomanIan
petrochemtcal sector commerCIally compelItlve and econolDlcally VIable Enterpnse managements
must gUIde the transformatlon of the petrochenucal sector Wlthm the broad process of Romama's
translllon to a competlllve, market-based economy

5-1RomanIa Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment Study - Final Report

Our assessment reveals that the petrochemtcal sector IS hampered by government regulatlon of
pnces Petrochemtcal pnce controls create noncommerCIal pnce levels, dysfunctlonal mcenllves,
and market shortages We recommend that all petrocheIDlcal pnce controls be ehmtnated and that
petrochelDlcal feedstocks and products be sold at market pnces

A number of secondary and redundant umts are nonVIable because of obsolescent technology,
small operatlng scale, and low capaCIty utlltzatlon In the case of Petrotel, all of the petrochenncal
umts currently m operatlon are nonVIable and should be shut down At Petrobrazt, most of the
petrochemIcal umts are nonVIable, and those that are presntly VIable based on current cost
performance will be rendered nonVIable by the recommended shutdown of the Petrobrazt refmery
because of feedstock supply dtsruptlon Moreover, these otherwIse VIable umts cannot contnbute
suffiCIent value to ]ustJfy contlnued operatlon of the PetrobraZI refinery

ThIS petrochenncal sector assessment covers the petrochelDlcal facili.tles operatmg at four large
refinmg sItes Arpechun, Petronnd1a, Petrotel, and PetrobraZI The sector compnses both vIable
produc1J.on umts that are capable of sustamed value creatlon and nonVIable operatlons that destroy
value and waste the resources of the sector Table 5-1 summanzes our assessment of the VIability
of petrochemtcal manufactunng operatlons VIable umts mclude those that produce polyolefins
(polyethylene and polypropylene) as well as those that produce petrochemICals for textJ.1e fibers
(mcluillng acrylomtnle and DMT)

In addttlon, current management practlces are not adequate to meet the compelltlve challenges
confron1lng the sector Manufactunng operatlons must be strengthened through the dtSCIplmed
use of Key Performance Indtcators (KPIs) m the management of petrochenucal processes Also,
the operatlng performance of petrochenncal umts must be benchmarked agamst competltors to
Identlfy slgmfi.cant opportumtles to tmprove performance Improvements are also needed to
mcrease the effeclIveness of petrochemtcal capaCIty plannmg and to enhance marketlng
effectIveness
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In the analySIS that follows, changes are specIfIed that are necessary to estabhsh the basIS for
competlllve operanon Wlthm the sector When these recommendallons are Implemented, they will
lDlllgate the effects of current problems and weaknesses and they will positlon the enterpnses to
capIta1lze on future petrochemtcal opportumtles and to manage strategic threats
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Section 5 Petrochemical Sector Assessment

Table 5·1 Viability Summary for Petrochemical Umts*

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Plant Sites

Units Arpechlm PetrobraZl Petrotel Petromldla Comments

Umts LDPE Operatmg Idle • AIpechun's LDPE, HOPE ethylene oXIde
Supphedby and ethylene glycol umts are v:table The

the Arpedum HOPE Operating Idle units at Petronndla are based on SllIlllar
Stearn Cracker

Operatmg Idle
technology and scale Because of

Ethylene OxJ.de mcreasmg demand for these ethylene

Ethylene Glycols Operatmg Idle
denvatlves the Idle PetronndlaunIts will
be needed WithIn 5 years

EPDMRubber Operatmg
• The EPDM umt 18 not v:table (small scale,

Acrylomtrile I Operaung noncompetltlve technology)

Acrylomtnle n Operaung • The two acrylomtnle umts at AIpeclnm are
Vlable

Ethyl Benzene Operating
• The ethyl benzene umt at Arpecbnn 18 not

Styrene Idle Operating Vlable Styrene wfuch 18 produced from
ethyl benzene, and the other styremcs umts

Polystyrene Idle Operating (polystyrene and ABS) are not Vlable at

ABS Idle Operatlng
either petrochenncal Slte

Ethoxylate Umts Operating
• The etboxylate umts at PetrobI3Zl are not

Vlable (ethoxylated phenols deIIDJ1sJfiers
ethanolannnes, chohne cbIonde
polyethylene glycols and antIfreeze)

Polypropylene Polypropylene Operating OperatIng Current polyethylene demand 18 low

Umts compared to total capacIty The
consohdatlon ofPetrotel s productlOn mto
Petrornld!a, the supenorumt, WIll make the
Petronndla umt Vlable

Aromatic Phthahc Anhydnde Operating • The anhydnde umts at Petrobr3Zl are
Denvatlve Vlable based on oostIvalue Iatlos However
Umts MaleiC Anhydnde the shutdown of the Petrobr3Zl refinery WIll

Operating dlsrupt feedstock supply Accordmgly
Phenol/Acetone these umts should be shut down.

DMT Operating • The phenollacetone umt 18 not Vlable based
on aV3llable cost mfonnatlon.

Operatlng Operating Idle

• Total DMT capacIty 18 low relative to
demand The Arpeclumumt has adequate
capacrty to meet current and near term
DMT reqmrements

Carbon Black Carbon Black Operatlng • The carbon blackumt at Arpeclnm 18

Vlable based on current caIbonblack
demand

*ItallCS Slgmfy nonVlability

I
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In the present study, Romaman petrochemIcal sector condItIons were reevaluated and Chem
Systems' pnor conclusIOns were reVISIted ill hght of current facts

In dISCUSSIons WIth SIte managements, we learned about useful and creatlve marketmg efforts At
PetromidIa, for example, sales of polypropylene to both domestlc and export customers have
mcreased dramatically A small fabncated-products opera1J.on developed at the SIte now serves as
a means to gam Important knowledge of customer apphcatIons Based upon therr Improved

The Chern Systems report also noted that the followmg weaknesses hmIted Romama's
petrochemIcal performance a noncommerCIal pncmg structure that creates dlSmcentIves,
ImpedIng the competItIve reonentatIon of petrochemIcal opera1J.ons, a petrochemICal. sector that
operates With extreme overcapacIty m most products, suffenng severe cost penaltles
(dIsadvantages) as a result, feedstock shortages that cause frequent shutdowns m petrochemlcal
operatIons, leadmg to product supply mterruptIons and to mcreased opera1mg costs, and agmg,
ill-mamtamed facilitIes and obsolete, noncompetItIve process technology that proVIde a weak
operatIonal platform for petrochelD1cal manufactunng

521 Chern Systems Study (1993)

The study descnbed here takes mto account the conclusIOns reached m 1993 by Chern Systems
upon the comple1J.on of therr assessment of the Romaman chemIcal mdustry Chern Systems
noted the followmg strengths of Romama's petrochemIcal sector extensIve expenence m
petrochemIcal operatIons, combmed Wlth a proud technIcal tram1J.on, a large assocIated refinIng
mdustry potentIally capable of furnIshIng rehable feedstock supply to petrochemlcals, a domestIc
economy Wlth the potentIal to generate demand for chemIcal products through econOmIC
recovery, and access to regional export markets, strengthened by the capability to shIp products
by sea

5-3

PetrochemIcal Sector Assessment
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Section 5

52 OVERVIEW AND CURRENT STATUS

5.2 2 Major Strengths and Weaknesses

The operatIonal strengths descnbed by Chern Systems have also been noted m tlus study In
partIcular, RomanIa's VIgOroUS engmeenng tramtIon has been eVIdent to us m our many
mteractIons With the staffs of the petrocheIDlcal SItes ArpechIm, for example, has sIgmficantly
mcreased Its sales of ethylene and ethylene denvatIves Wlthm the last 2 years A technIcal. plan to
revamp the Arpechlm steam cracker furnaces will, If Implemented, proVIde the basIS for future
Improvements m ethylene Yield and cost performance At Petrobrazt, the petrochemIcal team
recently completed the startup of a new process to produce maleIC anhydnde Licensed from
SCIentlfic DeSIgn, thIs process offers the potentlal to reduce maleIC anhydnde manufactunng costs
through the use of normal butane as a feedstock mstead of the more costly benzene However, as
mscussed m precedmg sectIons and below, Petrobrazt should not contlnue to operate
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In our VISIts to each of the petrocheIll1cal SItes, we have observed mstances of skill and energy
At the same tlme, we have observed senous weaknesses In the structure and the management of
the sector, and In the operatlon of enterpnses ill the sector These weaknesses must be addressed
rl the petrochemIcal sector IS to be successfully restructured FIgure 5-1 presents these Issues ill

re1atlon to a value cham whIch hnks the petrochemIcal sector With the oIl refinIng sector, the
source of petrocheIll1cal feedstocks, and downstream cheIll1cal customers

5-4
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Figure 5·1 Romaman Petrochemicals

Oil Refmmg
• Naphtha
• LPG
• Pf¢ll'y~E1

.. R~lmil\~

• Petrochemical
feedstock supply
mterruptlons

• Inadequate refmery!
petrochemical
coordmatlon

• Issue 1 Petrochemzcal Capaczty Utzlzzatzon Remazns Low for Many Products
Some capaCIty rallonalIzallon has occurred smce the 1993 Chem Systems study was
performed, espeCIally methylene productlon Also, opera1Jng rates have nsen
somewhat m response to nsmg demand However, despIte capaCIty reducnons and
hIgher operatIng rates, low capaCIty ut:1hzanon IS still keepmg operatlng costs hIgh

• Issue 2 Management Focus Is Weak at Many Sues Due to Dzverse and Unrelated
Operatzons Operanon of too many noneconOIll1C umts contInues to dIffuse
managements' attenoon Where operanonal dIversIty IS extreme, management
attentlon to Important tasks has been comproIll1sed

Value
Chain

Major
Issues

understandIng of customer needs, the sIte marketIng and manufacturrng managers mtend to
enhance theIr effectlveness as polypropylene wholesalers

Section 5

5 2 3 Issues to Be Addressed to Enhance the Effectiveness of Petrochemical Operations
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Issues I, 2, and 3 are closely lmked Where the phYSICal sphntenng of petrochenucal
manufactunng has led to redundant umts, subscale and hIgh-cost operanons have obVIously
resulted Economtes of scale are Important m all of the petrocheIDlcal processes Low operatlng
rates result m htgh produCllon costs and Imparr the prospects for profitability

Less obVIously, the fragmentatIon of operatIons makes It more chfficult for management and staff
to focus attenllon on truly tmportant ISSUes and retards learmng-based Improvement Focused
management attenllon IS a hmtted resource, a resource that 18 squandered when mulnple,
unrelated tasks must be performed across a Wide span of acllVItles Also, due to the
fragmentallon of operallons m Romama, petrocheIDlcal staffs cannot benefit optJInally from the
well-documented and favorable Impact of learmng-curve cost Improvement For example, It IS
well documented for ethylene-based and propylene-based products that manufacturIng costs fall
when expenence IS gamed through cumulatIve producuon and when the mcenllve eXISts to reduce
costs

• Issue 3 Inadequate Levels ofIntegratzon Stzll Hamper Petrochemzcal Operatzons
Stranded, nomntegrated umts that are remote from feedstock supphes chromcally
operate at a cost chsadvantage In addltlon, madequate coordmallon between
refinenes and the petrochenucal umts they supply has lessened the ablhty of nommally
mtegrated sItes to capture value through petrochemtcals

• Issue 4 The Effects ofObsolescent Petrochemzcal Technology Are Stzll Apparent
The problem of outmoded technology persIsts In several cases, the eXlStmg
noncompelltIve processes cannot be revamped cost-effectIvely The styrene polymer
umts at Petronucha and Arpeclnm are examples of outmoded technology

• Issue 5 Instrumentatzon and Process Controls Are Inadequate Petrochenucal
staffs lack the means to measure and control key process vanables on a 1J.mely basIS
and are therefore unable to adopt optImal strategIes to control raw matenal and
energy usage

• Issue 6 Improvements Are Needed In Cost Reportzng Systems While the use of
cost data as a feedback performance tool IS eVIdent m some cases, commumcatlon
between manufacturIng and finanCIal staffs IS madequate TIns problem was noted
partIcularly at Petrobrazt Also, cost systems are generally not alIgned With reportmg
needs The problem of nusalIgnment 18 specIfically reVIewed,later ill thts secllon, m
relatIon to the Arpechtm steam. cracker

• Issue 7 Marketzng Lacks Dzrectzon and Focus At most SItes, the need to
systematIcally Iden1J.fy attractIve customer groups that can be effeCllvely served
through eXIStIng products has not been recognIzed A corollary reqUIrement IS the
abandonment of products that cannot add busmess value

In mulllSlte manufactunng, site-to-sIte commumcatlon 15 the only way to prOVIde an adequate
means to share expenence from one SIte to another In RomanIa, however, because of
Infrastructure hmIta1J.ons and because the enterpnse managements are opera1J.onally mdependent

5-5
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Section 5

10/8/97808 AMIlw/n \97 547415474c006 doc

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Where performance measurement data are not captured, KPIs cannot be used to detect errors or
opportumnes KPIs provIde the manufactunng orgamzanon WIth econOlllically onented values
that are VItal to success They drrect management's focus on the Improvements around whtch
staff s1a.lls and energIes can be effecnvely organIzed to create value

Issue 6 pomts out the need to Improve cost reportmg systems In several cases, cost reportmg
systems are not ahgned WIth the natural operatlonal boundanes of plant operatlODS Improved
ahgnment can mcrease the relevance and value of reported mformatlon by proVldmg cost feedback
that operatlng staffs can more readily act upon In thIs way, the fmanClal functIon proVIdes not
only cost results, but also gwdance for cost nnprovement

Issues 4 and 5 hIghhght the hmItatlons Imposed by process technology and mstrumentanon
Where these hmttatlons are severe, cost performance cannot be enhanced merely by Improved
operaung pracnces, supervISOry VIgilance, or management duect10n Investment IS reqUIred
Process technology hmttatlons and Instrumentatlon needs are dIscussed below as part of the
VIability assessments of speCIfic umts

of one another, such commumcatlon does not occur and htt1e shanng of expenence results
PetrochemIcal manufactunng must be consohdated to mcrease the rate of learnmg through
expenence The phYSICal concentratlon of productlon can enhance learnmg-curve benefits The
overall consohdatlOn of producnon will lead to scale-based cost Improvements and will accelerate
expenence-based advances m slans and methods

Petrochemical Sector Assessment

RomanIa Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment Study - Fmal Report

Section 5
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Issue 7 emphasIzes the need to refocus marketlng efforts toward valuable products that serve
customers PetrochemIcal and commerCIal drrectors at Arpechlm, Petrobrazt, and Petrotel have
expressed reluctance to IDsconnnue productIon of products that are neIther cost-competItIve nor
value-addmg The reluctance to abandon these products IS due, m part, to a desrre to promote
self-suffiCIency ill Romaman petrochemIcals In these cases, managers are clearly mterpretlng
theIr mISSIOn ill terms of phYSICally supplymg products to domestIc customers for the purpose of
aVOlIDng Imports even If that aVOIdance leads to a greater loss of econODllC value Certatnly

TechnIcal benchmarlang agamst mdustry leaders 18 also ImpossIble when performance data are not
captured Benchmarlang compares the performance of a gIven petrochemIcal urnt With the best
demonstrated mdustry performance m order to IdentIfy sIgmficant opportumnes for performance
lIDprovement In a later secnon, the value of KPIs and technIcal benchmarkIng IS reVIewed WIth
respect to the Arpeclnm steam cracker, the most Important petrochemIcal urnt now operatlng m
the sector

Performance measurement IS essentlal1f compames m the sector are to reduce vanable costs,
which are exceSSIve relatIve to those of commercIally onented plants Manufactunng cost data
for the five SItes mdIcate that raw matenal and energy account for 80 to 85 percent of total
manufactunng costs Each 1 percent reductIon of both energy consumptIon and raw matenal
usage for the petrochemIcal umts assessed m thIS study would result m a cost reductlon of more
than $2 mllhon per year
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524 Price Controls

We recommend changes m Romama's regulatory framework to facilitate the commerCIal
restructunng of petrochemIcal operatIons In parucular, the control of pnces, through both dIrect
and mdrrect regulatIon, has Impeded the commerCIal transformauon of the petrochemIcal sector

lffipOrts pomt to domes1J.c demand m downstream chemIcal busmesses where opportum1J.es should
be analyzed However, fmanclal analysIs alone should guIde the deCISIon to supply products m
response to local or domestIc demand

The foregomg Issues are elaborated upon m later sectIOns covenng the assessment of the vIability
of the operatIng umts Our recommendatIons are desIgned to pel1Illt the munedIate rallonahzauon
and reorganIZatIon of operatIons to prepare the petrocheIDlcal sector for the effectIve
lffiplementatIon of strategIc decISIOns

Petrochemical Sector AssessmentSection 5

Pnces of most pflffiary petrochemIcals, mc1udmg propylene, benzene, toluene, para-xylene, and
ortho-xylene, are drrectly regulated All of the regulated pnmary petrocheIDlcals, WIth the
exceptIon of toluene, serve as feedstocks for petrochemIcal processes Benzene and toluene are
also sold to downstream domestIc and export chemIcal customers Pnce levels for these matenals
are analyzed by the Department of FmancIa1 OperatIons of Rafirom, and thIs department
penodIcally proposes changes m regulated pnce levels The deCISIon WIthm the department to
reVIew pnce levels IS prompted by changes m the le:I!$US exchange rate, movements m
mtematIonal market pnces, and requests from mterested partIes, mcludmg both the refinmg
enterpnses and therr customers, the petrochemICals producers When requests by the refmmg
enterpnses and therr customers are m conflIct, the Mnustry of Industry (Mol) may become
mvolved m a medIatIng role Once Rafrrom has establIshed a recommended pnce level for each
drrectly regulated petrochemIcal, the Rafirom proposal IS reVIewed by the Mnnstry of Fmance
(MoF), where authonty reSIdes to approve or veto the proposed pncmg

FIgure 5-2 compares controlled pnces and market pnces for these pnmary petrochemIcals dunng
Apnl1995 - October 1995 The October pnce change moved regulated pnces closer to market
pnces from therr earher levels approved m Apnl The pnces approved m Apnl ranged from about
45 percent to 140 percent of then current market pnces, those approved m October, from about
80 percent to 120 percent of current market pnces WhIle thIs change led to a more appropnate
and reahstIc valuallon of these matenals, one more closely ahgned WIth market condItIons, the
hftmg of pnce controls IS recommended Rafrrom, ac1lng m concert WIth the MoF does not and
cannot respond to changmg market condIllons on a ume1y basIS Furthermore, the current
process for establIshmg pnce levels IS subject to mfluence by partLes havmg eIther finanCIal
mterests or pohtIcal agendas Results may therefore reflect relallve pohtlcal mfluence rather than
economIC reahtIes
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Prices Approved In April 1995 Pnces Approved in October 1995

Regulated Regulated
Regulated Regulated Estimated Price, as a% Regulated Regulated Estimated PrIce, asa

Price, Price, Market Price, of Market Price, Price, Market %of Market
Lelltonne $US/lonne $USltonne Price Leiltonne SUS/tonne Price, Price

$USltonne

Propylene 537,400 269 605 44 698,000 317 399 80

Benzene 750,000 375 315 119 600,000 273 254 107

Toluene 710,000 355 244 145 595,000 270 222 122

Para-xylene 637,800 319 728 44 1,775,000 807 830 97

Ortho-xylene 861,400 431 952 45 1,000,000 455 589 77

Notes

Market pnce estimates are based on illlport panty (NW Europe pnce quotatlons) October 1995 market pnces are based on
September 1995 quotatlons

Exchange rates Apnl1995 - 2,000 lex/SUS October 1995 - 2,200 lex/SUS

Figure 5-2 Price Controls - Directly RegUlated Petrochemicals
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o Aprtl1995

• October 1995
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The pnces of most petrochemIcal products m RomanIa are subject to mdzrect regulaTIon, a
process that mvolves both Rafirom and the Mol as medIators m negoTIallons between the refimng
enterpnses and therr downstream chemIcal customers IndIVIdual customers have Jomed together
to form asSOCIaTIOns Wlthm customer mdustnes for pnce negotIatIon purposes

We recommend that pnce controls of petrochemtcals be removed The removal of pnce controls
will ehmtnate artIfiCIal mfluences created by both the dIrect regulallon of pnmary petrochemIcals
and the mdlrect regulanon of petrochemIcal products We further recommend that laws or
regulatIons be Implemented to prevent collectIve pnce negotlatlons by eIther customer groups or
selling groups

Pnce IS a key factor m competInve product positlonmg At present, the enterpnse managements
are severely restncted m theIr use of thIs Important market1ng mechanISm m therr transaCTIons
WIth domestIc customers EhmmatIon of both drrect and mdrrect pnce regulallon will remove
these restnctIons and permtt commerCIal managers at the petrochemtcal SItes to strengthen
market1ng programs through the effeCTIve use of product pncmg

Para-xylene offers an example of the adverse effects of duect pnce controls Para-xylene IS a raw
matenal for productlon of d1m.ethyl terephthalate (DMT), a petrochemIcal requued for textJ.1e
fiber manufacture and for other downstream chemIcal apphcatlons Demand for both DMT and
Its precursor rose dunng 1995 m response to mcreased textJ.1e fiber demand The regulated pnce
of para-xylene, far below market pnces m Apnl, contnbuted to a shortage of tlns matenal m
RomanIa by dJmJD1shmg the mcentIve to produce It Rehance on market pncmg would have
helped to prevent thIS supply faIlure
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A customer asSOCIatIon typICally asks Rafrrom to sponsor negotIatIons WIth the refinmg
enterpnses Government sponsors mclude Rafrrom's Department ofFmanclal OperatIOns or
Department of ProdUCTIon Strategy and may mclude the Mol's Department of Strategy for the
ChemIcal Industry Representallves of these government bodIes arrange the negoTIatIons, prOVIde
facilitIes for meet1ng, and attend the negollaTIons m med1at1ng roles RepresentaTIves of the MoF
may also playa consultallve role but do not have exphclt authonty to approve or reject the
negotIated outcome NegotIallons culmInate m a contractual pnce agreement that IS bmdmg on
all slgnatones

From the producer's perspecTIve, these procedures proVIde a means by whIch undue government
mfluence IS exerted to suppress pnces All recent negOllatIons have been prompted by requests
from customer assoclallons, and government-sponsored pnce negotlatlons have resulted ill pnces
that are perSIstently lower than those m mtemanonal markets A reVIew of domesnc pnces versus
export pnces at ArpechIm, for example, mdIcated that domestlc pnces were 50 to 80 percent of
export pnces for several products sold to both domesnc and export consumers durmg the first
half of 1995 NegotIallons are hkely to lead to the suppreSSIon of domeSTIC product pnces under
mduect regulallon because of Rafrrom'Sstrong mfluence over the refinIng enterpnses as therr
feedstock allocator under supply-hmIted condIllons
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As shown m SectJ.on 5 3, thIS demand projection served as a framework for the evaluauon of
future capaCIty reqUlrements Alternate demand growth scenanos mvolvmg demand growth rates
above the prOjected rates for specIfic products were also evaluated

Table 5-2 presents current producuon volumes and projected demand through the year 2005
Aggregate producuon tonnage IS projected to grow at about 5 0 percent per year dunng 1995 
2000 and about 4 3 percent per year dunng 2000 - 2005

Export demand growth was es1lmated assummg that exports will escalate at a rate correspondIng
to the average annual projected GNP growth rate for Europe as a whole, roughly 3 4 percent
dunng 1995 - 2000 and 3 2 percent dunng 2000 - 2005 Total demand was then computed as
the sum of domestJ.c and export demand
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PetrochemIcal product demand proJecuons are estJ.mated by makmg the lnlual (and ImprecISe)
assumpnon that current producuon meets all demand Wltlun RomanIa TIns apprmamauon IS
necessary because mformauon on domesuc consumpuon and net exports IS not avallable for most
products Tlus demand table must of course be adjusted Ifnew mforma1J.on reveals that current
production does not meet domestJ.c demand

5 2 5 Petrochemical Demand

Current petrochemIcal operauons of the five major sItes produce roughly 400,000 tonnes per year
(tpy) of ethylene denvatlves, propylene denvatIves, and aromatIcs denvatIves Exports account
for roughly 25 percent of productIon based on tonnage and roughly 25 percent based on market
value SIgmfi.cant volumes of these products are sold to domestic manufacturers of plasucs
products, synthetic yarns and fibers, pamts and vanushes, and rubber products PetrochemIcal
products are sold ill lower volumes to producers of automotive products, detergents, mks, dyes,
and specIalty metals, and for use ill petroleum processmg

Domesuc demand was projected for each petrochemIcal product based on current shipments to
each domesuc customer group and on estImated growth rates for each group EstImates of
current shipments were developed from mformatJ.on prOVided by Rafrrom and supplemented by
mformatJ.on from the manufactunng SItes The Mol has furnIshed estImated growth rates for the
major customer groups For certam low-volume customer groups, mcludIng Ink and dye
manufacturers, growth rates were not avatlable and, m these cases, the projected Romaman GNP
annual growth rate of 4 0 percent was assumed

These demand projections have mfluenced the assessment of the Viability of petrochemIcal
operauons Where urnt processmg and production costs are now unacceptably lugh due to low
operating rates, costs have been reevaluated to determme whether cost performance IS hkely to
Improve sIgmficantly at expected future producuon rates The demand proJecuons also proVIde a
means to Identlfy near-term capaCIty constramts
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Item 1995 1995 1995 2000 2000 2000 2005 2005 2005
Domestic Export Total Domestic Export Total Domestic Export Total

Ethylene Denvallves

LDPE 346 195 541 438 230 667 553 269 822

HDPE 183 37 220 231 44 275 292 52 343

MEG 233 26 259 314 31 344 422 36 457

DEG+PEG 25 00 25 29 00 29 35 00 35

Ethylene for PVC Export 00 672 672 00 792 792 00 926 926

Propylene Denva1J.ves

Polypropylene 146 152 297 184 179 363 233 209 442

Acrylomtnle 243 494 737 369 583 952 369 681 1051

SodIum. Cyamde 18 1 1 29 22 13 35 27 15 42

Phenol 91 00 91 141 00 141 217 00 217

Acetone 51 03 55 79 04 83 123 05 127

NonylPhenol 04 00 04 05 00 05 07 00 07

Ethoxylates 40 00 40 49 00 49 60 00 60

Aroma1J.cs and Denva1J.ves

Benzene Sales 74 33 107 101 39 140 125 46 170

Toluene Sales 189 70 259 292 82 375 365 96 462

Xylenes (MIxed)

MaleIC Anhydride 19 34 53 27 40 68 39 47 86

PhthalIc Anhydnde 11 75 86 1 6 88 104 22 103 125

DMT 180 350 530 273 412 686 415 482 897

Carbon Black 163 -!ill 163 219 -JlQ 219 295 ...ill! 295

Total 2017 2152 4168 2790 2537 5328 3598 2967 6565

Export ShIpments % of Total 236 218 207

Aroma1J.cs IntermedIates

Benzene (MAN + Phenol) 178 263 422

a-Xylene (PAN) 92 112 135

p-Xylene (DMT) 376 487 637
(Includes TolllImport)

Benzene Total (Sales + 285 404 592
IntermedIates)

Average Growth Rates In Product Demand 1995 -2000 2000-2005
(Tonnage), %/ Year 503 427

PetrochemIcal Sector Assessment
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53.1 Assessment Scope

FIgure 5-3 shows the general structure of current petrocheffilcal operattons, md1caung major
feedstock streams and products The matnx mdtcates the petrochelDlcal process capabilities of
each plant SIte

5 32 Economic Model

To explOlt therr petrocheIDlcal capability, Romama's enterpflSes must IdentIfy operatlOns that are
capable of creatmg sustamed econOIDlC value, and must drrect resources to strengthen these
operatlons On the other hand, operanons that are not currently creatmg value and not capable of
future value creat10n must be dIsconunued to ehIDlnate the cost burden they Impose on the
enterpflSes

Aromatlc precursors for petrochemIcal converSIon mclude benzene, ortho-xylene, and para
xylene TIns study does not fully cover the VIability analysIS of those aromatics umts fed by
pyrolySIS gasoIme and reformate because cost mformation was not made avaliable for the urnt at
Petrobrazl, the largest of the aromatlcs umts m current operanon Instead, the aromatIcs
extractlon umts were mcorporated mto the PIMS refinery model The analySIS, however, does
deal With petrochenucal umts converting aromancs to denvatlve products at Petrobrazi and at
Arpechnn

An econonuc model was developed to charactenze value creatlon or destruetlOn by each of the
petrochemIcal umts Frrst, the value of all products was determmed based on market pncmg
Product value mcludes the value of products sold to customers outsIde the sector, m domestlc and
export markets, and the value of mtermed1ates transferred to downstream umts and to other
petrochemIcal SItes Next, all costs were evaluated Costs mcIuded (1) the cost of raw matenals,
mcludmg the cost of petrocheIDlcal feedstocks, (2) the cost of utl1ltles, (3) and fixed costs,
mcludmg the costs of mamtenance, dIrect labor, and allocated overhead, but excludmg noncash
depreCIatlOn and amortlzatlon of capItalIzed costs

Petrochemical Sector AssessmentSection 5

5 3 ASSESSMENT OF VIABILITY

Steam crackmg of naphtha and refinery gases produces ethylene, which m tum IS converted to
polyethylene (LDPE and HDPE), ethylene glycols, EPDM rubber, ethanolammes, ethoxylates,
ethyl benzene, and styrene for polystyrene and ABS (acrylomtnle-butadiene-styrene polymer)
Propylene from steam crackmg and from refmery FCC urnts IS converted to polypropylene and
acrylomtnle (ACN) Arpechim, Petrotel, and PetrobrazI currently produce ethylene denvatlves,
and PetromldIa's petrocheffilcal plant, now out of sefVlce except for polypropylene, IS capable of
producmg ethylene denvatlves as well Our study analyzed the Vlability of these ethylene-based
products, begmmng With steam crackmg
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I Section 5 Petrochemical Sector Assessment
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In thIs approach, the performance of each urnt mfluences the VIability assessment of the other urnt
If eIther urnt was Judged to be nonVIable, a second approach was tned

In the second approach, the econonnc value of each urnt was reexammed based on the estnnated
market value of the mtermed1.ate, and each urnt was evaluated on a stand-alone basIS The pnce
charged to the downstream urnt was the estrmated market value based on lffiport parIty The
product value asSIgned to the upstream. umt was the estlffiated market value based on export
parIty ThIs approach treats the two UnIts on an md1.VIdual, nonmtegrated basIS and ensures that
neIther urnt IS Judged to be nonVIable because of madequate performance by the other

The product value asSIgned to the upstream. umt for the mtermed1.ate was calculated as follows

• The value of the mtermed1ate was calculated as the netback value based on operanon
of the downstream. umt

• Market values were asSIgned to products from the downstream urnt Manufactunng
costs mcurred by the downstream umt (other raw matenal costs, utlhty costs, and
fued costs) were subtracted from product value to compute the netback value of the
mtermed1ate

Transfer pnces must be consIdered when the product of one urnt serves as the feedstock for
another umt Transfer pnces were detemnned m two ways In the first approach, the two urnts
were evaluated on the basIS of mtegrated operatlOn The transfer pnce charged to the
downstream. urnt was calculated as follows

• The transfer pnce of the mtermedmte was calculated as the cost per tonne reqUITed
for manufacture of the matenal by the upstream urnt

• Market values were asSIgned to the feedstocks for the upstream. urnt Other
operatmg costs mcurred by the upstream. umt (all raw matenal costs, utlhty costs, and
fIxed costs) were added to compute the manufactunng cost of the mtermedlate
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Once costs and product values had been determIned for a gIVen petrochemIcal umt, the rallo of
cost to product value was computed A value of less than I md1cates posillve value creanon by
operallon of the unIt, a value hIgher than 1 md1cates value IS bemg destroyed Where a hIgh
costlvalue rano mdIcated unambIguously that value destrucnon was resultmg from operanon of
the urnt, the followmg addIllonal questIOns were addressed to evaluate econOmIC VIability

• Is value enhancement pOSSIble through slffiple means? Mmor mvestments and
lffiproved operatmg procedures were evaluated

• Will mcreased productIOn m response to mcreasmg demand lower the urnt productIOn
costs to a suffiCIent degree to enable the urnt to become economIcally VIable? ThIs
evaluanon depends on projected demand levels and on the level of fixed costs

• Does the finanCIal model md1cate that value destrucnon occurred solely because of a
low netback pnce from a downstream urnt? If so, does an assessment based on the
market pnce of the matenal mdIcate that the unIt IS otherwIse VIable?
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Where a sU1table alternate eXISts, a shtft of productlon to that Untt was recommended, followed by
shutdown of the nonVlable umt For all nonVlable umts that were also studIed by Chem Systems,
those 1993 recommendatlons by Chern Systems have also been Clted

The transfer of productlon to an alternate urnt proVldes a means to supply customers m the future
Where no such optlon eXISts, however, product lIDpOrts must be evaluated as a source of supply
to the downstream mdustnal customers h1 those cases, avaIlable mformauon regardmg current
domestIc customers has been furmshed

At Petrobrazt, the small operatmg umts producmg phthaltc anhydnde and maleIC anhydnde were
found to be Vlable because of therr cost/value ranos, but theIr poslnve contnbutlon cannot
econOmIcally sustam the operanon of the Petrobrazt refmery The deCISIon to shut down the
Petrobrazt refinery wtll dtsrupt the supply of feedstock to these urnts These umts cannot be
operated economlcally m the absence of rehable and cost-effecnve feedstock sources Therefore
we recommend closure of these umts

OperatIng cost mformatlon was not avaIlable for several petrocheIDlcal umts dunng the penod of
the study because those urnts were Idle h1 the case of Idle urnts, we mferred VIability by a
cornpanson Wlth operatIng umts of comparable technology and scale For example, PetroteI's
styremcs umts (styrene, polystyrene, and ABS) were m sefVlce and were Judged to be nonvIable
The correspondmg umts at Arpechnn were Idle durmg the study penod Because the Arpechtm
styremcs urnts are based on slIDllar technology and operatmg scale, we mferred that the Arpechlm
umts are also nonvIable
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For redundant umts, we tested the tmpact of closmg one urnt and consohdatmg all producnon mto
the other urnt h1 two specmc cases, polypropylene and DMT, the analystS of mdlVldual umts
suggested that they were uneconOmlC owmg to low utthzanon rates caused by the sharmg of
productIon volume Low utthzanon rates led to very mgh per-urnt costs In these cases, we
consohdated the total volume mto the urnt Wlth lower per-urnt costs and then found th1s urnt to be
VIable The more favorably pOSltlOned urnt was deemed to be Vlable, the other umt, nonVIable
On tlllS basl8, the PetrOmldla polypropylene urnt 18 econoIDlcally VIable whtle the Petrotel urnt IS
not, and the Arpech1m DMT umt IS econoIDlcally Vlable whtle the Petrobrazt umt 18 not

If thIS evaluauon revealed no way of slgmficantly enhancmg the value of the urnt, the umt was
Judged to be economlcally nonvIable Where an alternate manufactunng SIte eXIsts Wlth the
capability of malang the product, a transfer of productIOn to the alternate SIte was consIdered
after first determmmg

• Whether the alternate urnt IS economlcally Vlable

• Whether the alternate urnt has adequate avaJ.1able capacIty
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FIXed costs requrred speClal treatment In most cases, reported fixed costs were much lower than
fixed costs normally expenenced m slIDllar operallons m mtemallonal pnvate-sector plants A
reVIew of fixed costs mdlcated that thIs dIfference could not be explamed by labor cost dIfferences
alone Note that Chern Systems also found that the fixed costs reported by the plant staffs
appeared to be unreasonably low

Our reVIew of fIXed costs mdicates that low reported costs are often due to the deferral of
mamtenance or to the underreportmg of mamtenance costs To adjust mamtenance costs for
use m the finanCIal model, sustamable mamtenance costs have been computed as 4 0 percent
of esttmated facility replacement costs for those umts producmg sohd polymer products and
3 0 percent of esttmated replacement cost for all other umts Mamtenance cost adjustments
are dIScussed below, m detat!, for the Arpechtm steam cracker Low reported fixed costs
may also result from low costs for hability msurance and reduced efforts for sales and

In certam cases, market pnces for raw matenals cannot be determmed because the matenals m
quesllon cannot be readlly matched to globally traded products With eqUlvalent propertles and
specmcallons Examples mclude polybutad1ene latex (PBL) and styrene-butad1ene rubber (SBR)
for styrene polymer manufacture at Petrotel and creosote 011 for carbon black manufacture at
Arpechlm In those cases, the domestIc transfer pnces reported by plant staffs were used
However, uncertamty m the pncmg ofPBL and SBR has an lllSlgmficant Impact on the
assessment of the VIability of Petrotel's styrene polymer operallon because those raw matenals are
used m very low volume

533 Market Pricing

Because products sold domeSllcally and many feedstocks proVIded domeSllcally are subject to
pnce regulanon, market pnces were estlmated for these matenals to ensure that econOInlC model
results were consIstent With open market condlnons Pnces covenng naphtha, reformate, and
FCC slurry 011 and a number of other feedstocks supphed to petrochemIcals from rermenes are
not subject to regulatlOn For these feedstreams, pnces were based on export panty for naphtha
and reformate, and on 1Qlport panty for FCC slurry oil For regulated feedstocks, mcludmg
benzene and the xylenes, market pnces were estlmated based on 1Qlport panty
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5 34 Manufacturing Costs

The econOmIC model must take mto account all SIgnIfIcant manufactunng costs Dunng the fact
gathenng phase of the petrochemIcal assessment, cost data for 1994 operallons and the fIrst half
of 1995 were reVIewed With plant staffs These data mcluded feedstock usage figures, other raw
matenal costs, u1lhty usage levels, and fixed costs Feedstock usages and feedstock market pnce
estlmates (determmed as Clted above) were used to estabhsh feedstock costs Reported costs
were used for other raw matenals, mcludmg catalysts, chemIcals, and auxiliary matenals To
estlmate u1J.hty costs, a consIstent set of u1lhty urnt costs for electnClty ($IkWh), coohng water
($Itonne), steam ($/tonne), fuel ($/tonne), mtrogen, and mstrument arr ($/m3

) were used for all
SItes
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5 3 6 The Arpechlm Steam Cracker and Dependent Umts

marketmg These costs have not been analyzed systematIcally, but are probably small
compared to mamtenance costs

Because the model rehes on a lIberal assessment of econOmIC value, Its results should be regarded
very senously m cases where nonVIable unIts are IdentIfied NonVIable unIts waste not only
fmanclal resources but also the management talent that IS commttted to them Romaman
petrochemIcal managers must evaluate the opportunIty costs that theIr enterpnses bear as a result
and must focus on value-generatIng products that ment the commttment of theIr conSIderable
talents and capabiliTIes

For operatIOns WIth relatIvely hIgh fixed costs, umt costs of productIOn were found to be
very sensItIve to changes m productIOn rates Where such a urnt was found to be nonVIable
due to ItS current productlOn rate, the umt cost effect of future productIOn rates was also
taken mto account Feedstock and other raw matenal costs were assumed to be fully vanable
WIth productlOn rates UtilitIes were assumed to be partIally vanable, m recogrntIOn of the
fact that utility urnt costs do not mcrease m dIrect proportlOn to productlOn m petrochemlcal
operatIOns
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53 6 1 Olefm DeT/vat/ves

FIgure 5-4 mdIcates the processes that are fed by olefins (ethylene and propylene) from the
Arpechtrn steam cracker All of Arpechtm's ethylene and propylene denvatIve UnIts are currently
m operaTIon, WIth the exceptIon of the styrene and styrene polymers UnIts In addITIon to the umts
shown, pyrOlYSIS gasohne from the steam cracker feeds a downstream aromaTICS UnIt whIch
produces benzene, toluene, and xylene Arpechtm supphes ethyl benzene as a feedstock for the
productIOn of styrene and styrene polymers at Petrotel and ethylene OXIde for the prodUCTIon of
ethoxylates at Petrobrazt Also, the Arpechtm carbon black UnIt IS fed by FCC slurry all and by
pyrolYSIS Oll from the stearn cracker

The ArpechIm VIabllity analySIS began WIth a determmatIon of the cash productIon cost of the
oletins, ethylene and propylene, that were produced by the steam cracker for downstream umts
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5 3 5 Judgments Based on Economic Model Results

In usmg the economIC model to Judge VIability, one should bear m mmd the model's fmanclal
basIS Recall that the econOmIC model merely compares product value WIth manufactunng cost
and takes no account of the mvestment returns demanded by owners and potenTIal mvestors
Because the econOmIC model does not take mto consIderaTIon the opportunIty cost of capItal, Its
evaluaTIon approach IS very hberal or generous In other words, umts Judged to be VIable, WIth
cost/value ratIos less than 1, may not be finanCIally attractIve m the hght of alternate uses of
capItal A more thorough valuatIon approach, one talang mto account workmg capItal, nsks
assocIated WIth antICIpated mcome streams, termmal salvage value, and potenTIal eXIt costs, wtl1
be necessary to fully assess fmanClal values from the standpomt of owners or mvestors
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Because costs reported by Arpechtm mdlcate that mamtenance charges were far below the levels
normally assocIated WIth sustamed operation, mamtenance costs have been adjusted based on a
rough estlmate of steam cracker replacement cost

The resulting ethylene cost of $420/tonne was used as a transfer pnce ThIs transfer pnce
estabhshes the feedstock cost basIS for assessment of the VIability of the downstream unIts at
ArpechIm Tlus figure IS rougWy 12 percent below Chern Systems' 1993 cost estImate of
$480/tonne

Cost analySIS of thIS umt was comphcated by the mcluslOn of a portIon of the pyrolysIS gasolme
hydrogenatIon costs WIth the costs reported for the umt that extracts aromatIcs ThIs method of
specIfymg costs does not permlt straIghtforward assessment of steam cracker costs and
comphcates benchmarkIng agamst competItive steam cracker mstallatIons elsewhere In our
analYSIS, costs for these two umts were combmed, and the values of aromatIcs by-products were
credIted to the steam cracker
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Calculated cost/value ratIos appear below Two UnIts. producmg ethyl benzene (EB) and EPDM.
have extremely hIgh cost/value ratIos

HIgh EB costs can be largely explamed by operatmg scale ThIS UnIt currently operates at about
20 percent of capaCIty, and Its capaCIty IS small WIth respect to world-scale UnIts Because thIS

Thus, the Arpechtm steam cracker prOVIdes an illustratIon of Improvements m cost reportmg.
process momtonng, and techmcal benchmarkmg that are needed throughout the petrochemIcal
sector Operatmg cost mcentIves compel thIS effort. In the case of the Arpeclnm stearn cracker, a
matenalloss of 1 percent of feed results m an annual cost exceedmg $500,000

AvaIlable data mdtcate an ethylene yIeld of 30 percent of cracker feed COnsultatIOns Wlth the
Arpechtnl staff and Wlth a Bechtel technology speclahst have brought out these pomts

• Fuel gas. a by-product stream accountmg for an estlmated 30 percent of cracker
output, IS not metered TIns stream IS assumed to be the resIdual after all other
matenal streams have been accounted for TIns procedure leaves matena1losses ill
doubt and hence leaves ill doubt the true ethylene yIeld

• An mcrease ill ethylene YIeld (to 36 percent) IS expected as a result of a planned
revamp project

• While an illcrease from 30 to 36 percent ill ethylene yIeld IS sIgmficant. the Improved
YIeld falls short of the esttmated attamable YIeld of 37 to 41 percent
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VIabIlIty of the Arpechlm Umts

Section 5

G1ven the great Importance of the Arpechtm steam cracker for the overall compet1tIveness of
ethylene denvatIves m Romama, several steps are recommended

• EstablIsh processes and reportmg that will segregate the steam cracker performance
from the aromatIcs operatIon for measurement and costmg purposes

• Install appropnate InstrumentatIon to measure fuel gas, and ensure that all other
output stream and feed streams are accurately measured Use metered values to
assess both matenallosses and product ytelds, and define a steam cracker KPI based
on each of these measurements Matena1loss and yteld can be usefully expressed as
a percentage of steam cracker feed Use these KPIs for routIne momtonng of steam
cracker performance InvestIgate and act on short-term mcreases m losses or
decreases ill YIeld

• Benchmark thIs UnIt to other competltIve steam cracker illstallatlons for competItlve
evaluatIon of losses and YIeld Investlgate and act on appreCIable dIscrepanCIes
between Arpeclum performance and best demonstrated performance

• Resolve the elements of the dIScrepancy between the YIeld expected after revamp and
the estImated attamable YIeld
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urnt supphes ethyl benzene for styrene manufacture at Petrotel, the assessment of thIs urnt IS

mfluenced by the performance of the Petrotel styremcs operanon
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Figure 5·5 Arpechlm Viability Assessment

HOPELOPE

Q
2000

!CCa:
w 1500::l
..I
Cl:

~
til 10000
(,)

0500

0000

2500

We recommend that the Arpechun EB urnt be shut down Chem Systems also recommended
shutdown ofthts urnt The Petrotel styrene urnt, the pnnClpal consumer of Arpechlm's ethyl
benzene, IS assessed m the next sectlon

A reVIew of the cntena for VIability leads to the conclUSIOn that the urnt IS nonVIable, for the
followmg reasons

• No Slgmficant mprovement can be aclueved through mmor mvestments or operatmg
changes

• An mcreased productlon rate will not lead to Vlable operatlon

• The cost/value ratlo gIven m FIgure 5-518 based on netback evaluatIon of the ethyl
benzene consumed by the Petrotel styrene umt The EB urnt remams nonVIable If a
market value IS assumed for the sale of ethyl benzene

Section 5

Smnlar reasonmg apphes to the EPDM urnt TIns umt currently operates at about 20 percent of
capaCIty, and Its capaCIty of 3,000 tpy IS less them one-tenth the capaCIty of competltlve
world-scale umts In the case of EPDM, the current Romaman transfer pnce to domestIc
customers was used because no eqUlvalent standard traded product can be Identlfied The
Arpeclnm urnt IS SImply mcapable of meetlng the product qualIty standards that have been
establIshed by globally competltlve EPDM producers
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FIgure 5-6 shows the Petrotel processes for styrene, polystyrene, and ABS, FIgure 5-7 millcates
mgh cost/value ranos for the umts and for the SIte About 60 percent of current styrene
producuon IS consumed m the producuon of styrene polymers The styrene urnt has been

A reVIew of the VIability cntena agam leads to the conclusIOn that the umt 18 nonVIable We
recommend shutdown ofthe Arpechml EPDM umt and lIDportanon ofEPDM Current domest.1c
customers purchase EPDM from Arpechnn for the manufacture of ttre sIdewalls and other automotIve
rubber products Chern Systems dId not make a recommendanon regardIng th1S UnIt
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FIgure 5-7 Petrotel Viability Assessment

Figure 5·6 Petrotel- Styrene, Polystyrene, and ASS
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assessed on both an mtegrated basIS, reflectmg transfer of 60 percent ofIts output to the polymer
urnt, and on a nonmtegrated basIS, assummg the sale of all styrene at market pnce NeIther
assessment mdlcates an econoIDlcally VIable operanon

The htgh cost of polystyrene and ABS producnon IS partly a consequence of the mstalled
technology, whtch IS based on a costly batch polymenzanon process followed by rate-hmttmg
centnfugallon and drymg steps ThIs technology IS htghly meffiClent, and no revamp opnon IS
avatlable

The transfer of produCllon to ArpechlID would more closely mtegrate styremcs WIth the ethyl
benzene urnt, reducmg matenallosses as well as the costs of mventory and coordmanon
However, because these cost burdens were not mcorporated mto the assessment of the Petrotel
umts, the ehmmanon of these costs cannot alter the fundamental conclusIOn that the styremcs
umts at Petrotel are nonVIable

In the absence of full mformatlOn on costs, usages, and product volumes, rehance was placed on
the 1994 mcome statement for Petrobrazt petrochemtcals ThIs mcome statement supphed profit
and-loss mformallon segregated by product and mdtcated a substanllalloss for ethoxylates
Combmed results for ethoxylated products mdtcated a loss eqillvalent to roughly 47 percent of the
value of products sold
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SectIon 5

Transfer of Petrotel' s polystyrene and ABS producnon to the Arpechtm styremcs umts would
yIeld httle benefit, smce WIth mtnor excepnons, those umts are based on slIDllar technology For
example, we beheve the Arpeclum process for converSIOn of ethyl benzene to styrene IS even less
efficIent than the Petrotel styrene process because the Petrotel process IS desIgned to proVIde
more unilorm reactor temperature control The Arpechtm polystyrene urnt 15 capable of
producmg expanded polystyrene through pentane mJecnon m the polymer fimshmg step, but thIS
process feature does not represent a slgmficant advantage gIven the htgh operatmg cost of the
overall process

We recommend shutdown of the polystyrene and ABS umts at both Petrotel and Arpechtm and
tmportallon of these products Roughly 90 to 95 percent of current polystyrene shtpments are
htgh-tmpact polymers sold to domesnc manufacturers of home apphances, consumer electromcs
products, and footwear ABS IS used m the manufacture of stmllarproducts, as well as m the
manufacture of food contact apphances Chem Systems recommended shutdown of the styremcs
umts at both Petrotel and Arpechtm

53 6 4 Viability ofEthoxylates at Petrobrazl

The ethoxylate secnon of the Petrobrazt petrocheIDlcal plantcompnses several small umts
producmg low-volume products usmg ethylene OXIde feedstock supphed from Arpechtm These
products mclude ethoxylated phenols, ethanolamtnes, demulslfiers, cholme chlonde, polyethylene
glycols, and anttfreeze The mformanon fumtshed by the Petrobrazt staff was not adequate for a
VIability assessment, and the Petrobrazt staff declmed to supply the needed data
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5 37 Polypropylene Production at Petromldla and Petrotel

In addtuon, polyethylene glycols and antJ.freeze accounted for roughly 25 percent of product
tonnage m the first half of 1995 A pomon of thts producuon can be made at Arpechtm, the
ethylene OXIde feedstock source

53 71 The Petromldla andPetrotel UnIts

Polypropylene IS now produced at both Petromtdta and Petrotel The two polypropylene umts
have the same productIon capaCIty, 60,000 tpy, and employ the same process technology
Current polypropylene demand IS estImated at 30,000 tpy, roughly 50 percent of the capaCIty of a
smgle umt and 25 percent of the capaCIty of the two umts taken together

GIven the above mformauon, we recommend the shutdown of the Petrobrazt ethoxylate umts and
the transfer of glycol-based products to ArpechIm where feasIble Domesllc customers currently
purchase ethoxylates from Petrobrazt for a vanety of uses Cholme chlonde IS sold to the
agncultural sector for use as a hvestock growth stImulator Other uses of ethoxylates mc1ude
detergent SynthesIS, explOSIVes, and petroleum processmg apphca1J.ons, mc1udmg aromaucs
extracllon, gas desulfunzauon, and 011 demulsIficauon Chern Systems dtd not prOVIde
recommenda1J.ons regardIng these umts
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Section 5

NeIther umt IS mtegrated With an operatIng propylene source that IS capable of proVIdIng
suffiCIent propylene for sustamed operation Each urnt must rely on propylene supphed at low
volume from the local refmety, supplemented by outsIde propylene purchases ChemIcal-grade
propylene from the FCC of each refinery IS punfled to polymenzatIOn spectficauons usmg
dtstJ.1latIon eqUlpment assOCIated With the local stearn cracker located Wlthm the petrochemtcal
plant FIgure 5-8 illustrates the operatlng configuratIOn of both propylene umts

The followmg factors adversely mfluence the VIability of the ethoxylate umts at Petrobrazt

• The ethoxylate umts are essenually unrelated to other petrochemtcal and refinmg
operanons at Petrobrm m terms of process technology or markets served

• All feedstocks, mcIudmg ethylene OXIde, are purchased from other chemtcal Sites
The procurement of ethylene OXide, a volatlIe matenal, mvolves nulcar transport from
Arpech1m and several transfer steps Ethylene OXIde shtppmg losses are not known

• All of the ethoxylate umts are small m scale, and all currently operate at low
produc1J.on rates rela1J.ve to theIr capacIlles
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Figure 5·8 Operatmg Configuration of Polypropylene Units at Petromldla and Petrotel

Contmuous operatlon based on FCC propylene alone IS not feasIble because the supply IS too
small In the absence of adwtlonal propylene, batched operaaon IS necessary, WIth altematmg
penods of operation and shutdown At Petromuha, propylene from the local FCC has been
supplemented by outsIde feedstock purchases of both chemIcal-grade and polymenzatIon-grade
propylene to pennlt extended polypropylene operatIng runs

5 3 72 Viability Assessment

ApphcatIOn of the VIability model to the polypropylene umts mvolved two speCIal consIderations
FIrst, no recent cost data were aVailable for the Petrotel urnt because of Its prolonged outage
durmg 1994 and early 1995 Second, a cost basIS for chemIcal grade propylene, the major
feedstock, had to be estabhshed
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Refinery

Section 5

Petrorrndta's polypropylene UnIt has operated m all years smce Its startup m 1988 The Petronnd.Ia
steam cracker has been operated successfully and could be restarted m the future to proVIde suffiCIent
propylene volume to supply the PetrOlDldIa polypropylene UnIt at capacrty Petrotel's polypropylene
urnt has expenenced lengthy shutdown penods, for example, It was restarted m July 1995 after a
shutdown lastmg 18 months The Petrotel steam cracker was dIsabled m a senous accIdent and only Its
back-end punficatlon system IS now operable Therefore, no foreseeable scenano can provIde the
Petrotel UnIt an mtegrated source ofpolymenzatlon-grade propylene that IS adequate to sustam Its
operation at Its capacrty productlon rate

PetronndIa IS the more expenenced of the two plants m polypropylene productIon, and Its staff
has Implemented severallIDprovements and Innovations PetromIwa's product handlIng and
shIppmg capabIhtles are vastly supenor to Petrotel's PetromIwa's advantages mclude supenor
packaged qualIty and bulk product shIpment capability PetroIDlwa also has developed an onsIte
pilot plant where plastic products, mcludmg fIlm bags, bottles, and pIpe, are produced under test
condItIOns The PetromIdIa staff IDtends to utlhze thIs pIlot plant to strengthen the company's
pOSItiOn as a polypropylene wholesaler through an Improved understandmg ofcustomer
apphcatlons and product perfonnance requrrements
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Figure 5·9 Polypropylene Vlablhty Assessment

In the first scenarIO, current polypropylene volume IS equally dtVlded between PetromldIa and
Petrotel and each operates at 25 percent of capaCIty In the second scenano, current volume IS
produced by a smgle urnt operatmg at 50 percent of capaCIty In the thIrd scenarIO, a smgle unIt
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Section 5

When a market pnce based on mtema1J.onal trade was apphed to the chenncal-grade feedstock,
the financIal assessment mwcated a lngh cost/value ratIo based on Petronndm's 1995 operatmg
costs for polypropylene - total costs, mcludmg steam cracker operatmg costs for propylene
punfica1J.on, exceeded feedstock value Smce no praC1J.cal means currently eXIst for refmenes to
trade propylene m world markets, feasIble local uses proVlde the only means for estabhshmg pnce
For thIs reason, It could be argued that FCC cheIDlcal-grade propylene should be pnced at Its fuel
value at all Romaman SItes

In our analysIs, an estImated market pnce (assunnng mtematIonal tradIng capability) was used
Market pncmg supports the goal of analyZIng Romama's petrochemIcal operatIons m a manner
consIstent WIth market condItIons m the long run Thts approach IS also consIstent WIth the long
range reqUIrements of regIOnal and global compe1J.1J.veness

The use of eqUlvalent cost data for both PetrOl1l1dla and Petrotel proVldes a measure of the cost
penalty for opera1J.on of two urnts rather than one FIgure 5-9 gIves cost/value ratIos for four
opera1J.ng scenanos

In the absence of cost data for Petrotel, PetromIma's cost InformatIOn for 1995 was apphed to
both umts on the basIS ofeqUlvalent technology and capaCIty Thts approach probably understates
Petrotel's costs because of PetroIDlwa's greater cumula1J.ve expenence m polypropylene
manufacture Petronnwa's greater expenence suggests that Its operatIng costs are lower because
of greater learnmg-curve benefits
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538 Aromatics Derivatives

We recommend shutdown of the Petrotel polypropylene urnt The Chem Systems study also
recommended shutdown of tills urnt

operates at 75 percent of capacIty, producmg a volume of polypropylene consIstent WIth demand
levels m the year 2005, based on the demand projectIOn presented earher
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Section 5

G1ven Petronud1a's decISIve advantage, the Petrotel urnt IS nonVIable because

• Petrotel's operatIng costs cannot be Improved by SImple means

• Based on the demand projectIons, near-term demand does notJUstIfy operatIOn of the
Petrotel urnt

The need for Petrotel's polypropylene capability mIght be argued under a demand scenarIO
mvolvmg lugh short-term polypropylene reqUlTements However, the fixed costs for combmed
operatIOns of the Petrotel steam cracker punficat:J.on system and the Petrotel polypropylene urnt
are SImply too hIgh to JustIfy cont:J.nued polypropylene productIon at Petrotel Furthermore,
Petrotel's erratIc, low-volume operat:J.on precludes real Improvement m manufactunng
effect:J.veness

TIns VIability assessment illustrates the severe dIsadvantage that mgh fIXed costs Impose on
petrochemIcal urnts operated at producnon rates that are low relatIve to capacIty Current
propylene operanon should be hmIted to a smgle urnt We recommend operanon at PetrOmIdla
(rather than Petrotel) because of PetrOmIdla's greater expenence level, Its shIppmg capability, Its
export pOSl1J.on, and Its supenor marketIng program In adwtIon, an mtegrated, cost-effectIve
source of propylene for future operatlon IS potentIally aval1able only at PetromIdIa

In the last scenarIO, full capacIty u1J.hzanon IS assumed, and the polypropylene urnt IS supphed
WIth polymenzanon-grade propylene at an estImated market pnce The cost/value rano shown
above at 100 percent of capacIty IS an upper estlmate of thIs rano because polymenzanon-grade
propylene could probably be supphed by a local stream cracker at a transfer pnce lower than the
estImated market pnce Thus, If future operatIon of the PetromIwa steam cracker IS feasIble, the
VIability of the PetromIwa polypropylene urnt would be sIgmficantly enhanced Cost-effectIve
opera1J.on of the Petromiwa steam cracker IS feasIble only when the demand for ethylene-based
products Justlfies sustaIned steam cracker operatIOn The startup of the PetromIdla steam cracker
to supply both ethylene and propylene m response to nsmg polyolefm demand IS reVIewed
elsewhere m thIs report

53 8 1 Aromatics Production

Benzene, toluene, and mIXed xylenes (collect:J.vely, BTX) are currently produced at PetrobrazI,
ArpechIm, and Rafo The aroma1J.cs umt at PetrOmIdia IS not m servIce At Petrobrazl, a xylene
separanon umt produces the xylene Isomers para-xylene and ortho-xylene Projects planned at
PetroIDlwa and Rafo WIll, If Implemented, prOVIde the capability to produce para-xylene and
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The aromaucs umts Wlth xylene 1somer separanon at Petrobrazl, PetroIDlwa, and Rafo have been
mcorporated mto the PllvIS refinery model The overall refinery optmuzauon by PIMS will
allocate reformate feedstock to these aromallcs urnts

ortho-xylene through the mstallanon of PAREX separanon technology hcensed from UOP The
PAREX process, based on molecular S1eve absorpllon, 1S also scheduled for mstallatlOn at
Petrobrazl to 1mprove para-xylene Yields

The Vlability of umts that convert para-xylene, ortho-xylene, benzene, and propylene to
petrocheIDlcal products 18 assessed below The assessment also covers the new butane-based
process to produce male1c anhydnde F1gure 5-10 shows the umts at Petrobrazl that produce
dlmethyl terephthalate (DMT), phthahc anhydnde, male1c anhydnde (from two dIfferent
precursors), acetone, and phenol The PetrobraZl refmery 1S capable of producmg feedstocks for
all those processes
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Figure 5-10 Aromatics Derivatives Flowchart and CostlValue RatiOS for Petrobrazl
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Table 5-2 Comparison of Arpechlm and Petrobrazl Production of OMT

Arpechnn's lower cost/value ratIo for DMT IS not surpnsmg smce Its DMT productIon rate IS

hIgher, as shown m Table 5-2

Smce DMT IS also produced at Arpeclnm, the Arpeclnm urnt IS compared WIth the PetrobrazI urnt
In the bar chart m FIgure 5-10 The DMT urnt IS the only umt at Arpechtm that IS not mtegrated
WIth Its steam cracker Arpechtm must purchase the major DMT feedstock, para-xylene, from
outsIde sources A thIrd DMT urnt, at PetronndIa, IS now shut down

At present, DMT utlhzatIon levels are low for both the Arpeclum and the Petrobrazt urnts
Because only the Arpeclum urnt has adequate capaCIty to meet current demand, productIOn can be
consohdated only by haltIng the productIOn at PetrobrazI Therefore, we recommend the
consohdatlon ofDMT productIon atArpechIm and the shutdown of the Petrobrazt DMT urnt
OperatIon of the thrrd DMT urnt at PetronndIa, does not appear JUStIfIed for the foreseeable
future

528
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Item Arpechlm PetrobrazJ

Annuahzed DMT volume, 103tpy 35 18

Nommal DMT capaCity, 103tpy 70 50

Current DMT capacity utIhzatlon, % 50 36

Section 5

53 82 ViabilIty Assessment

FIgure 5-10 shows the cost/value ratIos for the SIX urnts Note that the cost/value ratIo for the
phenol/acetone urnt IS hIgh, mchcatIng value destructIOn In fact, conclusIons regardmg thIS urnt
are chfficult because the cost data proVIded by the PetrobrazI staff were mcomplete and because
productIon outages (caused by refmery FCC outages and other feedstock mterruptIons) severely
penalIzed the phenol!acetone umt's cost performance durmg the data collectIon penod

FIgure 5-10 md1cates low cost/value ratIos for the Petrobr3.Z1 UnIts that produce phthalIc
anhydnde and maleIC anhydnde The deCISIon to close the PetrobrazI refinery will, of course,
d1srupt current feedstock supphes to all of the petrochenncal UnIts producmg aromatIc denvatIves
at Petrobrazt Wlnle the anhydnde UnIts appear to be econonncally VIable, these operatIOns
cannot be sustamed m the absence of rehable and cost-effectIve feedstock sources We therefore
recommend closure of the Petrobra.zJ. umts producmg phthalIc anhydnde and maleIC anhydnde as
well as the urnt producmg phenol/acetone
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54 1 Petrochemical Opportumty

The ra1lonahzatlon steps presented ill the preVIous secllon will lead to a more VIable and focused
manufactunng system Rallonahzatlon will strengthen the manufactunng base to meet growmg
domes1lc and regIOnal demand

\tt
529
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Figure 5·11 Polyolefln Demand Scenarios
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Pamcularly m the area of polyolefins, demand scenanos should be consIdered that take mto
account the potenllal requrrements of new customer groups Based on a reVIew of polyolefm
demand WIth Rafrrom, potentlal demand for film products (packagmg) for agncultural uses and
for cement packagmg and other heavy-duty packagmg apphcations may mcrease domestic
demand for polypropylene, low-densIty polyethylene, and mgh-denslty polyethylene by roughly
20,000 to 25,000 tpy by the year 2000 FIgure 5-11 illustrates thIs polyolefm demand scenano as
an mcrement to the demand proJecllon presented earher

The OPPOrtunIty to meet nsmg petrochenncal demand from a strengthened operallonal base must
be balanced by a keen awareness of compelltIve threats

• The rallonalIzed system m Romama will contmue to operate at a cost dIsadvantage
relatIve to leadIng global competitors, some of wInch will enter the Romaman
market

• LlIDlta1lons ill Romama's mstalled process technology will restrIct product fleXlbIhty,
qUalIty, and product value relatIve to major foreIgn compe1ltors

• InternatIonal petrochemIcal producers pose a contInumg threat to RomanIa's exports

54 STRATEGIC RECOMMENDATIONS
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54 2 Petrochemical Strategy

These recommendanons lIDply two slgmficant changes m operanonal and markenng management
a wtlhngness to seleC1lvely forgo short-term sales, and umfymg mechanISms m petrochemIcal
management to effectIvely coordmate operational changes

5422 CapacIty UtIlIzatIon

An appropnate strategy for capaCIty planmng wtl1 be an essennal element of RomanIa's strategy
for manufaetunng cost control FIgure 5-12 presents three fundamentally dIfferent capaCIty
strategIes m the first strategy, capaCIty 18 added before demand anses, m the second, capaCIty
mcrements are planned to roughly match demand, and m the thud, capaCIty lags demand The
appropnate chOlce of strategy depends on a weIghIng of fmanclal nsks Where lost potennal sales

542 1 Strategy Summary
A balanced reVIew of these opportum1les and threats leads to two recommendanons

• Enhance the cost-effecuveness of the sector by rnamtammg high capaCIty utlhzanon
to sansfy nsmg demand as producnon rates mcrease

• Enhance markenng effec1lveness by targenng VIable and growmg domestIc customers
and by formtng dIrect rela1lonshIps WIth export customers, rather than mtermemary
agents

5-30
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Section 5

The cost advantage enjoyed by major competItors results from both scale advantages and process
advantages For example, the capaCItIes ofleadmg Western European polypropylene plants he m
the range of 100,000 to 300,000 tpy, compared to PetroIDldIa's capaCIty of 60,000 tpy A
companson of polyethylene plant capaCItIes reveals a slID.l1ar contrast, Arpechnn's LDPE and
HDPE capacItIes of 80,000 tonnes and 60,000 tonnes, respecllvely, are small With respect to the
capacrtles of global cost leaders Leadmg Western European producers also benefit from
technology advantages For example, hnear low denSIty polyethylene (LLDPE) technology offers
processmg fleXlbilines that Improve productIon costs and broaden the range of feasIble value
added polymers

A reVIew of petrochemtcal exports reveals general weakness m Romania's commercIal posrtlon
Pracncally all exports are sold through chemIcal traders on a spot basIS and WIthout long-term
contractual COmmltments Efforts by both the enterpnses and by Romaman export agents to
secure term contracts have been unsuccessful SIte commerCIal managers and export agents
mtervtewed m Romama expressed the opmlOn that export customers, particularly those m
Western Europe, are unwtlhng to accept term contracts because Romama IS not perceIved to be a
fully rehable suppher The reluctance of export customers to approve term contracts probably
reflects a VIew of RomanIa as a margmal petrochemtcal suppher and an appropnate source to fill
only temporary product needs
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result m an unacceptable OpportunIty cost, the first strategy IS appropnate Where lngh unIt costs
of production pose an unacceptable nsk, the thrrd strategy IS appropnate

In fact, the ethylene capaCIty mcrement shown (100,000 tpy) IS about half of the full capaCIty of
the steam cracker at ArpechIm OperatIOn at tIns productIon level would reqUIre partIal shutdown
of furnace capaCIty and operatIon of the compreSSIOn and punficatIon sectIons of the steam
cracker umt at hIgh recycle rates We have assumed that tIns productIon rate IS the lowest
feasIble operatIng level for reasonable steam cracker operatIon and control

5-31
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Figure 5·12 Three Capacity Strategies
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Section 5

The second, mtermedIate strategy IS appropnate when demand growth rate cannot be prOjected
WIth hIgh accuracy and when feasIble capaCIty mcrements are large (and costly) WIth respect to
mcremental demand In such a SItuation, the first strategy would lead to very low capaCIty
utIhzatIon and hIgh costs followmg the expansIon of capaCIty, the thrrd strategy would lead to a
very lngh opportunIty cost due to lost sales pnor to the expansIOn of capaCIty An enterpnse that
adopts the second strategy IS compelled to forgo sales selectively when capaCIty falls short of
demand The second strategy IS recommended for the management ofRomaman polyolefms and
for the other major petrochemIcals assessed WIthm the scope of thIs project

In broad terms, capaCIty plannmg for Romaruan petrochemIcals has lnstoncally been conducted m
accordance WIth the first strategy, leadmg to excessIvely lngh costs These costs have been
exphcItly reVIewed for both polypropylene and DMT Our VIability assessments lead to
recommendations for rationalIzation to create a manufacturmg system that can be effectively
managed under the second strategy, balancmg the nsk of lugh production costs agamst the nsk of
lost sales FIgure 5-13 presents a two-step scenano for the expanSIOn of ethylene capaCIty WhICh
IS consIstent WIth thts strategy The first step represents the completIOn of the planned Arpeclum
stearn cracker revamp, the second the startup of the Petromldta steam cracker The graplnc
mdtcates a productIOn shortfall pnor to each of the capaCIty mcrements The allure of short-term
sales OpportunIties, however, must be reSIsted for the sake of htgh-capaCIty utlltzatIon and low
urnt costs under thIS approach
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The enterpnses must 1ID.prove therr understandmg of domesnc and export customers m order to
IdentIfy attracnve customer groups and to develop effectlve strategIes for servmg them FIgures
5-14 and 5-15 mdicate estlmated 1995 petrochemIcal shIpments The estlmates are based on

542 3 Petromldla Steam Cracker Startup

FIgure 5-13 mchcates startup of the PetrOlmcha stearn cracker pnor to the year 2000 The optmlal
startup schedule cannot be precISely determmed based on current mformanon Table 5-3 shows
some of the key factors that will mfluence the tmung of tlus declslOn

5-32
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Figure 5·13 Ethylene Capacity ExpanSion
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5424

Issue Impact on Startup Timing

PotentIal rapid growth m demand HIgh growth m demand would pemut cost-effectIve steam cracker
for ethylene denvatIves operatIon at an ear1J.er date

Rapid demand growth lD propylene Increased propylene reqmrements for denvatIves mcludmg polypropylene
denvatIves, creating an overall and ACN, coupled With unantIcipated problems m the transport of FCC
propylene shortage propylene, could threaten propylene supply for polypropylene

manufacture at Petromuha.

CapaClty constralDts affectIng Very hIgh near-term demand growth ill HOPE, LDPE, or glycols could
Arpechtm's polyethylene or glycol create a denvattve capacity consttamt at Arpechtm. With lost sales m
umts spite of adequate ethylene supply The resultIng sales opportumty would

lDcrease the lDcentIve to accelerate the Petroffildla steam cracker startup
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Figure 5·14 PetrochemIcal ShIpments (Tonnages)
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tonnage and current market value, to customer groups m Romama and to export customers
Estlmated current sales to these customer groups are based on mformatlon obtaIned from the
enterpnses and from Rafirom Major domesllc customer groups Identlfied m thIs study mc1ude
manufacturers of synthetIc yarns and fibers, plastIcs products, constructIon products, parnts and
varmshes, automouve products, and robber products Low-volume customer apphcauons mc1ude
detergents, petroleum processmg, metals processmg, mks and dyes, and pestlCIdes
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These enhancements m market Informauon will make It easy to IdentIfy truly attractive customer
segments, those capable of provIdmg large and growmg sales margms Furthermore, the
rehabJ.hty of product demand projectIOns can be lmproved An lIDproved understandmg of future
shIfts ill product volumes Will result, leadmg to more effecuve planmng of manufactunng
technology and capaCIty

In the case of export sales, current rehance on cheffilcal traders poses a bamer to the meamngful
understandmg of customer requrrements and attractIveness Drrect contacts WIth current and
potential export consumers are the only feasIble means to estabhsh fum export partnersmps and to
gam useful customer 1llSights In adilltlOn, dIrect hnkages to customers m export markets
probably proVIde the only means to secure term contract comml'tments for export sales By
slnftmg export sales from spot trades to term contracts, the enterpnses can extend and stabilize
manufactunng plannmg

A reVlew of the customer data presented here mdtcates that the current segmentatlon of
customers 18 not adequate for market planmng purposes The defImtIon of these segments 18

largely techmcal and product-based, rather than customer-based PlastIcs customers, for example,
mclude customers ill packagmg, constructIon, agnculture, and other dIstInct mdustnes Thus, the
current categonzatlOn of product volumes to customer segments does not permIt a clear
assessment of customer VIability or potenual growth To prOVIde mformauon that can support
market plannmg for Romaman petrochemIcals, customer sales mformauon should be evaluated on
the basIS of customer segments that are

• Measurable, m terms of sales volumes, COntrIbutIOn margm levels, and growth rates

• DIstrnctive, ill ways that lead to effecuve, tallored strategIes for servmg each group

• Substantial, ill terms of current or prospecuve sales

Table 5-4 summanzes the petrochemICal pohcy, market, and operatIOnallSsues

(10
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Issue Implrcatlons Recommendations

PolIcy Issues Drrect and mdtrect Market mstoruons and Elmunate all formal and mformal
pnce controls d!smcentlves regulatlons

Petrochenucal SItes The manufactunng system as a ProVlde mtegrattng and
operate mdependently, whole does not capture optmlal coordmattng management to
and WIthout clear fmanClal value due to lack of optnruze capaCIty mcrements and
strategIc drrectIon m coordmatlon m capaCIty technology mvestments
areas of common planmng, technology, and
mterest market strategy

Market Issues FaJlure to IdentIfy Markettng strategIes are less Evaluate domestlc and regIOnal
VIable and finanClally than opttmum, and do not dtrect customers usmg segments that are
attractlve customer plans and resources toward measurable, chsttnctlve and
groups profitable sales substanttal

Vulnerability m Uncertamty m future sales No Form dIrect relatlonshlps WIth
exports, WIth rehance basIS to form meanmgful export current and potenttal export
on spot trades through partllerships customers
agents

OperatJonal Fragmented and poorly Hlgh productIon costs and low Ratlonal1ze the manufactunng
Issues focused manufactunng rates of learnmg-based system based on finanClal VIability

ooprovements

Inadequate mODltonng Fallure to adopt optlmal process Improve process mstrumentatlon,
and benchmarkmg of control strategIes and operattng define and manage to KPIs, and
manufactunng praCtlces penahzes cost benchmark to mdustry leaders
processes performance

Excess capacIty Low capaCIty utlbzatlon, leachng Rauonallze manufactunng
to hIgh umt costs Pursue a capaCIty strategy that

balances capaCIty uttltzauon WIth
lost sales

Cost repomng systems Reported costs do not facilitate Ahgn cost systems WIth the
do not fully support technology benchmarkmg, and natural operattng boundaries of
operatlons management do not prOVIde adequate mchVldual umts
at the UDlt level gUldance for cost IDlprovement

Inadequate Weak commumcatlon across Form cross-functlonal teams to
commumcauon across vert1cal1y defined organlZauonal enhance mformatlon and planmng
busmess functlOns boundaries retards mformauon processes

flow and Impedes plannmg

PetrochemIcal Sector Assessment

1018/97808 AMllwln \97 5474\5474c006 doc

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Section 5

Table 5·4 Summary of Policy, Market, and Operational Issues
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6 1 INTRODUCTION

6-1

Distribution
and Marketing

• Consumer perception of
poorquahty

• Little expertise In
marketing of branded,
differentiated products

• Formidable foreign
competition m attractive
market segments

Lubncant
Manufacture

• Inadequate quality due
to obsolete technology

• High costs due to poor
yields and low capacity
utilization

• Limited and infleXIble
process configurations
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Figure 6-1 Romaman Lubricants

Oil Refining 
VGOsand

Bright Stock

• Feedstock
Inconsistency due to
vanatlon In crude
compoSition

• Feedstock supply
interruptions

Value
Chain

Major
Issues

Lubricants Sector Assessment

Lubncant fac:w'tles are mtegrated ill fIve of the state-owned manufactunng complexes Astra,
Petrotel, Arpeclnm, Vega, and Steaua Romana Lubnfm, a pnvately owned lubncant refmmg
operallon, processes mtermedIate feedstocks from state-owned lubncant plants All of these
fac:ilitles are senously dtsadvantaged WIth respect to foreIgn compel.ltors Our analysIS of the
lubncant sector has shown that lllllllewate changes are urgently reqUIred to mtllgate the effects of
the most severe weaknesses m manufactunng and marke1lng TIus analysIs has taken rnto account
the recommendallons of the refinery rallonaltzallon strategy, whtch calls for the closure of two
large refinenes, Petrobrm and Petrotel, and two small refmenes, Vega and Steaua Romana

Section 6

FIgure 6-1 shows the value cham for Romaman lubncants m generaltzed form, hnlang lubncant
productlon WIth the Oll refimng sector, the source of feedstocks, and With lubncant dtstnbullon
and marke1lng The figure htghhghts sIgmficant problems at each step of the value cham
Lubncant manufactunng IS plagued by obsolete technology, low ytelds, and mfleXlble process
configuratlons Very htgh manufacturmg costs and poor product quahty result from these
operallonal madequacies Of the five state-owned manufacturmg SItes, three - Arpechtm, Vega,
and Steaua Romana - are not VIable and should be closed

10/8/978 16 AMfrN/n \97 5474\5474c007 doc

Marke1lng efforts are hampered by poor product qualtty and by a lack of marketmg expemse
Owmg to thIs poor qualtty, pnvate vehtcle owners, who represent the most attracl.lve customer
segment, have abandoned Romaman lubncants m favor of lIDported lubncants Romaman
manufacturers cannot recapture the pnvate vehtcle segment because they lack essenllal
capabilil.les and skIlls, and because they cannot acqurre these capabililles and skills at reasonable
cost Romaman manufacturers are capable of servmg therr capllve mdustnal and commerCIal
automotlve customers m the short term However, Romaman supphers must qUlckly develop the
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62 OVERVIEW AND CURRENT STATUS

necessary capabilitIes and slalls to serve the mcreasmgly strmgent reqwrements of therr mdustnal
and commercIal automotlve customers, or nsk the loss of these customer groups, as well

The sectlons that follow present an overvIew of the Romaman lubncant market, an assessment of
manufacturIng VIability, and recommendatIons for the management of RomanIan lubncants
followmg the severe ratIonalIzatIon of the lubncant manufactunng sector

Our recommendatIons are based on a reahstIc appraIsal of operanonal capabilitIes and of market
reqUlrements Rapid and VIgOrouS lIDplementanon of these recommendatIons IS necessary to stem
the financial losses caused by the nonVIable operanons WithIn the sector and to more favorably
pOSItIOn the potentIally VIable operatIons

6·2
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Table 6·1 Market Segmentation for Romanian Lubricants

Section 6

621 lubricant Market

Table 6-1 presents a very slIDple market segmentatIon scheme for RomanIan lubncants, mdlcaung
representatIve customers, products and apphcatIons, purchasmg deCISIOn-makers, and buyer
values In general, the market may be diVIded mto two customer segments mdustnal (pnmanly
lubncatIon for statIOnary eqUIpment) and automotIve (pnmanly lubncatIon for automobiles and
trucks) A further segmentatIon of automotIve customers between commerCIal customers and
pnvate vemc1e owners IS useful because these two groups adopt slgmficantly dIfferent deCISion
processes for the purchase of lubncants

10181978 16 AM/min \97-547415474c007 doc

Commercial
IndustrIal Automotive Pnvate

Representauve Fabncated metal manufacturers Agnculture Pnvate velncle owners
Customers Chenucals and allied products ConstrucUon firms

Transportation eqUIpment Fleet operators
Mmmg operators Mmmg operators
Pulp and paper

Products and IndustrIal engme oils (raIlroad, Commerctal engme Passenger car motor oIls
Apphcauons manne, gas) oils Brake and transnusslOn

General mdustnal oIls (hydrauhc, Gear, hydrauhc, and flmds
gear) transrrusslon otIs
Metalworkmg flUIds Greases

Purchasmg State sector procurement agent represenung a state fum IndtVldual customer
DeCISion Maker
Buyer Values Pnce, and lei denommatlon ofpurchases Product qualtty

State sector supply relattonsblps Product availability
Product availability and rehability of dehvenes Pnce
Product auility
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FInished lubricant > D Istrlbutlo nf > C u sto me rsManufacturIng RetaIling

Note that buyer values winch mfluence pnvate vehIcle owners are dramatIcally dIfferent from
those winch mfluence purchasers WIthIn the mdustnal and commerCIal automotIve segments
These values reflect profound dIfferences m the motIves underlyIng lubncant purchasmg
decISIOns

FIgure 6-2 shows the dlstnbutIon of lubncants to the three major customer segments and
Inghhghts three pnmary channels oflegttlmate dIstnbutIon (1) drrect shtpment from domestIc
lubncant manufacturers, (2) d1stnbutIon VIa county PEeo packagmg and dlstnbutIon centers, and
(3) dtstnbutIon VIa other domestIc and foreIgn retatlers

Lubncants Sector Assessment

Ind ustrlal
Customers

P rlva ta
A utom otlve
C u sto me rs

Com m erclal
AutomotIve
Custom ers

p

Fo re Ig nan d
Independent
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B
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Figure 6-2 Distribution of Lubricants
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Romanian
Manufacturers

-------- Indicates Imported product

P Denotes packaged product

B Den 0 te s bulk pro duct

....--------, ~~

Fore Ig n ~- p
M anufacturars

SectIon 6

These conclUSIOns regardIng purchaser motIvatIOn are drawn from mtefV1ews WIth manufactunng
SIte personnel, WIth PEeo staff, and WIth representatIves of mult1natIonal petroleum firms
engaged m the lIDportanon of automotIve lubncants to Romama The conclusIOns are supported
by the lubncant demand analysIS presented Secnon 6 23

In the mdustnal and commerCIal automotIve segments,lubncants are purchased WIthIn an
mstItutIonal settmg dommated by tradItIonal supply Imkages between state-sector organIzanons
State-sector purchasmg agents appear to be motIvated by a desrre to promote Romaman self
suffiCIency through procurement from RomanIan supphers In addItIon, state agents are lumted to
lel-denommated purchases at low pnces Pnvate vehIcle owners, on the other hand, place hIgh
value on the perceIved qualIty of a lubncant for the protecnon of pnvate autos, whIch represent
sIgmficant personal mvestments
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622 Lubricant Manufacturmg

Figure 6-3 charactenzes the finIshed lubncant manufactunng configuratlons of fIve of the SIX
Romaman plants, hsted ill descendIng order of 1994 prodUCTIon

Our team VIsited a number of PECO retatl staTIons m Romama Romaman packaged lubncants
were less attraCTIve m appearance than tmported lubncants They were dark, cloudy, and m some
cases contammated WIth large particulates Although It IS not possIble to precIsely IdentIfy the
pomts m the lubncant value cham where the products are compromlsed, we suspect that
contammatlOn may occur throughout the manufactunng and dtstnbutron systems Poor color and
clanty probably result from base stock manufacture at Romantan plants Partlculate
contamInanon may be illtroduced at refmenes, m blendIng, ill bulk dtstnbutlOn to the county
PECOs or m the packagmg process

Industnal and commerCIal customers normally receive large volume dehvenes of bulk Oll dIrectly
from Romantan lubncant manufacturIng plants, and smaller dehvenes of either bulk or packaged
product from the county PECO facthtles VIrtUally all of the domesnc fImshed lubncant
packagmg capacity m Romama resides m the county PECOs Manufacturers slnp bulk fIDlShed
lubncants (base ous plus addtnves) to these PECO Sites m raIlcars or tank trucks for repackagmg
mto bottles, paIls, and drums for resale at reta1l statlons or for shipment to mdustnal and
commercial automotlve customers Pnvate consumers may purchase either Romaman or
tmported lubncants from PECO retall staTIons, or Imported lubncants from retatl staTIons operated
by other domeSTIC or foreign firms

6-4

Lubncants Sector Assessment

I = In line
B= Balch
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Privately owned
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A bnef plant-by-plant summary follows

Lubnfin IS a pnvately held lubncants refmmg operatIon located m Brasov Lubnfin's
confIguratIon IS notable for two reasons FITst, Lubnfm operates at a severe lOgIStIcal
dIsadvantage because the SIte has no dlstlllatIon capaCIty ThIs means that Lubnfin must process
mtermedlate feedstocks from the other plants and manage all of the asSOCIated vanability m

Our recommended shutdown of the Petrotel refInery will remove the local source of hydrogen
used on the hydrofimshmg step Because of the cost and dIfficulty of transportmg hydrogen from
remote sources, Petrotel's lubncant operatIon Wl11 probably be 1lIDlted to clay treatment, a more
costly and less effectIve process, for lube base stock fimshmg ThIS restnctIon will further
mcrease the technologtcal challenges that Petrotel's lubncant management must overcome to
become commerClally VIable

Petrote1 processes paraffimc crudes mto bulk fimshed lubncants through furfural-based aromatIcs
extractIon, MEK dewaxmg, and both clay and hydrofimshmg steps The solvent extracuon and
dewaxmg processes were both mtroduced m the 1950s They were based on RUSSIan technology
and appear to be III generally poor mechamcal condIuon WIth technology of thIs vmtage, It IS
unlIkely that Petrotel can produce a pnvate vehIcle motor 011 of a color and clanty that consumers
Wl11 find appealmg

6-5
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Petrotel (Plolestl)

Astra (Plolestl)

Lub"fm (Brasov)

Section 6

Astra IS the largest producer and was configured to process domestIcally sourced naphthemc
crudes, whIch contam very httle wax As a result, the plant has no dewaxmg capability Over the
past several years, wax contamInatIon, pnmanly mtroduced by substItutIon of paraffinIc crudes for
unava.l1able naphthemc crudes, has caused both operatIng and qualIty problems for the plant
Astra has responded ill two ways (1) It has attempted to use Its hydrof1D1shmg area as a catalytIc
dewaxmg urnt, Wlth unsatIsfactory results m terms of lubncant qua1Ity, and (2) It has shIpped the
solvent-extracted stocks to Lubnfm for dewaxmg ThIs approach adds cost due to transport and
losses

The block wagram presents the essential processmg steps necessary to produce fImshed
lubncants Technologtes ava.l1able to carry out each processmg step are mdIcated For example,
the process step labeled "refInmg" mvolves the removal of aromatlcs to lIDprove the VlSCOSIty
attnbutes of the lubncant There are three process technologIes represented m the Romaman
plants extractlon Vla furfural solvent, hydrocrackmg, and chemIcal treatment WIth sulfunc aCId
followed by neutrahzatlon WIth caustlc soda The tabulation m FIgure 6-3 mdIcates the
technology practIced at each plant

6222
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supply Second, owmg to Its remote locatlOn, Lubnfin has no hydrogen source Lubnfin utthzes
an annquated clay-based fimshmg process whtch, m the long run, will be unable to produce
lubncants that meet mcreasmgly stnngent qualtty standards

The figures III the table represent volumes of filllShed lubncants COllSlStlng ofbase stocks and
addtnves Total RomanIan domesnc demand III 1994 was 350,000 tonnes, COllSISung of
320,000 tonnes of base stock plus 30,000 tonnes of addlnves The estlmate of total domesnc
consumpnon was prOVided by Rafirom The data needed to estlmate domesnc sales of Romantan

Steaua Romana was not VISited as a part of thIs program It IS beheved that the SIte produces very
low volumes of petrolatums (speclahzed whtte OllS for personal care and cosmetlc apphcanons)
Our refinery ranonaltzatlon strategy calls for the shutdown of the Steaua Romana refmery As m
the case of Vega, the shutdown of the asSOCIated refinery will ehmmate the local feedstock
source, further weakenmg the Viability of the lubncant operanon

6 2 3 Lubricant Demand

A 1994lubncant supply/demand balance IS shown m Table 6-2, mdtcatlng the relanve demand for
mdustnal, automonve, and export lubncants Table 6-2 also gives supply levels from Imports and
from each of the SIX manufactunng SItes The two largest Romaman manufacturers, Astra and
Petrotel, produce lubncants for both mdustnal and automonve customers Lubnfm and the two
smallest manufacturers, Vega and Steaua Romana, produce only mdustnallubncants
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5teaua Romana (Plo,est,)
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622 4 Arpechlm (Pltestl)

Arpeclnm has two lubncant plants Its solvent extracnon plant (whtch m profile closely resembles
the Petrotel process) was shut down m 1983 because of crude supply mterrupnon Smce 1990,
Arpeclnm has expenmented on a pliot basIS Wlth a Romaman technology, and m 1994 produced
9,000 tonnes In Its current configuranon, the operanon IS mcapable of producmg htgh-quahty
lubncants The hydrodewaxmg urnt (whtch IS actually the hydrofimshmg operatlon from the
ongmal solvent extracnon lubncant block) IS rrnsmatched m capaCIty Wlth the hydrocracker, and
resulung operanons degrade the product VlSCOSlty charactensncs Arpechtm has responded by
selhng the hydrocracked waxy mtermedtate to Lubnfin for further processmg

622 5 Vega (Plolestl)

Vega produces a small quannty oflow-qualtty lubncants through an obsolete, envrronmentally
unsound cheIDlcal refmmg technology Exceedtngly low yIelds result m hIgh processmg cost, and
product qualtty IS poor and erranc Our refinery ranonahzanon strategy calls for shutdown of the
Vega refinery The shutdown of thts refmery will ebmmate the local feedstock source for Vega's
lubncant operanon, further weakenmg the VIability of lubncant manufacture at Vega

6226
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Table 6·2 FInished Lubricant Supply and Demand (103 Tonnes, 1994)

lubncants (211,000 tonnes) and total Romaman productton (233,000 tonnes) were supphed by
plant staffs Imports (139,000 tonnes) were computed as the drl'ference between Romaman
consumptIon and domesne producnon sold to Romaman consumers

Wlule these data proVIde a fact-based pIcture of lubncant supply, domestIc consumptIon, and
exports, the mformatton available from Rafrrom and the plant staffs does not proVIde the relatIve
consumptIon levels of the three major customer groups mdustnal, commerCIal automotIve, and
pnvate velncle consumers The PECO staff was also unable to furnISh thIs mformatIon

Further assumptIons were necessary to develop reasonable estImates of the relatIve proportIons of
commerCIal and pnvate sales wlthIn the automotIve segment IntervIews WIth representatIves of
multlnatIonallubncant lIDporters agam proVIded an lIDpOrtant mSIght RepresentatIves of the
flfllls IntervIewed made clear therr mtentlon to &stnbute lubncants only to pnvate velncle owners,

6·7
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Automobve Industrial Romanian Romanian
Supply Sources Demand Demand Demand Exports Production

Romaman Plants

Astra, PIOleslI 26 78 104 22 126

Petrotel, PIOlestl 47 14 61 61

Lubnfin, Brasov 27 27 27

Arpech1m, PlteSlI 9 9 9

Vega, PIOleslI 6 66 6

Steaua Romana, PIOleslI - ..1 ~ - ..1
Subtotal 82 129 211 22 233

Imports 139 ....Q 139 --
Total 221 129 350 22

Sectron 6
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Important assumpttons are reqUIred to estImate the relatIve consumptton levels of the three
customer segments If It IS assumed that all Imports (139,000 tonnes) were purchased by
automotIve consumers, then the resu1tlng proportIon of automottve lubncant purchases (roughly
60 percent of total domesnc purchases) IS reasonable based on known lubncant consumptIon
levels In comparable econOmIes Two slIDple observatIons support the assumptIon that VIrtually
all Imports were sold to automotIve consumers Frrst, IntervIews WIth representatIves of foreIgn
multInatIonals mdIcated that those fIrms proVIded automonve lubncants only Second, essentIally
all of the Industnal demand for lubncants 15 denved from state-owned firms, and those
orgamzatlons appear unhkely to purchase Imported products GIven therr lack of hard currency,
these state compames are unhkely to purchase mgh-pnced Imports USIng hard currency and,
mstead, prefer to engage m leI-based transactIons Moreover, purchases of lIDported lubncants by
state compames appears lIDprobable ill VIew of the strength of tradItIonal supply relatlonsmps WIth
PEeo
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These observauons led to the conclusIon that lmported lubncants account for a very mgh
proporUon of the lubncant sales to pnvate vehtcle owners ill Romama ThIs IS a Vltal pomt, smce
It tmphes that foreIgn supphers have succeeded m captunng tlns quahty-sensiuve customer
segment, composed of purchasers who accept mgh pnce levels for branded, dtfferentlated
lubncants

and not to commerCIal enterpnses In the opmlOn of these representanves, only pnvate buyers m
Romama would accept the hIgher cost of tmported lubncants (because of perceIved qualIty
dtfferenuauon), and the marketJ.ng of Imported lubncants to commercIal automouve firms would
be dtfficult because the vast maJonty of such compames are state-owned These observanons
suggest that the Import volume, 139,000 tonnes, was duected entIrely to pnvate vehlcle owners
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Notes- • Feedstock (VGOl and base stock pnces are Import panty esbmates (Moo pnce plus $20 per tonne for transport)
• Aslensk ( ) Indicates aslate controlled pnce (Raflrom)

Figure 6-4 Lubricant Value Cham Pricing
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624 Lubricant Pricing

The predommance of Imports Wlthm the pnvate vehtcle owner segment takes on greater
slgmficance when lubncant pncmg IS evaluated FIgure 6-4 presents a value cham pncmg profile
for automotlve lubncants, begmnmg Wlth vacuum gas all (VOO) feedstock ($145/tonne),
followed by lubncant based stock, pnced pnor to addtuve blendIng ($385Itonne), bulk finIshed
lubncant transferred to PECO at the plant gate ($600/tonne), and, finally, packaged lubncant sold
at PECO retaIl outlets to pnvate vehIcle owners ($1,200-1AOO/tonne) The retatl pnce for
lmported lubncants sold at PECO retail outlets IS, ill contrast, roughly $3,OOO-$4,000/tonne
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63 VIABILITY ASSESSMENT

Fffilshed lubncant pnces (plant gate) and retall pnces for Romaman products sold at PEeD
outlets are state-controlled Industnallubncant pnces are also state-controlled In the case of
mdustnallubncants, relevant market pnces for comparable products were not detemnned

An assessment of Romaman manufactunng and dlstnbunon leads to the conclUSIOn that
orgarnzanonal capabilines are madequate m each of these areas In the manufactunng assessment
presented m Secnon 6 2 2, hrrutanons are outlmed that adversely affect quahty and that can be
corrected only by large mvestments

Based on YlSlts to retall outlets ill Romama and on an understandtng of lubncant purchase
deCISIOns m the Western Europe and Umted States, we conclude that the followmg factors are
Important ill the markenng of lubncants to pnvate vehicle owners strong percepnon of product
qualIty, effective brand management, and effectIve d1stnbunon channel management The
ranonale and support for each of these factors are summanzed m Table 6-3
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Section 6

63 1 The Private Vehicle Segment

Imported lubncants account for an overwheImmg share of the sales to pnvate vemcle owners
Romaman capabilines m both manufactunng and dlstnbunon must be assessed m order to
determme whether or not Romaman supphers are capable of recaptunng tlus customer segment.
Tlns seetlOn assesses the Ylability of proYldmg Romaman lubncants to pnvate vemcle owners m
compentron Wlth Imports

The automouve lubncant pncmg proflle dramatlzes the value added m dlstnbU1J.on, as well as the
large prenuum prod by pnvate velncle owners for Ingh-quahty Imported lubncants Lubncant
costs and reta1l margms were not studIed, but sllD.ple estnnates reveal the mgh margm potentral
that could be reahzed IfRomaman lubncants could be sold ill volume to pnvate vemcle owners
Assummg a vanable dtstnbunon cost for transport, packagmg, and handhng below $100Itonne,
the successful dtstnbutor purchasmg finIshed lubncants at the plant gate should realIze a vanable
margm exceedmg $200Itonne, roughly one-tlurd of the purchase cost ThIs IS based on the
pncmg profile presented above, allowmg a retall margill of up to 30 percent. In the case of
lIDported lubncants, vanable margms are appreClably Ingher

The first of these factors, perceIved product qualIty, begms Wlth the manufacture of a lubncant
that has a clear and conSIstent appearance, and extends through packagmg and dIstnbunon.
Product contammanon must be prevented m dlstnbunon, and attracnve packagmg IS necessary to
inspIre customer confidence m lubncant quahty The second and tlnrd factors are lIDportant m
dlstnbunon and retaIhng
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The attractIve dIstnbutlon margm structure descnbed earher strongly suggests that an opportunIty
eXISts m Romama to market lIDported automotIve lubncants ill competIllon WIth other lIDporters

In VISIts to retaIl stallons, we observed that retaIl operators use therr most valuable dlSplay space
for the presentatlon of foreIgn lubncants to retaIl buyers, often relega1lng Romaman lubncants to
remote storage areas not even seen by customers By therr clear chOIces m product space
allocallon, servIce stallon operators seem to have vIrtually abandoned Romaman automollve
lubncants and apparently have concluded that major lIDpOrt brands ment therr strong support as
retaIlers

Our mspeCllon of Romaman lubncants offered for sale at PEeO servIce stallons m Muntema,
Dobrogea, and eastern Transylvama revealed senous weaknesses Wlth respect to merchandlsmg,
brand management, and dlstnbullon channel management The package quahty of lubncants
dlstnbuted by PEeo was clearly mfenor to that of foreIgn compelltors In add1llon, foreIgn
compelltors have strengthened therr POSl1l0ns m the retaIl set1lng by proVIdmg effecllve VISUal
accessones for pomt-of-sale product dIsplays

Based on these observallons, we conclude that current RomanIan lubncant producers and
d1stnbutors cannot now compete effecllvely WIth foreIgn Imports for the pnvate vehIcle segment
To compete effectIvely m the future would reqUIre large mvestments m manufactunng, packagmg
and dIstnbutIon, brand-lIDagmg, and channel management We beheve any effort to recapture thIS
customer segment would be too costly, too slow, and hIghly nsky, and hence do not recommend
that such an effort be made ReVltahzallon of a tarnIShed lIDage IS exceedmgly dIfficult and costly,
and m our Judgment 18 beyond the capability of the lubncants enterpnses
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Table 6-3 Key Factors In Marketing of Lubricants to PrIVate Vehicle Owners
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Key Success Factors Rabonale and Support

Strong perceptton of product qualIty Pnvate vehIcle owners are powerfully mfluenced by perceptIons
of qualIty based on the appearance of both the product Itself and
the package m winch the product IS presented Perceived
qualIty can be enhanced through merchan<hsmg efforts,
mcludmg adVert1Smg and effectIve product dISplay In
developmg markets, a foreign brand name IS tantamount to a
quahty llIlage

Effecttve brand management Product dIfferentlatlOn achIeved through effectIve product
brandmg remforces the customer's purchase response Brand
recognItton facilitates the Imtlal purchase decISIOn by new
buyers and encourages contlnued purchases by expenenced
buyers

EffectIve dIStributIon channel management RetaIl outlet operators and other market channel agents lend
cruc13l support to favored brands through product placement
and display declSlons Pncmg and retaIl margm adequacy are
lIDpOrtant factors m gammg retall operator support
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632 1 Astra and Petrotel

6 32 Manufacturing Viability

Although full cash margms appear to be negallve, both plants serve captlve mdustnal and
commerCIal operatlons, and both appear to be capable of cost Improvement assummg contmued
customer purchases at roughly current volume We recommend that the plant staffs adopt the
market-based cost analySIS presented here as a framework for momtonng cost results

Thus, whtle an opportumty eXISts to serve growmg demand WIthm an attractIve margm structure,
thts opportumty cannot be effectIvely sourced by Romaman producers actmg alone, and PECO's
contnbutIon to the effort would be lImtted We conclude that Romaman-manufactured lubncants
are VIable only WIthm the mdustnal and commerCIal automotIve segments, and, over the long run,
these markets will also be threatened by competltors
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Table 6-4 presents vanable costs for lubncant productIon at Petrotel based on costs for 1994
Market pncmg was apphed to both fIDlShed products and refmery feedstock. ThIs analySIS
mdlcates roughly break-even performance on a vanable-margm basIS A stmllar analyslS for Astra
leads to the same conclUSIOn, WIth apprOXImate break-even performance based on vanable
margms Clearly, the addltlon of fixed costs, mcludmg staff costs, mamtenance costs, and
allocated overhead costs, would result m negattve margIns (operallon at a fmancialloss) for both
plants based on full cash costs Furthermore, the closure of the Petrotel refinery would ehmmate
the local hydrogen source that currently proVIdes hydrogen for lubncant hydrofinlShmg The loss
of thts local hydrogen source would restrIct the Petrotellubncant operatIon to clay treatment,
makIng more dtfficult the attamment of compelltlve cost performance

The assessment of the operatlonal VIability of the Romaman lubncant manufactunng operatIons
has coupled a SImple vanable margm analySIS for the two largest producers, Astra and Petrotel,
WIth preVIOUS observatlons regardmg Romanta's ability to meet evolVIng market needs ThIs
assessment has led to the conclUSIOn that Astra and Petrotel, hnked to Lubnfm's dewaxmg
capability, have potentta11y VIable operatIons, at least m the near term We recommend that the
lubncant operatlOns at Vega, Arpechem, and Steaua Romana be dlScontmued

However, tins dlstnbutIOn busmess cannot be sourced effectIvely by Romaman lubncant
producers - ImportatIon of lubncant base stocks would be reqUlred Slalls m merchandlsmg,
brand management, and dlstnbutIon management are ObVIously necessary A new entrant WIShIng
to capltahze on tins opportumty could effecnvely dlstnbute the new lubncant brand through
PECO sefVlce statIons, though not under PECO dIstnbutIon management

10/8/97816 AMJlw/n \97 5474\5474c007 doc

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Umts per Propane Furfural MEK Hydro
Item Tonne Feed Price $/Unlt Deasphaltlng Extraction Dewaxmg Flnlshmg

Ubliues ConsumptIon

Power kWh 0045 22 8 147 41

Steam kg 0007 2417 750 2175 360

Fuel kg fuel 0076 19 90 0 71

ColdWater nf 0021 0 8 2 5

Recycled Water m' 0021 0 25 73 270

CheIDlcals CoIlSllIDpt!on

Propane 0076 2

Furfural 0250 3

MEK 0250 7

Hydrogen 0800 2

Feed (tpd 1994) 400 700 473 247

Utlhtles ($/stream day)

Power $396 $262 $3,129 $456

Steam $6574 $3,570 $6996 $605

Fuel $574 $4 757 $0 $1324

ColdWater $0 $118 $20 $26

Recycled Water ----1Q $368 5725 51,400

UtIlitIes Costs $7544 $9073 $10870 $3811

CheIDlcals ($106/year)

Propane $61 $0 $0 $0

Furfural $0 $525 $0 $0

MEK $0 $0 $828 $0

Hydrogen ..1Q -!Q ...1Q $395

CheIIUcals Costs $61 $525 $828 $395

Stream DayslYear 250

tpd tpy PnceffOJUle VaIue($10;

Inputs

Vacuum Resld 400 100,000 $60 $6

Vacuum Gas 011 545 136250 $125 $17

Ubll1J.es $8

CheIDlcals ...!Q
Total Inputs $31

OUtputs

Asphalt 245 61,250 $20 $1

Aromallc Extract 227 56,750 $20 $1

Slack Wax 226 56500 $145 $8

Gas 011 10 2,500 $145 $0

LubeOl1 239 59,750 $355 $21

Total Outputs $31

Vanable Margin ($10~ $0

I
I
I
I
I
I
I
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Section 6 Lubricants Sector Assessment

Steaua Romana's lubncant operanon was not assessed However, It IS mprobable that Steaua
Romana's smalllubncant operation could be econonncally sustamed followmg the refinery
shutdown

Both Petrotel and Astra now operate at a loss These lubncant plants operate on a break-even
basIS only before consldenng fixed costs We have assumed that the costs of operanng these
facilines can be reduced through operatIOnallIDprovements If operatmg costs cannot be reduced,
even Petrotel and Astra should be closed

6325 VIabIlIty Summary

Three of the producmg SItes - Petrotel, Astra, and Lubnfin - are operanonally hnked TIns
hnkage posltlOns them to continue serVIce to state-owned mdustnal and commerCIal automonve
customers The process profiles presented earher mdlcate that senous structural Issues may hmlt
therr long-range success Petrotel and Astra are state-owned, Lubnfin IS pnvately owned

613Romania Petroleum Downstream Restructunng Study
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Steaua Romana
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6322 Vega

We recommend that lubncant manufacture at Vega be shut down because of Vega's small-scale
and lngh-cost technology relatlve to both Petrotel and Astra The lugh cost of Vega's lubncant
operatlon IS chtefly the result of exceSSIve YIeld losses from Its chelllical refinmg process Vega's
lubncant producnon, less than 3 percent of total RomanIan lubncant productlon m 1994, IS an
mSlgmficant factor m relanon to overall market reqUlrements

6323 Arpechlm

Were Arpechem to connnue development ofIts hydrocrackmg capab1hlles, Its goal clearly would
be to produce a very hIgh-VISCOSIty mdex base stock to serve the pnvate velncle automonve
market. To bwld tIns productIOn capability, three slgmficant mvestments would be requrred
FITst, ArpechlID would have to purchase or develop a hydrocrackmg catalyst that would ralSe the
VISCOSIty mdex of the otls from 100 to 125 Second, Arpechlm would have to purchase a
dewaxmg hcense and catalyst to mhlblt the VISCOSIty mdex reductIon that IS currently occumng m
the current configuranon Thrrd, Arpechlm would have to mvest to debottleneck the hydrogen
compressor and mcrease ut1hzatlon of the hydrocracker GlVen RomanIa's mfenor competItIve
posIllonmg m the pnvate velncle automollve market, It would not be WIse to make such large
supportIng mvestments We recommend shutdown of the Arpechun lubncant operallon

6324

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



The assessment m Sectlon 6 3 Identlfies the mdustrtal and commerCIal automotIve customer
segments as areas of the Romaman lubncant market where the capabilities of the Romaman
mdustry are potentIally VIable, at least m the near term TIns assessment also mc1udes a
recommended ratlonahzatIon of the manufactunng base The recommended ratlonaltzatIon steps
will lead to a more VIable lubncant manufacturIng system through the removal of the hIghest-cost
productIon SItes

642 Strategic Threats

At present, an operatIonal focus on cost-effectIve servIce to the mdustrtal and commerCIal
automotlve segments constltutes a coherent and VIable strategy for the Romaman lubncant
mdustry ThIs strategy proVIdes guIdance m the near term for manufactunng and dIstnbUtlon
deCISIons, but It IS reasonable to expect Important strategIC threats resultIng from RomanIa's
contlnued transformation to a competttIve, market-based economy

We recommend that the obJectlve for the remammg SItes be an mtenstfled focus on lowenng
manufactunng costs through dtsciphned atten1J.on to process yIelds and to other factors whIch
mfluence costs Cost mformatlOn presented m the assessment of manufactunng VIability mdIcates
only break-even cost performance at the largest two productlon SItes The vanable cost format
presented WIth thIS assessment proVIdes a quantita1J.ve framework for momtonng cost results We
also recommend efforts to solve the major quahty problems For example, partIculate
contamlnatlon should be ehmmated
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641 General

64 STRATEGIC RECOMMENDATIONS

TIns section reV1eWS the strategIc pOSItIOn of the lubncant mdustry Skills necessary to enhance
relatIonslups WIth mdustrtal and commercIal customers are outlmed Development of these skills
IS the most Important requrrement for the preservatIon of the Iong-tetm vIability ofRomaman
lubncant manufacture CompleXItIes have been created by dtVIdmg mdustnal capabilitles among
these three sItes and between two ownershIp structures, state and pnvate Tlus dIVISIon lIIDtts the
ability of the manufactunng system at these SItes to compete effectlvely CapItal mvestments at
these SItes should be delayed untl1 meamngful sIalI growth has been demonstrated and untIl the
problems created by SIte and ownershIp dIVISIon have been resolved

RomanIan lubncant manufacturers are currently capable of satISfyIng the product and serVIce
reqUIrements of domestIc mdustrtal and commerCIal automotIve customers However, these
segments of the lubncant market are bkely to evolve m the dtrectlon of greater competltIveness,
and thIS evolutlon will probably be accompamed by pnvatizatIon As pnvatizatlon progresses
WIthm these customer mdustnes, mdlvldual fIrmS are bkeIy to questlon tradluonal sourcmg
relatlonshIps and to reexamme supplters, WIth the goal of enhancmg theIr own competIt1ve
pOSltlons
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Table 6·5 Marketing of Lubricants to Industrial and Commercial Automotive Customers

As the Romaman economy contlnues to evolve, the success of the domestlc lubncants mdustry m
servmg these customers will rest on the mdustry's ability to mterpret customer reqUlfements and
to translate these reqUIrements mto appropnate products and servIces Efforts drrected at
bmldmg these skills should take precedence over capItal project mvestments that are not clearly
demanded or valued by the market

6 43 Restructuring

Operatlon of the three economIcally VIable plants - Astra, Petrotel, and Lubnfm - IS comphcated
by the operatlOnal and management dlVlSlOllS reVIewed m the Vlability assessment These dIVISIons
make the current manufactunng system complex and unstable Integratlve efforts are necessary to
SImphfy and focus the system

The detaIled analyslS of the future lubncant requrrements of mdustnal :firms and of commercIal
automotLve firms m RomanIa hes outsIde the scope of thIs study Nonetheless, a general
descnptLon of therr probable future requrrements can be mferred based on an understandIng of
lubncant sourcmg by these customer groups m market-based econOmIes Table 6-5 lIsts general
factors that are lmportant m the marketmg of lubncants to mdustnal and commerCIal automotlve
busmesses under competltlve condIuons Table 6-5 also provIdes a general and representauve
profIle of the product and servIce capabiliues that these customer groups m Romama are hkely to
demand of therr lubncant vendors followmg the commerclahzauon of these econOIDlC sectors
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Key Success Factors Rationale and Support

Techmcal sales support and qualIty CommerCIal customers purchase lubncants through fact-based
rather than perceptIOn-based decISion processes, matchmg
lubncants With apphcatIons reqUlfements through technIcal
spectficatIons

Effecnve after-sales service Lubncant perfonnance IS often evaluated through systemanc
testtng programs, frequently conducted With vendor asSIStance m
momtonng and follow-up

ExtenSIve and vaned product hoe lubncants CommerCIal customers typIcally expect the vendor to supply a
product Ime for a vanety of apphcanon needs The tmportant
role of additIves necessitates a strong alhance With a capable
addtnves suppher

Rapid and rehable dehvery capability The customer typically reqwres rapid turnaround on orders of
mulnple lubncant types Strong mventory plannmg skills and
an effecUve dehvery network are reqwred
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These two scenarIOS lead to dlfferent mechanISms for the acqUISItIon of commerCIal s1a.1ls and for
the reorgarnzatIon of the lubncant sector A summary of these two scenanos and the
restructunng Issues assocIated With them IS presented m Table 6-6

We beheve that the second scenano IS far more bkely than the first scenano Therefore, the rapId
development of slalls m the marketIng of lubncants to the mdustnal and commercIal automotlve
segments and the streamlmmg of operatIons are essentIal steps If there IS to be any reasonable
pOSSIbility for econOmIC VIability WIthIn the RomanIan lubncant mdustry

Scenano Scenario Description Resuuctunnglssues

I A foreIgn enuty lOtends to honzontally The foreIgn enuty serves as the source of commercIal
lOtegrate the three SIteS m order to bUlld sktlls and orgamzes the mtegratIon of processes and
a platform for effecuve lubncant management between the three SItes We conSIder thIs
manufacture m Romama scenano to be exceedIngly Improbable because the

foreIgn entIty enVISIoned IS hkely to regard lubncant
dIStnbutIon rather than lubncant manufacture as the
source ofadded value Hence, thIS entIty would
probably source ROmanIan dlStnbuuon from IDlports
and would not lDvest m ROmaDlan manufactunng

II No foreIgn party WIth lDterest lD SUfYlval of the ROmanIan lubncant mdustry depends
lubncant marketmg emerges to partner upon the rapId lOtroductIon of skills and the
WIth eXIStIng Romaruan lubncant streamlmmg of operatIons Integrauon of the eXlStlDg
companIes SItes lOto a focused enuty IS recommended to enhance

skill development and to peront rapId optmuzauon of
productIon capabilitles

Two scenanos are presented here to Illustrate restructunng pnnclples and approaches

• ScenarLO I Assume that a foreIgn entIty based m lubncants seeks to form a lubncant
busmess ill Romama whIch IS sourced from Romarnan lubncant manufactunng

• ScenarLO II Assume that no foreIgn entIty emerges With mterest m Romarnan
lubncant manufactunng
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7 1 INTRODUCTION

7 3 VIABILITY ASSESSMENT

72 STUDY APPROACH

TIns sectlon covers the dIstnbutlon and marketIng of petroleum products, mc1uiling
transportatlon It mc1udes facts, analys1s, and recommendanons on actlons to create open-market
condIuons and to promote effiClent operauons m the sector

71Romania Petroleum Downstream Restructunng Study
RatIonalization and Cntlcallnvestment Study - Final Report

The dIstnbuuon and marketmg sector has not been well defmed m preVlous stud1es The pnmary
focus of those studies was to evaluate e1ther the refmmg or the petrocheIDlcal segment A
balanced understandmg of all of the sectors 1S necessary, and, we beheve, achleved by broadenmg
the current study

The study of the dIstnbuuon and marketIng sector focuses on deternunmg the value added or
destroyed by the dlstnbutlon and marketIng processes and assessmg the capabiliues of eXlStIng
enterpnses to compete m a nonregulated envrronment

Section 7

Distribution, Marketing, and Retail Assessment

7 3 1 Sector Overview

Romama's downstream operauons COns1St of 10 refinenes, a product transportatlon and
dIstnbuuon system of p1pehnes, nulcars and trucks, related storage, and termmals, and a
marketIng network of approXlIDately 1,100 retall outlets (mcludmg 500 owned by PEeO)
Except for truck transportauon and mdependent retaJhng, Vlrtually all of the dlstnbuuon and
markeung sector's aCUVlues are owned and managed by state-owned enterpnses Facilitles
operated by the state-owned enterpnses are m generally poor condItlOn In most cases, the assets
are severely undemuhzed and are operated for a hmIted penod every day In addIuon to the
downstream actIVlt1es of the state-owned compames, there 15 an lIDportant and rap1dly growmg

In evaluatIng dIstnbuuon and marketIng, we conducted mtefV1ews at several temtonal PECOs,
whlch are the enterpnses closest to the retall consumer These mtemews were des1gned to
supplement the mformauon obtamed from mtemews and data gathered from the headquarters
offices of PECO, Rafrrom, and PetroTrans Current market mformatlon and preVlous
restructunng studies were proVlded by Raflrom, PEeo, and PetroTrans to our team pnor to and
dunng tlus project The study conducted by Chern Systems m 1993 Yielded certam base
proJecuons for the market envrronment and 1ts growth prospects Our own proJecuons updated
that prevlOUS work In our study, markets and competltlve forces were observed through s1te
V1S1ts at (1) PECO's retall and termmal operatlons, (2) mdependent marketer operauons, and, m
some cases, (3) fore1gn marketer and Jomt venture operauons The mechamsms affectIng supply
and servIce levels were reVlewed The dIstomons m the marketplace, along Wlth opportunltles
created by those dIstomons, were also exammed
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Controlled refmery-gate pnces and transport costs severely depress the econOIDlC performance of
the retal1 sector operated by PECD and mhtblt the development and operallon of the pnvate
sector There lS httle opportumty to develop an mdependent wholesale dtstnbutIOn segment, the
mamstay of a healthy competltlve mdustry elsewhere ill the world

Government-owned monopohes exerClSe almost total supply control over the manufactunng and
bulk dIstnbutlon of refined products, makmg thts sector htghly dependent on state pohCles WIth
pnces controlled by the government, currency exchange stnctly lnmted, and a system ofImport
restncllons and tanffs, there IS httle opportumty to legally Import refined products

As dIscussed below, among state-owned enterpnses, ngid flat-rate pncmg also creates enormous
marketplace dtstortlons whtch, If unchanged, will ult1mately lead to the bankruptcy of PECD and
pOSSIbly PetroTrans These dlstortrons open up artJ.fiClally mduced mche opportumtles for those
wtlhng and able to bypass the offiCIal systems

pnvate sector m the retaIl gasohne market (mcludmg dIesel fuels and LPG) Some 600 retall
statlons are now m pnvate hands, and thIS number IS growmg rapIdly These pnvately owned
outlets now account for over half of the total amount of motor fuels sold m the country, and therr
market share IS growmg rapidly
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Bulk transportatIOn IS performed or managed by PetroTrans, the state-owned petroleum products
transport company PetroTrans uses Its own pipelmes to move about one-thtrd of the products
and state-owned ratlroads to move the other two-tlurds In addttlon, a small fractlon of products
IS dehvered to retal.1ers by mdependent truckers and to very large mdustnal customers (e g,
RENEL) by local refmery pIpehnes Most refined products are dlStnbuted by tank trucks
managed by PEeD Independent compames do not constItute meanmgful compelltIon m bulk
transportatIon or dtstnbullon because of entry barners m the sector For example, the
mdependent hmng of ral1cars reqUIres a receIvmg facility, a means of cleanmg these ral1cars, and a
large number of product storage fac1hlles When these costly requrrements are coupled WIth the
transactlon cost of buymg product, the resulting econOIDlC bamer hmtts effectIve access to raIl
transport to all but a few mdependents Some mdependent retal1ers now pIck up product dIrectly
from the refmenes, but thts IS 1lm.lted to dIrect purchase by mdtV1dual retall owners as there are no
mdependent wholesale Jobbers m the country

7 32 Sector Prlcmg

Among state-owned enterpnses, product pnces at both the refinery gate and customer levels are
controlled, as are all pipehne and ral.1car transportallon pnces Even though retatl pnce controls
theoretIcally apply only to state-owned entltles, m practIce the competlng mdependent retal.1ers
fmd that theIr pnces must conform owmg to the dommant market presence of state-owned
statlons WIth whIch they compete PECO pncmg effectlvely places a cethng on the pnces
mdependents can charge
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7 33 CompetitIon

Product supply IS nearly monopohstlc smce only state-owned refiners produce products locally,
tmport tanffs are hIgh, and lIDpOrts are restncted Only tmported, packaged specIalty products,
such as Ingh-quahty automouve and machme lube OllS, have meanmgful competItIve access to the
Romaman market

The transportatIon mfrastructure IS m poor condillon and badly managed EqUlpment,
procedures, and processes to properly measure, protect, or illVOlce products are not present
Inventones are contammated and product losses are exceSSIve The pIpelme assets, 60 percent of
whIch are 40 years old or older, reqUIre consIderable mamtenance In part, the need for much of
thts mamtenance IS caused by band1ts who puncture pipehnes ill order to steal products and then
leave the pipelme open to spill mto the envrronment Pumps are old and meffiClent

The substantIal cost of mfrastructure mvolved m bulk transportatIon of fuel products creates a
Ingh bamer winch effecuvely hmits the number of par1lctpants Usually a small number of
compames compete to prOVIde bulk transportatIon, each havmg equal access to key strategIC
assets such as common camer rall hnes and pipehnes In RomanIa, no such competItion eXISts
Rat! transport of refined products IS a de facto monopoly of PetroTrans, and dIStrIbutIon termmals
are monopohes controlled by PECO

Truck transportatIon and retail marketIng are becommg competitIve Many small, mdependent
stallon operations are emergmg, some of winch areJomt ventures between RomanIan cIuzens and
foreIgn mvestors from Western Europe Some large multInauonal 011 compames, such as Shell,
AGIP, and Amoco, have made prehmmary mvestments m retatl SIteS or have mdIcated modest
mtentIons TheIr mvestment programs are on a smaller scale than they would prefer smce desrred
mvestments are d1scouraged by product pnce controls, hIgh costs of transportatIon, and nontanff
barners, and by the lack of mdependent bulk transportatIon mfrastructure
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PetroTrans takes tItle to the products and IS therefore the drrect customer of the refmenes
PetroTrans bundles products WIth transportation and sells dehvered products to PECO, whIch

7 3 4 Bulk TransportatIon

Bulk product transportatIOn IS the responsIbility of PetroTrans, an organIZatIon expressly charged
With product plpehne transportatIon as well as schedulIng and lOgistIcs of product dehvery by rail
tank cars to state-owned enterpnses The government-owned dIstnbutIon termmal and retatl
statIon operator must obtam products through PetroTrans and ShIp them VIa transportatIon
managed by PetroTrans when avatlable The RomanIan NatIonal Ratlroad (RNC) operates the rail
hnes, but RNC may not be used for petroleum product transport by government-owned refmenes
or PECO other than through PetroTrans Independents could arrange therr own bulk
transportatIon but the lack of a pnvate termmal mfrastructure IS a bamer that prevents thts from
occumng (local dehvery to mdependent retailers does occur m small trucks)
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may buy only from PetroTrans TIns separates the customer from the suppher and ehmmates
chOIce m suppher selecllon or terms

PetroTrans has no competltors m long-haul bulk transportallon. Pnvate truckmg for short-haul
transportallon IS allowed and IS growmg m markets closest to the refmenes PetroTrans's pipelme
transportallon tanffs are not separately regulated by any government agency, and the plpelmes are
not common carners As a result, PetroTrans has been able to use hIgher raIl shIppmg rates as a
pnce umbrella to ralSe pipelme rates to the same level as raIl rates

The market dIstortIons caused by PetroTrans's monopoly on transport and flat, cost-based tarIffs
have been devasta1lng for PECO, whIch IS compelled to use PetroTrans to procure product The
Impact of PetroTrans on mdependents IS far less damagmg because these compelltors of PECO
have begun to develop unOffiCIal product channels whIch are not legally avaIlable to PECO
Because these mdependents are located close to refmenes, they use therr own lower cost tanker
trucks (or, m some cases, rented raIl tank cars) to ship products at a cost below PetroTrans's
OffiCIal pnce The mdependent competItors are thus able to dommate some ofPECO's best
markets Owmg to high Romaman refmery gate pnces, quanlllles of gasohne have also begun to
enter from Hungary, Ukrame, the Mediterranean, and Austna Independents are arrangmg
transportallon by barge, rallcar, or truck, and crrcumven1lng Import restncllons and tanffs

GIven Its near monopoly over bulk transportallon, PetroTrans's fmanclal statements should
mdIcate substanllal mcome and cash flow However, most of Its avaIlable cash flow IS currently
drrected toward mamtenance and reconstructIon of the current product PIPelmes, which are ill

poor condlllon PetroTrans has no modem or accurate control system to measure product flows
or energy consumptIon or to warn of environmental leaks Storage capaCIty owned by PetroTrans
IS hmlted and IS madequate to support a mul1lSuppher compellllve envrronment With a WIder range
and larger number of pOSSIble products ConSIderable product and quallty losses are occurnng
from leaks, tank evaporallon, and contammallon A busmess transacllon system sUltable for
commerCIal operallons does not eXIst m the current envrronment, and the manual methods used
are madequate and meffectIve
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The transport charges apphed by PetroTrans are frxed on a zone-by-zone basIS Withm a zone,
rates are the same regardless of dIstance, method of transport, or the type of hqUld product In a
free market, pipeime transportallon IS normally pnced much lower than flul transport, because
plpelmes move large volumes for lower cost PetroTrans employs a hIgh fIXed-rate tanff,
approved by the M1mstry of Fmance Tanffs are based on PetroTrans's total costs and not on
actual cost for dehvery, other than for the modest mterzone dIfference The rate dIfferences
between zones are very modest, less than 20 percent from nearest to farthest The result IS
dIstorted econOmICS smce shIppmg costs are dISpropomonately hIgh for dehvenes close to the
refinenes, but are subSl<:hzed at artlfiCIally low levels for dehvenes to remote locallons ThIs IS the
OpposIte of the way m whIch costs are mcurred The PetroTrans tanff structure was deSIgned to
result m equal transport pnces and umform pump pnces to the pubhc across Romama, however, It
actually SubSIdizes poor opera1lng pracllces smce there IS no penalty attached to hIgh-cost
customers MeanwhIle, low-cost customers are unfarrly charged
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Government pohcles of pnce controls, unreasonable transport tanffs and hmlted supply choIce are
therefore destroymg the government marketmg enterpnses, keepmg consumer pnces hIgher than
necessary, and promotIng mefficiency, poor qualIty, and product losses

The product transportatron flows are shown m FIgure 7-1 and summanzed as follows

• PetroTrans takes dehvery of product at the refinery gate usmg ra.l1cars and plpehnes
to move products to bulk termmals

• Independent marketers bypass PetroTrans by proVIdmg therr own transport from the
refinery usmg trucks and, to a small degree, ra.l1cars

7 3 5 Fmal Distribution and Marketing

Most refmed products are d1stnbuted by PECO, and motor fuels are marketed at retaIl by PECO
and mdependent retaJ.1ers PECO IS not one entIty but a group of entItIes, COnsIStIng of a central
strategy orgamzatIon (pECO-SO) and, 41 county organIzatIons (temtonal PECOs) whIch operate
about 500 retall outlets, 154 bulk termmals, and a few local product pipehnes Temtonal PECOs
operate most product termmals and dehver local products to PECO statIons and to many
commercIal and agncultural customers Motor fuel marketIng at PECO statIons IS also drrected
by the temtonal PECOs

7-5

PECD Trucks

PECD + Pnvate
PrIVate Trucks Service Stations

Marketing, Distribution, and Retail Assessment

Figure 7·1 Product Paths
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Section 7

• Some mdependent marketers bypass both the lugh-pnced RomanIan refmenes and
PetroTrans by sourcmg from foreIgn sources and proVIdIng therr own ratl, barge, and
truck transportatIon

• Some temtonal PECO operators also crrcumvent the PetroTrans channel and aVOId
Its hIgh cost of termmalmg by usmg trucks to pIck up products drrectly from
refinenes

• Plpelme damage, open rali tank. cars, and poor operatIng procedures cause product
loss and contammatIon

PetroTrans Pipeline
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7 3 6 Territorial PECOs

RefIned products may be sourced through PetroTrans from any of the country's refinenes
However, product ongIns are not well understood by the temtonal PECOs because, from theIr
perspectlve, PetroTrans acts as the smgle suppher

Termmals normally operate only 10 hours a day and only 5 days a week, hmlnng the access to
supply, espeCIally on weekends and hohdays LPG bottle transport trucks hue up at loadmg
sta1J.ons on Fnday afternoon and Walt untll Monday mommg to obtam theIr supply Independent
retatlers fill theIr storage tanks and then therr trucks for temporary, and hazardous, onsite storage
of gasohne m order to ensure mventory over a weekend

There IS one temtonal PECO m each of Romama's 40 countles and a separate one for the
munICIpal area of Bucharest. All are fully staffed and set up as mdependent compames Each of
these organIzatIons operates at least one large bulk. termmal and one or two smaller depots,
served eIther by a PetroTrans pipehne or by a PetroTrans raIlcar unloadIng ramp, for a total of
154 bulk. termmals m RomanIa Some temtonal PECOs have 70 or more retall gasohne outlets,
others have Just a few

7-6
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Section 7

All of the 154 product termmals are government-owned through the temtonal PECO
orgamzatIons The large number of bulk. termmals prOVIde convement access for the agncultural
commumty and for remote commerCIal customers Withm each bulk termmal, there IS suffiCIent
tankage to store only a smgle grade of each product In a competItlve enVIronment ofmul1J.ple
supphers, bulk termmals would need to be able to handle several grades of each product EIght of
the ternunals are on LPG PIPehnes and have LPG bottle-loadIng faCIhtIes, wmch serve most of the
natlon's bottled LPG customers Trucks haul LPG bottles from these eIght termmals to the other
temtonal PECOs Large bulk temunals have top-fill trucks and loadIng racks, LPG filling
fac1h1J.es, LPG exchange tank dehvery trucks, staTIon constructIon and mamtenance companIes,
lube 011 packagmg facilitIes, and warehouses for TIres, battenes, and accessones Storage tanks
are usually owned by temtonal PECOs, but m some cases may be leased Some tankage IS
dedIcated to speclfic large customers or government organIza1J.ons

PECO-SO collects data and consohdates product orders from temtonal PECOs, furmshes these
data and orders to Rafrrom and PetroTrans, and allocates supphes to temtonal PECOs
PECO-SO, m effect, supports the central planmng role of Rafrrom as product orders are passed
by temtonal PECOs to PECO-SO and then to PetroTrans However, some temtonal PECOs
order drrectly from PetroTrans Temtonal PECOs make payments drrectly to PetroTrans, and
PECO-SO receIves a small fee from PetroTrans for handhng orders
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Some temtonal PECD management teams have tned to respond to compettt1ve threats, but they
lack marke1J.ng and management skl1ls, as well as the systems that support deCISIon-makIng The
tmy margms avaIlable under pnce controls proVIde them With so httle profitability that It IS
VIrtually ImpossIble to fund lIDprovements Many of the temtonal PECOs depend upon therr

New mvestments and expanSIOn of retal1 outlets are badly needed by PECO However, there IS an
even greater need for retrammg to Improve operattng practJ.ces, customer sefVlce, and SIte
operattons The lack of customer focus IS the smgle most mportant factor allowmg mdependent
retal1ers to gam market share Customer defecttons are dnven by the ability of mdependents to
use theu lower transportatton cost to generate cash flows and use them to Improve customer
sefVlce

Havmg 42 complete management staffs for PECO-SO and the temtonal PECOs With only 500
statI.ons and 154 bulk. termmals leads to hIghly meffiClent staffing levels, par1J.cularly m
management and support functtons IneffiCIency and poor management are aggravated by
outdated busmess transactton systems that are not computer-dnven, even for basIC accountmg
Sample data obtamed mdlcated numerous errors, reporttng delays of over a month, and frequent
commmgImg of data from unsynchromzed tI.me penods There IS httle dIrect cost accountmg or
profit center reportmg, severely hmltI.ng the usefulness of the httle mforma1J.on that IS eventually
compiled

The 41 temtonal PECOs do not operate as a coordmated enterpnse Substanttal potenttal
synerglstI.c benefits are not reahzed No overall marketI.ng leaderslnp or promo1J.onal servIces are
prOVIded by PECO-SO There IS no common statton deSIgn, mage, or marketIng strategy No
umque sefVlces or products are promoted The only mtegra1J.on between the enterpnses seems to
be a common name, a common source of supply, and the pnce restnctlOns Imposed by the
government However, even the common name IS not as Widespread as It once was as the
Bucharest operatton has changed Its name to ComPetrol, aVOldmg any assoClatton WIth the PECO
lffiage It IS also apparent that product sourcmg by the temtonal PECOs sometImes CIrcumvents
the eXlStmg system
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Section 7

741 Deficiencies In the Retail Marketing Sector

PECO IS rapIdly losmg a great deal of retall market share to competmg mdependents and majors,
declmmg from 100 percent m 1989 to an average of less than 50 percent m July 1995 The desIgn
and operatton of PECO's retal1 outlets are substandard, and the outlets are usually sIted on
narrow, ffiSlde lots rather than at mgh trafflc comers or mtersectlOns Poor pump placement IS

mconvement to customers Hours of operatton are severely Imuted and mconvement The overall
level of customer sefVlce IS poor Some SIteS are so small and badly confIgured that customers
must back therr automobiles up Just to enter the facility Motor fuel IS frequently unaval1able
CommercIal customers are often forced to travel to the termmal office to pay theIr bills or obtam
other sefVlces

7 4 SECTOR DEFICIENCIES
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The charts show the value cham (before consumer taxes) for gasolIne m Romama, and compare It
to the same value cham m a market economy, the Untted States

control of product supply at the termmal to generate margms from capllve governmental
customers Just to be able to survIve

The U S example proVIdes ultImate retaIl pnces that are nearly the same as those m Romama
ThIS comparISon IS stmIlar to most market econOmIes, mcludmg those m most of the European
Umon

Because accurate financIal data are not avatlable, It IS dIfficult to deterrmne financIal results for the
dIstnbuuon and markettng sector FIgures 7-2, 7-3, and 7-4 show the Romaman and US cost
structures (July 1995 pnces) and the drfferences between the two countnes
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In a market economy, the amount of value that each process adds IS determtned by customers and
IS expressed ill the pnce they are WIllmg to pay at each pomt m the process G1ven a chOIce,
customers will select the nght products and servIce at the nght qualIty, the nght place, the nght
ttme and at the nght pnce, all on a combmed basIS Thts establIshes the value added m each lInk
mthecham

The value cham approach recogrnzes that each hnk m the cham of converlJ.ng crude all mto
gasolIne and dehvenng It to consumers adds value to the process The parttes whtch perform
each process m the cham receIve tills value for theIr contnbutIon to the process of makIng
products and servtces available to those that WIsh to buy them To earn profits, the partICIpants
must add more value than theIr cost of addmg that value They do so by enhancmg the value and
by lowenng the cost of dehvenng It

7 42 Deficiencies In the Sector Pricing Structure

The pnce controls m the state-owned enterpnses are mtended to make products affordable to the
general publIc In fact, they result m hIgher pnces, product shortages, and a htghly mefficIent
refinIng and transportatIon sector
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As these figures show, Romarua's refmers receIve almost three tImes as much as theIr US
counterparts, the transporter (petroTrans) receIves 112 percent more, the oil producer (petrom)
receIves 35 percent less, the dIstnbutor (PECD) receIves 80 percent less, and the retaIler (also
PECD) receIves 62 percent less Under thIS system, (1) Petrom IS depnved of the capItal that It
needs to dIscover and produce badly needed Oll so that the growth of hIgh-cost Imports can be
reduced and the balance of payments can be Improved, (2) the ref1ll1llg sector IS overpaId to
support capaCIty levels that greatly exceed the needs of the natIon, (3) an meffiCIent transport
system IS preserved and, (4) state-owned dIstnbutors and retaIlers are depnved of desperately
needed capItal to restore theIr systems The fIgures do not reveal other Important problems, m
partlcular, they do not show that precIOUS capItal IS wasted by all mdustry partICIpants through
overstaffmg, meffiCIent and meffectIve praettces, and poor management
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I Figure 7-2 Gasolme Value Cham for Romama
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743 DefiCienCies In the Legal and Regulatory EnVironment

Slgmficant bamers to a competltlve dtstrlbullon and marke1lng sector m Romama wtll perSIst unW
laws permIt1lng open compellllon are enacted Pnce controls and htgh costs of refinmg and
transportatIon WIthm the sector reduce the economIC mcenllves for most aCtIVltIes and nuse the
overall costs to consumers WIthOut benefit to the overall economy These controls make mveS1lng
excesSIvely nsky and lower illvestor returns, preventing most mternatronal companIes from

FIgure 7-4 clearly shows that RomanIan government pohcles cause a dtsproporttonate share of the
total value of the end product to be dIverted to the refinenes and prunary transportatIon at the
expense of Oll producers, dtstnbutors, and retaJ1ers As a result, taxes that could be available for
pubhc use are not generated The government pohcles that SubSIdIze refiners at the expense of
others also cause the government to lose a ma.Jor source of tax revenues, especIally :If final pnces
mclude taxes at the htgher levels found ill most European countnes Such tax revenues are often
used to fund hIghway, road, and mass transIt construcllon and mamtenance and to meet other
government pnonlles
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Figure 7-4 Value Chain Differences Between Romama and the Umted States
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SectIon 7

The systemIC margm dlStortlons ill the dIstnbutIon and retailing are depnvmg RomanIa of badly
needed foreIgn mvestment that could be used to restore the sector to health and develop the retaIl
sector For example, the number of retaJI stallons found m a market economy to serve eqmvalent
consumer needs would total between 2,500 and 5,000 SItes as opposed to 1,100 m Romama
today ThIs represents an enormous potenllal source ofJobs It IS possIble to employ more
Romantans m an expanded reta1l sector, at htgher pay, and ill a more pleasant atmosphere, than
the total number of people now employed ill the entIre refmmg sector ThIs adds up to a
compellmg argument for ehmma1lng pnce controls, rallonahze capaCIty and employment, and
mcrease pnvate-sector partICIpatIOn

10/8/97821 AMl'rN/n \97 5474\5474CO08 doc

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



entenng the marketplace TIns IS especIally true m the transportatlon and dIstnbutlon sector,
where new Investment mIght otherwIse be well under way

In the system descnbed m the example CIted above, four compames are Involved m thIs ordenng
and dehvery process TIns dIVISIOn of the ordenng process adds many unnecessary steps, delays,
and costs It also separates the customer and producer, transfernng too much control to

The legal and regulatory system causes other dIfficultIes m domg busmess ForeIgn mdIVIduals or
companIes are not allowed to own property, InlnbitIng theIr control and secunty over mvestments
Local bureaucratIc hcensmg procedures, SIte approvals, and permIts reqUIre unnecessary (and
repeated) steps that consume tune and waste money Local pohtICIans sometImes reqUIre SPeCIal
payments for access to pnme property locatlons QualIty control and measurement practlces are
not standardIzed, regulated, or pohced Uneven apphcatlon of other laws often results m the need
for mdependent reta:J.1ers to bnbe law enforcers Apart from the destructlve SOCIal consequences,
thIs corruptIOn also thwarts preferred foreIgn mvestors

744 DefiCienCies In the Current Organization and Management

Many busmess processes and support functlons reqUIred are mIssmg m the marketlng,
dIstnbutlon, and reta:J.1 state-owned enterpnses For example

• Marketmg and merchandIsmg 18 neIther praCllced nor understood

• LOgIStICS are deSIgned not to meet customer needs but to Implement centralIzed
supply consideratlons With httle attentIon to econOmIC results

• The central command system results m a very low level of customer servIce

• Management processes do not functIOn adequately, nor respond to the changmg
marketplace
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There are dISCOntlnUllles m the suppher/customer relatIonshIp WithIn the dIstrIbutIon and
marketIng sector, apart from the ObVIOUS retaIl problems IneffiCIency, poor operatmg practIces,
product losses, measurement errors, and qualIty contamInatIon are qUlte common Some of the
busmess enterpnses and too many of the processes employed represent funcnons that do not add
value at all Some are value-destroymg, eXlstmg only to prOVIde pohtIcal control or redundant
employment For example, conSIder the process of ordenng refined products for sale at PECO
SItes Orders flow from each mdiVIdual retaIl SIte to the temtonal PECOs, then to PECO-SO,
from PECO-SO to PetroTrans, and from PetroTrans to the refmenes The temtonal PECOs have
no chOIce ill supply opnons and no recourse m product qualIty dIsputes The only functIons
PECO-SO performs are the consohdatlon of orders from PetroTrans, supply plannmg, and
allocanon control, thereby slowmg down the order process and mcreasmg the potentIal for errors
PetroTrans IS a monopoly wholesaler buymg from refmers and reselling to PECO retallers The
refinenes are dIsconnected from theIr customers, receIVIng bulk orders from PetroTrans, whIch IS
also ISolated from the real customers PetroTrans dehvers product to and collects payment
dIrectly from the temtonal PECOs and pays PECO-SO a fee for consohdanng orders
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7 5 CHALLENGES AND OPPORTUNITIES FOR PECO

PetroTrans Because these enterpnses mteract as buyers, and sellers, sector-Wlde workmg capItal
reqUIrements and mventory are mcreased and payment flows are slowed, reducmg econOInlC value
to the entrre sector

Each of the 41 temtonal PECOs and PECO-SO mamtams marke1Jng and management staff - a
costly duphcatton of supporting functtons There IS no reposItory of markeung mformatton or
htstoncal market data No central enttty IS responSIble for the brand Image or marke1Jng process
for all stattons under the same brand ThIs has resulted ill dIfferent statton formats, operatmg
hours, procedures, statton colors, and signage across Romama Contrast thIS WIth Shell or Agip
statIons, whtch can be readily Identtfied WIth consIstent and coordInated Image markeung
everywhere ill the world

To SurvIve and prosper, busmesses must excel at the core competencIes that dnve value creatton
m therr busmess sector Core competenCIes conSIst of those funcllons, skills, and knowledge that
enable the busmess to IdentIfy customer needs and to meet them as well as or better than
competttors, all the whtle earnmg profIts that allow the busmess to flounsh and grow In addttton
to core competenCIes, a company also needs other strengths or advantages, some of whtch do
eXIst m the RomanIan petroleum dIstnbunon and marketmg sector CompetItIve advantages are
built around these competency strengths PECO has both strengths and weaknesses m these core
competenCIes

7-12

Marketing, Distribution, and Retail Assessment

RomanIa Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment Study - Rnal Report

Section 7

10/8/97 8 21 AMJ'rNln IS7 5474\5474c008 doc

751 PECO's Strengths

• PECO IS the only petroleum retaJ.1er WIth natton-WIde coverage

• PECO has an m-place Infrastructure and operators Wlth expenence

• The PECO brand name IS Widely recogmzed

• PECD has a large market share

• PECD has a good understandmg ofRomaman culture and some knowledge of
customers

75 2 PEeO's Weaknesses

• PECO cannot control product supply, qualIty, or pnce

• The markettng functton and approach do not IdentIfy or address customer needs or
satlsfactton levels

• Data on customers needs are not captured or mamtamed

• Transactton processmg and mformanon systems are madequate

• The qualIty of servIce and merchandise IS poor
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76 CONCLUSIONS AND STRATEGIC RECOMMENDATIONS

7 5 4 Threats to PECO

• The faclhtles are poorly desIgned and normally found m unattractlve locatlons

• Staff members are poorly tramed and lack a customer onentatIOn

• PEeO does not generate sufficIent funds for remvestment or expansIOn

7 5 3 Opportumtles for PECO

• Consumer demand IS strong and growmg

• PEeo owns some pnme sItes that could be upgraded

• PECO can orgamze a Romaman market campaIgn faster than most new entrants

• A restructured PECO IS an attractlve partner for an expenenced foreIgn marketer
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The present d1stnbutlOn and marketlng system m Romama, WhICh IS government-owned and
subject to pnce controls, suffers from madequate profIt margms and does not meet customer-

• Major 011 company competltors are entenng the Romaruan market They have
conSIderable fmancml resources and excellent marketlng skills

• Pnme hIghway locatlons are rapIdly bemg captured by mdependents

• Pnce controls contlnue to negatlvely Impact profit margm

• PECO's reqmred rehance on PetroTrans mflates Its cost structure and reduces Its
ability to respond to markets

7 5 5 PECD's Key Success Factors

For PECO to SUrvIve growmg competltlon and manage Its strengths, weaknesses, opportunItles,
and threats, It must

• Restructure mtD a flat orgamzatlon WIth fewer, but more capable, managers and staff
members

• Become market- and consumer-onented

• DIVest Itself of Its poorly deSIgned, eqUipped, and low-volume retaIl SIteS and
termmals

• Begm a comprehensIve marketlng program and consohdate Its brand tmage

• ObtaIn access to least cost, hIgh-qualIty products

• Obtam access to compellllvely pnced, rehable transportallon of products
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To successfully manage change m the dlStnbutlOn and marketlng sector, both the Romaman
government and mdustry management must rad1cally change the ffilSSlOn of the state-owned
compames as well as the mmdsets of both management and employees Laws, mdustry
orgamzatIon, and capItal assets must be restructured to enable the enterprISes to become as
competItIve as other partICIpants ill any market-dnven economy, otherwIse they will be destroyed
by compelltIon

dnven needs The PetroTrans monopoly on bulk. transportanon dIstorts transportanon costs and
restncts product qualIty, availability, and dehvery optIOns Relaxatlon of the lmport bans and
pnce controls has not allowed PetroTrans to respond to outsIde forces, but has mstead opened up
mformal and illegal secondary transportatlOn systems PetroTrans must be converted to a
common carner as rapIdly as possIble and make the cntlcal mvestments necessary to take custody
of product and ensure qualIty control All pnces should be adjusted to reflect speCIfic costs
OwnershIp and operallon of raIl transportallon of bulk. and refmed products should be completely
separated from plpehne transportatlon to create competltIon between the sectors and allow for
profIt margms that attract new mvestment

PECO has a nghtly compressed profit margm due to controlled hIgh product cost and low retall
pnce The result IS a severe shortage of capItal to upgrade and expand SItes, mmImal servIces
prOVIded to customers, and lack of new mvestment As With PetroTrans, the easmg of lmport and
development restnctlons IS creatIng a substantlal pnvate sector retailing system whIch, 1f current
trends contInue, will completely replace the PECO system At that tIme, the PECO system and
assets will be worthless The government must reform the permIttmg and approval process to
ehmmate corrupllon, lengthy delays, and comphcated and duphcatlve bureaucracy Once pnce
controls have been lIfted, PEeo should contlnue sellmg the mdlVIdual SItes to mdependent buyers
m the rurallocallons, and for the urban systems PECO should form a Jomt venture or sell as a urnt
to an mtematIonal oil retatier offenng the establIShed SItes and network ill exchange for the
capItal, brands, and marke1lng expemse of the mtematlonal oll company

Marketmg, DistributIOn, and Retail Assessment
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SectIon 8

82 OVERVIEW AND CURRENT STATUS

8 1 INTRODUCTION

Environmental Assessment and Critical Investments

81Romama Petroleum Downstream Restructunng Study
RationalizatIon and Cntlcallnvestment Study - Fmal Report

• Wastewater
- ExceSSIve wastewater flow rates

- Low qualtty of treated effluent

- HIgh energy consumptIon m trea1lng faculues

TIns secllon assesses the enVIronmental aspects of the downstream petroleum sector m Romama
and exammes the enVIronmental consequences of past and present operallons Throughout the
world, the downstream petroleum sector generates vanous waste streams that pollute the
enVIronment, endanger the pubhc, and contnbute to operatlng costs ThIS secllon dIscusses
RomanIan envrronmental regulallons, au emtSSIons, wastewater dtscharges, sohd waste dtscharge
and storage ISsues, contammallon of ground and groundwaters, and envrronmental remedtallon of
plant shutdowns The sectIon concludes WIth an estImate of cntIcal envrronmental mvestments

The enVIronmental contamlnallon caused by the RomanIan state-owned mdusmes IS well
documented The fundamental Issues that reqUIre addressmg are

• Remedtallon of pollutIon and contamInatIon caused by past operallons

• Reductron of current pollutIon streams by process modtfIcatIon, mstallatIon of new
hardware, and upgradmg of process and utthty effiCIencIes

• Future upgradmg ofpolluuon control faciht:J.es and reduc1:J.on at the source to permrt
comphance WIth tougher envrronmental regulauons and European Umon (ED) &rectlves

1018/97827 AM/lW/n \97 5474\5474c009 doc

The solutrons to the enVIronmental problems will be expensIve and ImpOSSIble to finance from
mtemally generated funds, and will reqUIre outsIde technology These solullons wJ.1llIDprove
operatlng effiCIencIes at the subject enterpnses and create substanual, mtangtble benefits to the
country as a whole Envrronmentallssues are natronal by nature and reqUIre Jomt efforts of local
enterpnses, the downstream sector, the government, and the fundmg sources

The downstream Romaman petroleum mdustry COnsISts of five large refinenes, five smaller
refinenes, a large crude and product termmal on the Black Sea, a network of crude and product
pIpehnes, and local termmals for product dtstnbuuon All of these faciliues have envrronmental
Issues that will affect pnvauzauon The major ISsues that must be addressed are

• AIr emISSIOns
- HIgh sulfur content of refinery fuels
- SIgmficant hydrocarbon emISSIons from storage tanks

- Uncontrolled emtSSIons from fired heaters
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831 EXisting Romaman Regulations

The current RomanIan regulatIOns reqUIre that the vanous enterpnses pay a fee for ennsslons and
dIscharges The fees currently apply to wastewater dIscharges and to sohd wastes transported to
landfills The fees for arr emISSIOns have been WaIved because most Romaman enterpnses do not
have adequate mstrumentatIon to measure arr emISSIOns Some of the 1995 fees for wastewater
dIscharges are presented m Table 8-1

83 ENVIRONMENTAL REGULATIONS

Table 8·1 Wastewater Discharge Fees
(m lei per tonne)

• Groundwater
- Large areas of contammated groundwater extendmg past refinery property hmIts

8·2
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Consbtuent Base Fees Higher Limit Fees

BOD5 16,989 29,550

Suspended Sohds 6,580 -

Phenol 6,595,330 -
OIl 395,550 -

Section 8

• Sohd wastes
Large volumes of waste matenal not properly dewatered

- PrevIOusly landfilled sludges that are hazardous and are not contamed at secure SItes

8 32 Proposed Romaman Regulations

The followmg IS based on dISCUSSIOns and a reVlew of portlons of draft regulatIons now bemg
consIdered by the Romaman Parhament The law as passed by the Parhament may be modIfied
Smce Romama mtends to Jom the ED, It has proposed new legIslanon that will update
enVIronmental regulatIons accordmg to ED drrectIves The proposed law will stIpulate the
followmg

• All state-owned and pnvate sector enterpnses will perform an enVIronmental Impact
assessment (EIA) to evaluate the current enVIronmental COndItlon of the faCIDtles

• Followmg the completlon of the EIA, the enterpnse will develop enVIronmental
acnon plans that present programs for camplymg WIth new regulanons and
remedlanon of past pollunon problems

1018/97827 AM/lw/n.\97-5474\5474c009 doc
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8 4 AIR EMISSIONS

It IS assumed that Romama will estabhsh a sumlar program callmg for reductIOns from all
mdustnes, a phase-m penod, and enforcement of penallles or shutdowns for VIOlators

In general, the new law will not specIfy speClfic emISSIon or dIscharge bmlts These will be
estabhshed by admmlstratIve order from the Munstry of EnVIronment, and will be enforced on a
local or county basIS Thts procedure IS sumlar to those found ill many Western countnes,
mc1udmg the Umted States

To estabhsh a sulfur dIOXIde reductIon program for ED countnes, a basehne yearly emISSIOns level
for each country was estabhshed Each country was then allowed to develop Its own programs to
reduce these emISSIon levels over tune GradualtmplementatIOn pohCles m dIfferent countnes
were developed WIth lllitIal goals of 60 to 70 percent reductIon, then subsequent reductIOns to 80
percent or more over tune

8-3

EnVIronmental Assessment and Crrtlcallnvestments

RomanIa Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment StUdy - Fmal Report

Section 8

For the purpose of thIS analySIS, the followmg program IS recommended for the downstream
petroleum mdustry

• To reduce the sulfur content of refinery fuel gases, aCId gas streams, etc, refmenes
will1lllually mstall faClhues such as amme treatlng, sour water stnppmg, and sulfur
recovery umts

841 Sulfur DIOXide

Sulfur dIOXIde, wmch IS a product of the combusllon of fuel or process aCId gases, IS a sIgmficant
enVIronmental and health hazard Certam rermenes are processmg crode O1ls WIth a mgher sulfur
content than the umts were deSIgned to handle, and are usmg processes or process catalysts that
are not suffiCIently effiCIent to meet fuel product sulfur speclficallons Process changes reqUIred
to reduce sulfur dIOXIde errnsslOns are dIscussed ill SectIon 4

The current law permIts a11levels ofdIscharge and tmposes lugher fees for hIgher dIscharges The
new law estabhshes a fee system, but adds a finmg system and penalty system above certam
thresholds Fees will apply to normal, permItted dlscharges DIscharges above the hnnt
estabhshed m the new law can result m penaltIes, legal actIon, and a shutdown of the offendmg
facility Owmg to the capItal constramts on the eXlStmg enterpnses, a schedule will be estabhshed
so that comphance With new enVIronmental reqUIrements can be aclueved over tlme

To meet the mtent of EU dIrectIves, Romama must

• Reduce alr errnSSlOns, mamly sulfur dIOXIde and hydrocarbons

• Reduce wastewater dIScharges, matnly flow and dIssolved constituents

• Reduce sohd waste dIscharges and Improve long-term storage facilitIes

• Ehrrnnate contammatlOn of the ground and groundwaters

1018/97827 AMiWI/n 'JJ7 5474\5474c009 doc
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842 1 ReductIon ofEmISSIons

In 1995, the EU passed DIrectIve 94/63/EU, "Control ofVolatI1e OrganIc Compounds (VOC)
EmtsslOns ResultIng from Storage of Petrol and Its DIstnbutIon from Ternunals" The target of
tlns regulatIon IS to reduce VOC emISSIons from termInals and other storage facilitIes to less than
o01 wt% of the throughput ThIS regulatIon affects all segments of the downstream petroleum
sector m RomanIa

84 2 Hydrocarbon EmiSSions

Comphance will have to be phased m 3, 6, or 9 years from the effectIve date, dependIng on the
SIze of the facilitIes, as shown m Table 8-2

• The sulfur content of refinery fuel gases will be reduced to the acceptable parts per
millIon level, and the efficIenCIes of the sulfur recovery umts will be 98 to
985 percent

8-4
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Table 8·2 EU Directive 94163IEU Stipulations for Reduction of voe EmiSSions

No of Years for Compliance SIze of FaCIlity

3 Years

If storage volume IS > 50,000tpy

If tanker loadIng IS > 150,000 tpy

If servIce stattons throughput 18 > 1,000 m3/yr or the statton 18 ill a commumty

6 Years

Ifstorage volume 18 > 25,OOOtpy

If tanker loachng IS > 25,OOOtpy

If ServIce stattons throughput IS > 500 m3/yr or the statton IS ill a commUDlty

9 Years

If storage volume IS < 25,00Otpy

If tanker loachng IS < 25,000tpy

If servIce stattons throughput IS > 100 m3/yr or the statton IS ill a commulllty

Section 8

Duong the second phase of sulfur enussIOn reductIon, the refinenes will need to reduce fuel oil
sulfur levels to a maxmlUm of 1 percent It IS assumed that refmery modemlzatIon programs to
produce lower sulfur products will also mclude the capaCIty to meet tins reqUIrement Longer
term goals to reduce fuel sulfur levels to the range of 0 05 to 0 3 percent will also need to be
establIshed
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Table 8·3 Storage Tanks at Refmerles and 011 Termmals

The regulallon also speClfies that external floatIng roof tanks have pnmary and secondary seals
and that mternal floatIng roofs have a smgle seal usmg one of the more advanced technology
designs

8423 Hydrocarbon Losses

The refinenes control other hydrocarbon losses by the use of vapor recovery compressors to
recover gases lost to flare systems These gases are collected and reused as refinery fuel Many
of the eXIstIng compressors have been m servtce past normal operatlng penods and requrre
mamtenance or replacement The older Romaman compressors have a low deSIgn operatlng
effiCIency, and replacement Wlth hIgh-effiCIency compressors would result m consIderable savmgs
m operatlng power costs m addition to a redUCTIon m hydrocarbon emISSIons

The Romaman petroleum mdustry uses floatIng roof tanks to store hghter hydrocarbon products,
but these tanks use the older seal deSigns In general, all floatlng roof tanks will need to have
therr roof seals modtfied to meet new regulallons

Romama has approxtmately 5 :nulhon m3 of petroleum product storage at the refmenes and Oll
termmals (products stored throughout the country for local dtstnbutlOn are not mcluded m the
above total) Of thIs amount, 65 percent (3 23 :rmlhon m3 of storage) IS affected by thJ.s proposed
reguIatlOn or other regulations on the control of VOCs Table 8-3 hsts the storage space for each
type of storage tank.
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Type of Tank m3 of Storage

FIXed Roof Tanks

CrudeOtl 210,000

Gasohne 470,000

Other LIght Products 120.000

Total 800,000

Floatmg Roof Tanks

CrudeOtl 1,800,000

Gasohne 425,000

Other LIght Products 205.000

Total 2,430,000

Storage Tanks8422

Section 8
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85 WASTEWATER DISCHARGES

As a result of the USAID study m 1993, the five larger refmenes have been successful m reducmg
the volume of wastewater However, WIthout deSIgn changes, eqUIpment modlficatIons,
mstrumentallon, and chenucal addIllves, It will not be pOSSIble for the refmenes to further reduce

Recovery of condensates and reducll.on m losses from coolmg water systems will help to further
balance wastewater flows The effect of these reductIons will be sIgmficant as refinenes mcrease
productIon to meet growmg demand If these recovery methods are Implemented, the mcrease m
producll.on should result m no correspondmg mcrease m flow of wastewater

The refmenes have only recently started to Implement proper preventIve mamtenance and reparr
programs For tIns reason, fUgItlve eIDlSSlOns from eXlStlng valves, pumps, etc, are htgh
Upgradmg of the refinenes should mclude proper budgetmg and lIDplementatIon of fugItIve
emlSsIons reducllon programs

8-6
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Sectlon 8

851 Flow

The major problem WIth the refinery wastewater systems IS far too much flow The average flow
observed for the mdustry IS 4 20 m3 of wastewater per tonne of crude processed TIns flow rate IS

four to eIght tImes Ingher than what has been observed m comparably deSIgned Western
refinenes When allowances are made for the added compleXIty of petrochemIcal plants or power
and steam generatIon, the net flow of wastewater should be 1 to at most 15m3 of wastewater per
tonne of crude For the RomanIan refinenes, 20m3 of water per tonne of crude should be a
target or goal to be acIneved WIthm the ratIonalIzatIon penod

843 Other AIr EmIssions

Other arr eIDlSsIons result from combustIon of fuels m heaters, FCC offgases, and delayed coker
and coke handlmg Reducmg sulfur levels m the fuels will ehmmate most of these emISSIOn
problems Heater fuel effiCIency IS currently between 75 and 80 percent EffiCIencIes could be
mcreased to 85 or 90 percent by the use of aIr preheat, waste heat recovery, process heatmg, or
proper combustIon controls Large numbers of heaters are employed m the refinery process, and
Improved effICIencIes would result m qmck econOmIC paybacks and correspondillg reducll.ons m
emISSIons

As a rule, the mgh flows are from clean utIhty water streams that are lost to the sewers These
mclude coolmg water and condensates that could be returned to boilers As an example, one
refinery, workmg WIth USAID fundIng, mstalled facIhll.es to sIgmficantly Improve the amount of
steam condensate returned to the adjacent power statIon TIns program reduced the flow of
wastewater and the cost of steam generated by the power statIon Several refmenes are pI1000g
the use of Imported propnetary chemIcals for use m coolmg water systems These chemIcals
allow Ingher reuse of water m coolmg water systems, thereby decreasmg water losses
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Table 8·4 Sources of Wastewater

the volume of wastewater sIgmficantly Table 8-4 summanzes the more commonly found areas of
hIgh water wastage

85 2 Recommended Upgrades

Each refmery has a sllDllar deSIgn for the wastewater treatmg system oil-water separators,
homogemzation (equalIzatIon), chemIcal addItIon, arr flotatIon, and bIOlOgical treating WhIle
each refinery has mdIVldual needs for new or modIfied facilities, all refinenes have three common
needs

• The bIOlOgical treatmg system must be upgraded to Improve performance and reduce
energy consumption

• InorganIc chemICals (femc compounds and calCIUm hydroXIde) must be replaced WIth
organIc polyelectrolytes

• all-water separators must be covered to reduce VOC enussIOns to the atmosphere

852 1 Upgrade Biological Treatmg Umts

All bIOlOgical treatIng unIts m the refinenes are based on the use of older technology, low-speed
aerators These aerators are energy-meffiCIent and do not adequately In1X the aeratlon basms
The bIOlogICal treatmg unIts at the refinenes usually do not function properly Astra has
contracted to purchase a modem technology fine bubble aIr dIffuSIOn system whIch mcludes
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Source of Water Reasons for High Water Loss

Coolmg Water System leaks, Oll contaDlmatlon, barometnc condensers
ill vacuum urnts, meffectlve chenucal mlubltorS

Condensate from Steam System Contammatlon ill condensate, madequate analyzers to
detect contammatlon, no mmbltors for controllmg
oxygen or carbon diOXide III system

Desalter Water No flow measunng capabilities

FeCD Process Waters No flow measunng capabilitles, Improper urnt
processmg eqUIpment to recover Oll

Delayed Coker Urnt

Cutung Water Too small a maze for coke fine settlmg, Improper
clanficatlon for reuse as cutting water

Process Water Improper ou-water separatlon facilities, Improper
degasmg faclhues

Section 8
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Separators ill Romantan refinenes recover conSIderable amounts of au TIns IS due to mgh au
losses from the process umts, espeCIally delayed cokers and FCC, and from ou-contammated

lugh-efficiency alI blowers ThIS system 15 scheduled to start up m the last quarter of 1995 and
should help the mdustry deternune the effecnveness of the newer technolOgies avaJ1able

All refmenes have several oIl-water separators that use a top-mounted travelmg bndge for
collectIOn and recovery of oIls and removal of ally sludges Such separators are not compatIble
With retrofIttIng covers for reducmg VOC eIDlSSlons The basms will requrre modlficanon to a
submerged mechanIsms With a rotatIng thght separator mechamsm so that covers can be placed
on top of the separators

Each refinery has several trams of blOlogical treatIng facillnes To lDlprove performance and
reduce energy, one tram of eqUlpment should be modlfied to mclude

• Modem technology of aeranon facilines

• Werr/level adjustments to maxmuze water depth m aeratlon basms

• Concrete repair as reqUIred

• Western-desIgn alI blowers, speclfically deSIgned for wastewater servIce

• Modlfied clanfiers to mclude baffled welT overflow deSIgn for contaInment of floatIng
matenals
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Replace Inorgamc Chemicals With Polyelectrolytes

Covermg of Oil-Water Separators to Reduce VOC EmiSSions

8522

Section 8

ChemIcals are added to wastewater for pH control and condInomng of the water for removal of
reSIdual oIls ill the arr flotatlon process These chemIcals form morgamc by-products that are
removed With the sludge that IS formed m the flotanon processes The compounds mcrease the
volume of by-product sludge formanon by a factor of 2 or 3 Replacement of the morgamc
chemIcals With polyelectrolytes will reduce

• The volume of by-product sludge

• The SIze of the dewatenng fac1hnes

• The amount of matenal that must be landfl1led

• Overall dally operatIng costs of the wastewater treatlng plant

• CorrOSIOn ill flotanon and bIOlOgical treatLng systems

• Mamtenance ill flotatlon systems

• ContamInants to be removed m the bIOlOgical treatLng system

8523
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8 5 3 Technology Upgrades

One of the problems Identlfied With the Romaman wastewatertreatmg systems m the 1993
USAID study was obsolete technology and poor mamtenance Smce that study, some of the
refinenes have undertaken extensIve mamtenance reparr programs to replace or reparr eqUlpment
However, the petroleum mdustry's effluent chscharge water quahnes have not sIgm:ficantly
lffiproved, pnmanly because of the older technology used m the blOlogIcal treat1ng UTIlt The
refmenes will need to replace the eXlsung technology to Improve bIOlOgical umt performance

Table 8-5 summanzes the refinery capacItIes and flow rates

coohng water and condensates Process modrlicanons should be made to reduce water and all
losses, and then to cover oIl-water separators

Petrolsub and Steaua Romama do not have working or pamally workIng blOloglCal treaung
systems Both of these refinenes Will need new facilines to meet the new envrronmental
reqUlrements Improvements to the wastewater treatIng facilines will be requrred to meet the
newer regulanons expected from the Mnnstry of Envrronment m 1996 Many of these
lffiprovements wI result m an outrIght econonuc benefit - either more ou will be recovered or
slgmfi.cantly less energy will be reqIDred to treat the wastewaters
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Other Wastewater Treatmg System Requlfements

Section 8

Other problems were observed at mchVldual refinenes whlch reflect sIte-specIfic conchnons
Commonly found mamtenance and operaung problems are

• Htgh mamtenance and operaung cost for turbme aerators

• Inoperanve sludge dewatenng systems

• Htgh chsposal quannnes of waste oIly and bIOlogICal sludges

• Inadequate flow InStrumentanon and controls

• Inadequate laboratory faclhtres

Problems found at mdIY1duallocanons are

• LeakIng homogemzanonfequahzanon basms

• AIr flotatIOn umts not workmg or mIssmg

• Inoperable bIOlOgical treanng urnt

• ACIdIC and nonaCldlc oily sludges accessIble to the pubhc

• Lack of groundwater momtonng wells for the refinery or the ouy sludge lagoons

• HIgh suspended sohds content m the wastewater

10/8197827 AMJJwln 'S7 5474\5474c009 doc
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Table 8-5 Refmery Capacities and Flow Rates

,MODIFICATIONS TO IMPROVE ENVIRONMENTAL PERFORMANCE
PETRO PETRO PETROSLUB STEAUA OIL

OCATION ARPECHIM ASTRA DAAMANEsn LUBRIFIN BRAZI MIDIA SUPLACU PETROTEL RAFO ROMANA VEGA TERMINAL TOTAL

REFINERY CAPACrTV TID 8212 1818 1400 11345 8867 1335 15130 6478 715 1102 56402
I

WASTEWATER I
FLOW RATES M3IH DESIGN 2600 500 570 4200 4500 40 2000 1350 1150 500 17410
FLOW RATES M3IH ACTUAL 1650 500 370 2300 1340 50 2000 800 350 383 9743
1995 M3 WTAITON FEED 482 660 634 487 363 090 317 296 1175 834 415

I I
TARGET FLOW M3 WTAITON 200 200 200 200 200 200 200 200 200 200 200
ASM3IH I 684 152 117 945 739 111 1261 540 60 92 4700

I
BIOLOGICAL UNITS 13860 2400 1420 NR 29640 7240 276 n30 3070 1680 1840 69156
KGlDAY BOD REMOVED (ACn

BIOLOGICAL SOUDS
M3JYR 35000 36000
%SOUDS
M3 SLUDGE LAGOONS 10003 45000 ooסס8 76000 211000

OILY SLUDGES
M3JYR 2000 150 35000 8400 22000 35000 200 2000 104750
% OIL 2

.,
15 5 5

M3 SLUDGE LAGOONS

SLOPOILI
TIMONTH 1200 4() 10400 4200 1500 2500 2000 22200
%OFCRUDE 049 09, 306 158 375 1.29 605

I
STORAGETANKS M3

I
CRUDe STORAGE
IN FIXED ROOF TANKS 4OQOI) 62500 5475 81900 22500 212375
'iN""FLOATlNG ROOF TANKS 368560 90000 400000 290000 165000 ooסס48 1793560

I
UGHT PRODUCT STORAGE
IN RXED ROOF TANKS 99805 27000 206000 4150 23000 136330 35000 583000 1114785
IN FLOATING ROOF TANKS 133995 112000 54000 97000 69750 629000 1095745

I
MEDIUMIHEAVY PRODUCTS STORAGE
IN FIXED ROOF TANKS 400510 83000 266500 163000 7330 256000 ll1320 55000 240000 1682660
IN FLOATING ROOF TANKS

I
TOTAL STORAGE VOLUME 1002870 150000 737000 617000 16955 666000 1364800 112500 1932000 5899125

FUELS I I
PURCHASE GAS TIYR 31400 eooo 2lI45 26500 11300 66000 4600 ooסס1

REFINERY FUEL GAS TIY 131500 31000 160000 131916 45000 129000
%S I 015 11.> 07 115 003 1

FUEL OIL, TIY 103000 lnoo 61800 0 6000 316000 12000 40500
%S I 35 0 .. 2 05 2 178 05

KGlYRS02 3802.25 44190 228600 151703 4000 633350 1503 60 000 20250
KG S02/TONNE CRUDE 265 180 115 0ge 017 239 133 000 1 05

t
BEST AVAILABLE COpy
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86 SOLID WASTE DISCHARGE AND LONG-TERM STORAGE ISSUES

The technology requrred to upgrade the wastewater treating facilittes are as follows

DISposal of sohd waste matenals, both olly sludges and bIOlOgIcal sludges, IS a major problem for
all of the refmenes In general, the petroleum mdustry does not have adequate sohdslsludge
dewatenng facilities, and the mdtVldual enterpnses are dIsposmg of 5 to 10 ttmes more volume of
waste matenals than would be generated It proper dewatermg facilities were m place

Three factors causmg the hIgh sludge productIOn asSOCIated WIth the RomanIan refmenes must be
corrected They are

• Clay sludges from lube oIl production

• Use of morgamc chemIcals, lIme, and feme compounds m wastewater treatmg

• Inadequate or moperative dewatenng facilitIes
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Section 8

• New aeratlon faclhttes, mc1udmg dIffusers and arr blower

• Sludge dewatermg facilitles for bIOlOgIcal sludge

• Sludge dewatermg facili1les for ouy sludge

• Use of polyelectrolytes, mcludmg automattc feed.mg facilittes, replacmg eXlsttng hme
and femc feed system

• New oll-water separatton systems that can be covered to meet potential new
regulattons for reductton m hydrocarbon losses

• On-hue field technology and laboratory analyzers

• Completely new bIOlogICal treatIng systems at Petrolsub and Steaua

• Completely new alI flotatton systems at one refinery and one termmal

1018197827 AMl1w/n VJ7 5474\5474c009 doc

86 1 Clay Sludges from Lube 011 Production

The refmenes that have lube productIOn facilittes have addItIOnal problems asSOCIated WIth the
dIsposal of by-product olly clay matenals Some of the clays, espeCIally from past operations,
also contam waste aCids Western refinenes have generally made process modIficatlons by
employmg technologies that do not requrre clays and, therefore, ebmmate the by-product clay
dIsposal problem The Romaman refinenes that produce lubncatlon products should also
conSider use of these newer non-clay treatment technolOgIes to m1DlmlZe future envrronmental
problems
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Smce the early 1990s, sludge dlsposallandfl1ls have been constructed Wlth concrete, clays, or
fleXible membrane hmng matenals to prevent contaIDmauon of the local envrronment These
newer landfills are located eIther at the edge of the local townshIps or m therr YlClDlty

Landfills used by the vanous enterpnses pnor to 1990 represent senous envrronmental or health
hazards These landfllls may contam only refmery sludges, or may be a IDlXture of hIghly
contanunated sludges from vanous enterpnses (chemIcals, petrocherrucals, mumcipahues, etc)

86 4 Impounded Sludges

All enterpflSes have permanent landfill areas that contaIn large quantIues of sludges IDlXtures In
certam locanons, the sludges are segregated

Many of the older landfills are located Wlthm CIty or townshIp hmlts and are not properly
protected from the pubhc Local reSIdents from tIme to tIme skun oJ.1 from the surface waters, and
children play along and around the landfills Many of the older landfills do not have lIDpervious
bottoms or local momtonng wells, local groundwater contanunanon IS Ylrtually certam The

EnVIronmental Assessment and Cr~lcallnvestmentsSection 8

86 3 Inadequate or Inoperative Dewatering Facilities

Only one refmery has a workmg dewatenng system ThIs refmery has less than 2 percent of oily
sludge to dIspose of than the other refmenes The use of polyelectrolytes IS expected to reduce
thIs volume even further

A second refinery has oily sludges With a heat content hIgh enough to make mcmeranon a
reasonable approach However, thIs refinery has such large process losses of both oil and coke
that ehnunanon of these process losses would be economIcally benefICIal to thIs refmery, but
would then reqUITe dewatenng and dISPOSal of the oJ.1y sludge as opposed to mcmeranoD.

86 2 Use of Inorgamc Chemicals, Lime, and Femc Compounds In Wastewater Treating

The volume of oJ.1y and bIOlogICal sludge from the refinery wastewater treatmg systems could be
reduced by 30 to 50 percent If newer technology organIc polyelectrolytes, rather than hme or
feme compounds, were used m the flotatlon and other processes Currently, polyelectrolytes are
not manufactured m Romama and must be lffiported Several of the refinenes have performed
econOmIC evaluanons and have determmed that they can reduce sludge dIsposal costs by replacmg
morgamc chenucals With Imported polyelectrolytes These refmenes are also pJ.1otmg the use of
these chemICals, and It IS recommended that they adopt full-scale use m the future

Several refinenes have mstalled dewatenng faciliues that use vacuum f11tranon. ThIS technology
IS obsolete, dIfficult, and expensIve to keep m operatIOn Vacuum filter technology has for the
most part been replaced by twIn-belt fIlter presses, plate and frame pressure presses, or
centnfuges Twm belt fJ.1ter presses are most commonly used for blOlogIcal sludges, and all three
technolOgies are used for oIly sludge dewatenng
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87 CONTAMINATION OF THE GROUND AND GROUNDWATERS

newer landfills are better protected and have more secunty Area momtonng vanes from
adequate to needmg more Improvement Smce the enterpnses do not have adequate dewatenng
faciliues, the reserve capacIty of these mlpoundments does not suffice for long-term needs

Contammatlon of groundwater IS a Wldespread problem and affects the entIre downstream
petroleum mdustry At most refmery locatIons, the extent of the problem 18 known, at other
locauons, notably portlons of the plpehne systems, the local termmal, and mdtVldual retail outlet,
the extent of the problems IS not well defined

In many areas, the groundwater contammauon from olls has mtgrated outsIde the property lme of
the refmery Some of these contammated waters are only 5 to 15 meters below grade, and
hydrocarbons are bemg recovered by local peasants and farmers Polluuon m PlOlestI IS extensIve,
and will reqUlre a Jomt effort between the petroleum mdustry and the government (hven the
conSIderable amount of all ill thIs area, It IS probable that the amount of oll to be recovered can
offset most of the recovery costs
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In general, problems WIth the landfills can be solved by

• Improvmg secunty measures to keep out the general pubhc

• Upgradmg area momtonng, espeCIally molder lIDpoundment areas

• ProVIdmg sludge dewatenng facilitIes at mdtVlduallocauons to reduce the mOlsture
and therefore lower the volume of sludge

• ProVIdmg dewatenng facthtles for older landfills, espeCIally ones Wlthm CIty hmlts or
ones that can potentIally contammate groundwater

Romanta has a system of lakes and other sources that prOVIde water for the large Clues Fresh
water generally ongmates from sources outsIde of areas Wlth mdustnal development, WhICh helps
ensure that contamlnated groundwaters are not used for dnnkmg All use of groundwater 18

regulated In areas where the first level of water IS contammated, only lower water aqUIfers may
be used In these areas, shallow water wells have been bncked m or abandoned However,
dunng water shortages or prolonged outages, some local wells contammated Wlth hydrocarbons
are used for both agncultural and dnnkmg purposes

Landfill dewatenng will also recover consIderable amounts of O1ls smce m many landfills the 011
content of the sludge IS 3 to 10 percent of total volume A heated centrIfuge process will recover
the maxmlUm amount of oll and produce a dry sludge sUltable for general landfill use Other
processes do not produce as dry a sohd matenal or reqmre more chemlcals for process operatlon
Moblle or tratler-mounted processes are available so that once one SIte has been cleaned, the
eqwpment can be moved to another SIte The wastewaters from the dewater/0l1 recovery process
may reqUITe treatmg, dependmg upon the pH or reSIdual organtcs ill the water

10/8/978 27 AM/lwln \97 5474\5474c009 doc
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As menlloned above, m some areas It appears there IS suffiCIent all such that the value of the
recovered Oll WIll offset the cost of collectIon However, the data also suggest that there are
other areas where recovery IS reqUIred and recovered product value will not offset costs The
most bk.ely scenano IS that recovery costs will be offset mltIally by recovered product values As
the product recovery rates declme but costs do not, cash flow will became negallve However,
remedIatIon needs will contInue for qUIte some tlme

At present, mulllple reports and some field data detaIl the extent of groundwater contammallon at
refinenes and m the general area around these facIhlles Some of these reports are no longer
current and need to be updated to more accurately assess the amount of Oll and the spread of the
Oll plumes One of the refinenes has data that show that once the source of contammallon IS

eIunmated, the area around the ongmal source Wl11 naturally become clean over tlme, but that the
ongmal plume WIll contlnue to spread With the flow of the underground water aqUIfer

The magmtude of the groundwater contammallon problem IS Immense, therefore, a combmed
donor/governmentlpnvate enterpnse effort will be reqUIred to solve the problem In general, the
followmg steps are necessary

• Estabhsh the legal framework under whIch hydrocarbons can be recovered and the
ground!groundwaters treated on propemes owned by pnvate mdIVlduals, pnvate
corporallons, and pubhc sector propemes ThIs framework should mclude the
ownershIp nghts to the recovered oil, temporary land use nghts, aqUIfer water nghts,
etc The government will need to clanfy legal habIhty for the cause of the problems,
and defimtIon and protectIon of current or new enterpnses from past operallonal
pracllces

• PrOVIde an envrronmentallIDpact assessment (RIA) of the problem ThIS will mclude
geolOgIcal assessments, estImates of quantItIes of oils that are m the ground and the
percentage that can be recovered, methods of recovery to be employed that have the
least effect on the enVIronment, and rem]eCllonldISposal of excess waters from
recovery operatIons The EIA should cover all aspects of the downstream petroleum
mdustry, mcludmg refmenes, termmals, pIpehnes, and retall SItes

• Install facIlItIes to recover 011 products and stop the spread of the oil plume ThIs will
mclude mstallatIon of a senes of smgle well (oil recovery only) or double well
systems (small-volume oil recovery wells located near hIgh-volume water pumpmg
wells) Excess waters will then need to be treated and rem]ected for plume control or
used for local purposes In some cntIcal areas, geotechnIcal barners may be reqUIred
to contam oil products or to slow and redIrect the spread of the Oll plume

• ContInue operatIon of the recovery/treatIng systems as reqUIred to restore the aqUIfer
for general purposes such as mdustnal or agncultural
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88 ENVIRONMENTAL REMEDIATION OF PLANT SHUTDOWNS

89 CONCLUSIONS AND ESTIMATE OF CRITICAL ENVIRONMENTAL INVESTMENTS

WIth the exceptIon of the groundwater pollutIon m PlOlestI, the enVIronmental SItuatIon IS
manageable and there IS reason for op11mIsm As the refinenes have mstItuted proper preventIve

The refinenes and the two tank storage areas located Wlthm CIty hmlts have two Issues m
common the facilitIes are adjacent to pubhc housmg and the land could be valuable for local
populatIon use, and the land under these fac1hlles IS heaVlly contammated With oils

8-15
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Oil has seeped mto the ground and the underlymg water aqUIfer After shutdown, the
aboveground structures will need to be completely removed from the SIte, and eqUIpment will
have to be cleaned to obtam maxnnum salvage value Concrete crushmg facilitIes are
recommended so that concrete bwldmgs and other structures can be recycled and not create
another dlsposalissue Underground storage tanks will also reqUIre cleanmg and removal or be
filled m to prevent future enVIronmental concerns

Facwlles located outsIde CItIes can be shut down and eqUIpment can be removed, as reqmred, and
sold for salvage value Altemanvely, the eqUIpment can be cleaned of oIls to prevent further
ground contammanon and left ill place Underground tanks and sewers will also reqUITe cleanmg
and fill-m The fac1hues will reqUlfe fencmg and safety patrols

If It IS determmed that certam refmenes are redundant or not econoIDlcally attractIve for
pnval1zal1on, enVIronmental habIhl1es Wlll be asSOCiated Wlth decommlSsIonmg There are two
categones of facilitIes to be consIdered

• Those located Wlthm CIty hIDlts, mcludmg Astra and Vega m PIOlesl1, Steaua
RomanIa m CamplIDa, and OIl Tank Areas 1 and 2 located WlthIn Constanta

• Those located outsIde CIty hIDlts, mcludmg Petrobrazt and Petrotel at PlOleStI,
Arpeclum at Plel1stI, Rafo at Onesl1, PetroIDlilla at Mtilla, and Petrolsub at Suplaco
duBacco

At certam sItes, the ground IS relanvely permeable Once these SItes have been remediated, the
eXlS11Dg oil contamIDal1on can be ehmmated over 11me, makmg the SItes safe for residennal or
commerCIal use However, dependmg on the specIfics of the SIte and the extent of the
contammal1on, oil recovery, removal, or farmmg of the topsoil all may be reqUIred

The downstream petroleum sector ill RomanIa has operated m an unacceptable manner WIth
regard to pubhc safety, enVIronmental econOIDlCS, and the standards estabhshed by the European
Commumty The problems are caused by hlgh flows, uncontrolled emISSIOns, and Improper
operanng and mamtenance procedures The solutIons mclude eqUIpment and technology
upgrades, reVISIons to operatIons and mamtenance procedures, and legal standards and pracl1ces
that place a hlgh pnonty on redUCl10n and remediatlOn of enVIronmental pollutIon
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mamtenance programs and upgrades of treatment technologIes, pollutIon rates have dechned
The cntIcal mvestments ItemIzed m Tables 8-6 and 8-7 will bnng operatIons ill lme WIth Western
standards and raIse the quahty of the enVIronment to proper levels Remedtauon of past pollutlon
will be a long-term, multIparty program If the mvestments recommended here are made, the
status of the phYSICal enVIronment m Romama w:I11 eventually be on a par With that of advanced
and enVlIonmentally COnsCIOUS natlons
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Table 8-6 Environmental Upgrade Tasks Recommended

MODIFlCATJOt-lS TO IMPROve ENVIRONMENTAL PERFORMANCE
PETIlO PE1IlO PETROSLUB SlEAlJA OIL

UNITSIlOCATJON E~RONMENTALPROBLEM SOLUTION ARPECHIM ASTRA DARMANESll LUBRIRN BRA2J MIDIA SUPlACU PETIlO1El. RAfO ROMANA VEGA TERMINAL COST

CRUDEUNlTS \'8S 'IllS \'8S VSS yas \'8S VSS vss vas yas
DESALTER HIOh water now rates Water now malar

Too htgn of 011 con100t NewlhG -FLUID CATALYTlC CRACKER
ProcessW.... HIQh water low rate Water flow meter vas vss vss ves Y8S

IfIOh of 011 cootent R vas VSS vas ygs ves
vassel

DELAYED COKER UNIT
_Wotero IHIah waterftow rate Water now meter vas ves

!Hl!lIl of Cd content R on vas vas ves ves ygs vas-::uttIn<IWater IHIQtI water now rales RedeSIQn wa10rmase or vas vas vss vas ygs vas
Hiah sollds conIent DlOIIIdod newdalfflcallon taclIIlI6s

lor~water recyc:

SOUR WATER STRIPPER
""""-"v....... ::um.nttv rooted 10 t1are ROUle 10 SUIur Reooverv UnIt vas ves - - ves vas
Uwt stoamlnlectlon 1 adds 10 now of wastewater Add _em""", heal ""- vas vas ves ves ves ves vas

SULFUR RECOVERY UNITS
\;UlTOOlJY less than 60 % efficient Use mom adIwl western vas vas VSS vas ygs vas

~I
Do noImoet newer EC01_ COI1YefI from 2 _10 vas .... .... YeS ws

3 or mom_,SllIJOfClaus

GENERAL PROCESS NEEDS

FInld_E A_he8lerollicl rev 75%
AddIli'""""",,"__he8I yeo yeo ves vas - - vas - Y8S - vss

or started)
stoam_

Mmors_1lIJo
02onal1 !ZlIf'S \'8S .... vas vas vss vas ves YeS vas ves vas

L__orClllllIV1lt- LDwor vas YlIS YlIS - - yes yes ves1(10 _ __In_

__lIR

YIlY
111I<IhIIr__1n1ll'O<lUClS

_newMEA,or"-eIf yes YlIS .... .... .... YOS .... YOS .... YOS

1lie MEA conIamnoIod wflh hoat .-_MllEA....
stabIIIzs<l salts or COS bY DlO<Iuc belIorSlilodva_
Foollivo omissions NewWosIom of seals .... YOS vas vas yes yes -__toS<lWllIS Iromleaks

lllII1IDS8Ild YOS YlIS .... .... .... ves vas Y8S YOS .... ves vas
Hi _t05lll1!land_' yeo .... l'OS l'OS .... .... .... - \IllS ygs ves yeo

Use mom ellldenl westem tvoes
oIll11T1PS8Ild CXlIIlDI9SS<l

ProducI lIJIDIIna Produd _1lI1d ai, errissIons

__01

eIYl8lS vas vas .... vas Y8S .... YOS - YOS .... Y9S ves

INSlRUMEHTA"IlON Olderl9<llnOl<>ll'r not__....
_new__

yeo yes veo - - - - - - - vas YOS

on line IIlUlIYsIs Q etc.

AIr .mls:liona monlt rinG Nono D11111sllmo ProvIdo now monh - YOS YOS .... V8S \lOS Y8S YOS

Notllo,sible 10 Q\J8IlljlY emissions or Incl sleck8l\8l'lSlS
If IhonJ Is an UDSllI etc. wtlhone emW___

ShorIlonn UllS9Is noI detodalJlo _ new rnonIIorlnD svsloms YlIS yes yes vas yes vas YOS .... yes vas YOS
1-

mon_
IlI1dcan_IOiOflQl """"'01

__all1IIOIs .... _
yeo ... ves .... - - vas YOS Y9S - vas vas

off sooee_
BdIvIlIes, Ie dlomIcaIleod. etc.

COoflnClwater Tooroglofblo_ratas Aul0m0tod dlomIcaI_ oms YOS yes vas ves ves ves ves yes yes Y9S vas
Too much dlin water UsA .-westom DIOIlII ....., yes ...... \lOS \lOS \lOS ...... vas

conosIon rales c:lIomaIIs
Automatic ott ccntroVoofd rood .... .... yes - vas .... ....
SIde slre8m fin91S yes yes ..... ves YOS yes vas Y8S - Y8S ves
Row cootrol bIowdown yes yes vos ves YOS ves vas

~
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Table 8-6 (Cant'd)

MODJACATIOHS TO IMPROVE ENVIRONMENTAl PERFORMANCE
PETRO PETRO PETROSWB SlEAUA OIL

UNITS/l.OCATION emnRONMENTAlPROBLEM SOlUTION ARPECHIM ASTRA DARIIANESTI LUBRIAN BRAZI IIIID1A SUPLAClI PETROTB.. RAFO ROIIIAIlA VEGA TERMINAL COST

8unlnal. use 01 baromeIrlc vas yes yes yes yes yes yes VBS VBS VBS VBS

condensels_M ....... Too hInh of condensal.1oss II"""""" _or.1fidAncv vas vas VBS VBS yes yes yes ves Yes ves ves
Hlah all c:antenl In coodensat. Use newerweslam IXODfl8Iarv ves .... - - - .... - vos V8S vos ViiS
COrroslon In 51eam "" ~M'l chemicals

IHv<IrocaIllon enaIvz<lr lor yes VBS VBS yes yes VBS VBS VBS vos vas vas
condensate _-ems
COtldensele M9ISIcoeIesoers yes yes ves ves - - VBS vas vas VBS vas

Produelloadln<l ""'" ..... VOC losses from 03S( IneIIlahl Add vaoorcolledJon & ves .... ves VBS ves ves 00 vas .... vas vas ....
liiiiiilu<'noadIM mcDYBrvS1istum

"'-Tanks Product Jeaks SCheduIe<t moInI......,. IIOOIlIm .... ves .... VBS .... vas VBS .... -= --= - ..... ........ lanIcs ves .... .... .... .... .... .... .... vasI_In roof__ .... .... .... .... ves .... vas - - - -Vii< .-
Add IOcono""" V8S yes yes yes vos YeS vos yes
_st uclsor
conven_to_roof- !'JremJssIMs sox. NOx,_es MalnIaln lllllel_

Vlslb19 names tor9l<lended """'" of .... VBS .... ves VBS VBS - .... V8S .... vas
I~ V8S .... .... yes yes yes yes -ViiS --...s --...s -ViiS

WASTEWAlERTREATING

OJlWlller_...- Alremlsslans VOC's cover....... DIS .... .... yes ves ves ves vas ....
Illeolace too lIlOUlled YeS YeS ves .... ves ves VBS - - .... .- .... ....-E Air EmIssIons

'''''''''''''lnIo"""... water ?

ChemIcaIIlCld_ = chemicals croat. UsGWostem .... .... ... ves ves ves .... .... VBS ... vos
el<l:8Slllw amounls of DIY siuda IIowlll'OlXllllClne YeS .... .... ... ves .... .... - ..... .... -- ... -"""""","of_e_ -ems, .... .... ... yes .... .... - V8S Yes ... ....

ISVSlems

0_ oIrtlotatlon m4A OV.rnow of 01_10 bIaIooIceJ
1___beIttInol

V8S .... .... ... .... vos .... -- --= --= ... -r=-= r=-ems, do noc I8IIlOVO enUsIons IIrmnMl olrWOfer in6ifna .... .... .... ... .... .... .... .... V8S Yes ... Yes

eflk;le- mochanIsms Yes yes .... ... ves ves ves Yes V8S .... ... ves

jj1niftn1ca1tiiiiiiinii Do noc I8IIlOVO BOO I/lOnOIS etc. _newWe51emTwe ves yes .... ... ves ves ves V8S V8S "'" ...
elfedl- _"""'em
overnow 01 SUSIlIln<f<> soJIdslnernlJOlll

lonwIdebal1led__ecUon
ves .... .... ... ves .... .... .- .- .- ...

HI of...."'" Western aJrblowns ves .... ... ves .... ves .... .... .... ...
BIOIOa.....I_ NotlXOO<ll1vCleWalelll<l Pruv!de TWIn Bell FIller Pr8SS .... ves .... ... ves .... .... Yes \lOS \lOS ...

I...... .."umesfor"""""'" wIIh em
OIlViliidi NotniMAriVdewatered _ nowdewal...... 1acl/lIIo$ V8S V9S - ? ves - yes V8S ?

llama ""urnes for dIsoosal bell ......... t:MIltIuoes orDlale

1~landfIl .. = Yolumes In exlsUoolendlllls _ dewaleftno end 011 ves ves .... .... .... .... ves Yes \lOS \lOS Yes ....
l.endtIlls """"'" isolation & ems

ro<nI water monJI IlddmonltOl1l1- ves YeS .... ves ves ves ves .... \lOS Yes .... ....
Islanlfi",,",oII ex>nlenl Ildd_ ... V8S .... yes yes .... -,...- -,... -= - ....
oilY sludoes with acid

ConbImInotlon of ContamInaled or 1_9l<Ionlof~ no \lOS .... ... .... ... "'" .- .... .- - ..... -011 """""""lnm>md&water Pnlvldeoll no ves .... ... ves Inc V9S ves \lOS Yes .... ....
local waterwolls aro not usoabIo lncIucIna-.. reclamaIIon
IoceI msIdence """""'rino all

SPECIAL PROBLEMS
Cleen lID of COlllarI1IIlaIed -,...
lake

New b101McaJ troati units "'"
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Table 8-6 (Cont'd)

MODJACAllONS TO IMPROVE ENVIRONMENTAL PERFORMANCE I
PETRO PETRO PETROSLUB STEAUA OIL

UNITSA.OCAllON ENVIRONMENTAL PROBLEM SOLUl1ON ARPECIlIII ASTRA DARIIANESTI LUBRIFIN BRAZJ MIDtA SUPLACU PETROTB. RAFO ROMAHA VEGA TERMINAL COST

Add tat dean Ull yes yes .- """ .-
Process unit Vllll conlrols - yes ...
New twes of lI/OC8SSlnQ to .... yes - "'" -ellmlnato OIN waslo slUd!leS

'Hiah waler contoot 01 audo ...
,Hkt\ solids con1ont In audo ....

~
~
t>
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MODIACAllONS 10 IMPROVE ENVIRONMENTAL PERFORMANCE
I PElRO PETRO PE1lIOSLUB STEAUA OIL TOTAL

UNlTSll.OCATlON E~RONMENTALPROBLEM SOLU1lON ARPEClfIM ASTRA DAllMANESTl LUBRIFIN BRAZI IIIIDIA SUPLACU fEmOTEL RAFO ROMANA VEGA TERMINAL COST
I

CRuDe UNITS r 20000 ooסס1 ooסס1 20000 20000 ooסס1 20000 20000 ooסס1 ooסס1 lSOOOO
DESALTER IHim wale, now rales Water now meter

Too hIllh or 011 content New -FLUIDCATALmCCRACKER
_W-. !HiQh: water ttow rata Wale< flow meIer ooסס1 ooסס1 ooסס1 ooסס1 ooסס1 SOOOO

Him or <lU content R 150000 150000 150000 150000 1SOOOO 7SOOOO-DELAYED COKER UNIT
......... WlIlon llim waler flow rale Wale< flow meIer ooסס1 ooסס1 OOסס1 ooסס1 ooסס1 ooסס1 60000

HKlh or <lU contelll R 150000 7SOOO 150000 150000 150000 lSOOOO 825000
vessel

ICUlIIn<J Wol... IHi<lh wale, flow rale. R_water mase or 350000 20000 350000 350000 350000 350000 Inoooo
IHi<lIl solids content I"""""""r- cIarI1icaIIon tedII1les

lor _walerr8CVCle

SOUR WATER STRIPPER
o-lIeadV_ eurmntIV lOIllad10 nam Roulel. Sd1urROCO'/efY\lriI 5000 5000 5000 5000 5000 5000 5000 3SOOO
u....otllamln_1 adds to flow of wastewater Add_emuenl/lOOl 15000 15000 15000 15000 15000 15000 15000 105000

ULFUR RECOVERY UNITS
less 1han 50 % ef1idelll UseIllDlll acave_ClIIlIIvst
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Section 9

Labor Force Reduction and Redel&Qyment Analys_i_s _

The downstream sector has dealt WIth the reduced operating capaCIty by shuttmg down refmery
trams, but has kept all refinenes operating and fully staffed The resultlng hIgh overhead costs are
one of the mam contnbutors to sector unprofitablhty As shown m the op1lmIzauon analySIS, the
most profitable approach would be to shut down the least effiCIent rermenes, furlough the
workers affected, and operate the remammg refinenes at lugh capaclues

9.1 OVERVIEW AND CURRENT STATUS

The downstream sector labor force of 57,700 managenal, technIcal, and operatlons employees IS

dtVIded between the manufactunng subsector, whIch accounts for 37,700 employees, and the
dtstnbuuon and marketlng subsector, whIch accounts for 20,000 employees The manufactunng
subsector workforce far exceeds the staffmg level requrred to effecuvely operate the refinmg,
petrochemIcal, and lubncant manufactunng facilities ThIS workforce must be sharply reduced to
decrease the level of fIXed costs Overstaffmg IS also apparent m the dtstnbutIOn and marketing
subsector, but the problem IS not as acute as m the manufactunng subsector, and the anuC1pated
growth of the retall sector will result m expanded labor requrrements

9-1Romama Petroleum Downstream Restructunng Study
RationalizatIon and Cntlcallnvestment Study - Fmal Report

Large-scale labor force reducllons are always dIfficult to lffiplement, for the vanety of pohucal,
econOmIC, and humamtanan reasons In add1uon, large-scale worker dISplacements are expensIve
when one takes mto account the cost of severance, retrammg, and unemployment compensation
schemes However, the cost of not reducmg the refinery workforce IS greater and ul1lmately less
farr to the workers mvolved than an aggreSSIve reducuon program The downstream sector
currently receIves large d1rect and mchrect SUbSIdIes whIch, on a per-worker basIS, are much
greater than the worker's wages Moreover, a ma]onty of the workers do not contnbute any
econOmIC value to offset the subSIdy Thus, It would be more benefiCIal to the overall Romaman
economy to shnnk the mdustry and pay the workers an eqUlvalent amount m severance than to
mamtam the status quo

RomanIan state-owned plants generally operate m a self-suffiCIent manner WIth regard to labor
servIces, and thts plnlosophy of self-suffiCIency has led to low staff utIhzation, meffiClent use of
resources, and no mcenllve to reduce mtemal costs due to a lack of lower cost, outsourced
altemallves Each of the ma]orrefinenes has over 1,000 workers asSIgned full tIme to
mamtenance, and Petrobrazl and Arpechlffi have over 2,000 mamtenance workers apIece The
standard operating procedure m the refmery sector outsIde of Romama IS to contract out for
essenually all mamtenance servICes Based on mtemauonal standards and adjusted upwards for
the specIfics m RomanIa, an mdependent workforce of under 2,000 should eas:I1y be able to
prOVIde mamtenance for the entrre refinery mdustry m RomanIa A summary of the charactef1SllCS
of the refmery subsector workforce IS presented m Table 9-1
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In summary, the htgh level of redundancy has resulted from several overlappmg staffing practlces

• Staffing Levels Are Not Adjusted to Productlon Rates Throughput of the refinmg
sector has fallen by 50 percent smce 1989, yet the number of workers employed m
the sector has remamed constant In some cases, speClfic umts m the refmenes have
been shut down or decomnnsslOned, but are still fully staffed

• A Government Polley ojFull Employment The former government pohcy of full
and guaranteed employment, despIte the lack of demand for many of the workers.
dIscouraged productJ.V1ty-related mvestments and automatJ.on Because wage rates
were very low and contJ.nue to be m thts envrronment. prodUCtIVIty mvestments were
hard to ]ustlfy TIns lack of automatJ.on has had negatJ.ve productJ.on and quahty
control consequences, as well as other econoIDlc costs

• The Operatlng Phzlosophy ojSelf-Sufficzency In Romama, the refinenes are
geograplucally dISpersed. the workers have low mobility, and an mdependent semce
and mamtenance sector has not been created Thus, the refmenes developed a
staffing program of complete self-suffiCIency ill all operatmg, mamtenance, and
auxiliary sefVlce areas

Total Average Wage ClassIfied as Workers Over 50
SIte Workers $/Worker Mamtenance Years Old %Over 50

Large Refinenes

Petrobrau 7,800 $2,800 2,000 732 98%

Petrotel 6,490 2,700 1,868 565 87%

PetronudJa 4,754 4,790 450 217 46%

Arpecbun 8,056 2,900 2,000 730 91%

Rafo 3,804 2,510 735 185 49%

Small Refmenes

Astra 2,587 2,8001 774 204 79%

Petrolsub 486 2,8001 82 60 123%

Darmanesu 836 2,8001 322 57 68%

Steaua Romana 948 2,8001 2242 66 70%

Vega 1,977 2,8001 434 102 52%

Total 37,738 8,689 2,918 77%

1 Assumed. not reported
2 Calculated based on average of 23 6% at small refmenes, not reported

Labor Force Reduction and Redeployment AnalysIs

9-2Romama Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment Study - Rnal Report

Table 9·1 Romama Refmery Sector Labor Force Characterization
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921 Refinery Sector

The refinenes have a combmed workforce of about 37,700 employees, WIth roughly 40 percent
allocated to operatlons, 30 percent to mamtenance, and the 30 percent balance to aUXlhary
actlV1ttes Most of these workers are not reqUlred for the proper operatton of the sector, and
present levels are very lugh, by a factor of 10 or more, on an lntematlonal benchmark basIS For
effiCIency, prodUCtlV1ty, and cost compe1::J.tlve reasons, a maJonty of these workers need to be
removed from the refinery subsector

922 Transportation and Retail Sector

The 20,000 workers m the transporta1::J.on and markeung sector also have sIgmficant redundancy,
but the problem IS not as severe as m the refmery subsector Even WIth major reductlons m the
productlon sector, the total worker count m the mdustry should be stable and could very hkely
mcrease as new retail SItes are developed The estabhshment of 1,000 new retaIl Sites would
create 10,000 new Jobs to absorb many of the excess workers In the eXlsttng system Because of
the Wide dISpersIOn and small mWV1dual scale of the retaIl operatlons, no sIgmfIcant dlSloca1::J.ons
or concentraUons of unemployed workers are an1::J.Clpated

Workforce reductlon ill the manufactunng subsector should be accomphshed pnmanly through
the closure of the four refmenes, the outsourcmg of major mamtenance funcuons to new pnvate
sector compames, and further workforce reduc1::J.ons at the complexes that remam m serVIce We
es1::J.mate that these steps will result m the dIslocatlon of approXImately 27,300 employees Labor
redeployment costs will mclude severance payments, unemployment compensatlon, retrammg
costs, extended benefits, relocatlon costs, and startup costs to proVIde workmg capItal for the
new pnvate-sector mamtenance firms CnUcal mvestments of about $166 millIon over a 3-year
penod will be reqUIred to fund these redeployment programs The resulttng saVIngs through
reduced wage costs of about $76 rmlhon per year (or $228 nulhon over the 3-year expendIture
penod) will more than offset the cost of the redeployment asSIstance program

Table 9-2 summanzes the causes of d1splacement due to refinery sector ratlonalIza1::J.on, the
es1::J.mated number of workers d1splaced at each refinery, and the resulung savmgs m drrect labor
costs

9-3

Labor Force Reduction and Redeployment AnalysIs

Romania Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment Study - Final Report

Section 9

92 WORKFORCE POTENTIAL DISPLACEMENT
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93 IMPLEMENTATION OF A LABOR REDUCTION PROGRAM

1 200 permanent mamtenance workers remam at each operatmg refinery
2 40% reduction m remammg staff after mamtenance spmout

931 Reduction Steps

FIgure 9-1 shows the refinery labor reductlon steps, mwcatmg the number of workers dIsplaced m
each step

The recommended staff reductlons will reduce the manufactunng sector workforce by two-thrrds,
from 37,700 employees to apprmamately 10,400 employees at the manufactunng complexes, plus
2,500 employees at contract mamtenance Irrms Although tIns staffing reductlon IS large as a
propomon of current staffing, benchmarkmg agamst manufactunng operatIOns of comparable SIze
and compleXity md1cates that the reSIdual staffing level will stIll be hIgh by mtematlonal standards
Thus, the reduced staffing level will be fully adequate for effec1J.ve operatIon of the ratIonalIzed
refmmg sector ill Romama, and further reductlons are feasIble m the long run

9-4

Labor Force Reduction and Redeployment AnalysIs
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Table 9-2 Causes of Displacement Through Refmery Sector Rationalization
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Annual Dlr
Labor

Current Decamls- Maintenance Producbvltyl Total Total Savmg
Site Staff sIonlngs Spmoutl AutomatIon2 DIsplaced Remaining ($1,000)

Petrobraz! 7,800 7,800 - - 7,800 - $21,840

Petrotel 6,490 6,490 - - 6,490 - 19,963

PetroIDl<ba 4,754 - 250 1.722 1,972 2,782 9,446

ArpechJID 8,056 - 1,800 2,502 4,302 3,754 13,233

Rata 3,804 - 535 1,228 1.763 2,041 4,425--
Subtotal 30,904 14,290 2,585 5,452 22,327 8,577 $64,482

Astra 2,587 - 674 765 1439 1,148 4,029

Petrolsub 486 - 32 182 214 272 599

Darmanesb. 836 - 222 246 468 368 1,310

Steaua 948 948 - - 948 - 2,654

Vega 1,977 1,977 - - 1,977 - 5,536-- -- --
Total 37,738 17,215 3,513 6,645 27,373 10,365 $78,610

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Labor savmgs are estmlated at $76 rmlhon per year once the reductlOn steps have been completed,
assunnng wage and benefit costs of $3,076 per employee

The ratlonahzatlon program descnbed earher ill thIs report, whIch mcludes the decomnnsslOnmg
of two refinenes, would take approXImately 18 months to lDlplement The numbers of workers
that would be ilisplaced durmg the tlme hne of thIs rallonahzallon process IS presented In

Table 9-3

The total staff reductlon of 27,300 results from three major lDltlallves

• The closure and deCOmmISSl0mng of two large refinenes, Petrobrazl and Petrotel,
and two small refmenes, Steaua Romana and Vega, account for 17,200 employees

• Outsourcmg of central mamtenance work accounts for 2,500 employees who Wl1l be
moved to another company, but are consIdered ilisplaced for severance compensallon
purposes TIns redUCllon level assumes that 200 permanent mamtenance workers
remam at each operatmg refinery Note that these workers will become employees of
the new pnvate-sector contract mamtenance fums Accordmgly, the costs of
contract mamtenance will contmue to be borne by the manufactunng complexes
through contractual payments

• The further reducllon of refmery staffs accounts for 7,600 employees TIus decrease
m staffing IS based on a 40 percent reductlon m the staff level after mamtenance
outsourcmg
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Table 9·3 Newly Unemployed Workers from Initiation to Completion of RationalIZation

A redundancy ehmmanon program normally takes 18 months to tmplement Dunng thts tlme, a
tranche of workers will be removed from the refinery workforce by attnnon, an early retlrement
program, and normal redeployment m the economy Analyzmg the current age and turnover
dismbutlOn shows that thIS number will be relauvely small, compnsmg no more than 500 workers
from attnnon, 1,250 workers due to a speCIal early retlrement scheme (offenng speCIal mcentlves
to all workers over 55 years of age), and up to 3,000 workers to be redeployed through the
expected expansIon of the nanonal workforce This leaves 15,000 dIsplaced workers that will not
be absorbed through any traditlOnal means and are thus classIfied as structurally unemployed
Table 9-4 shows the reabsorpnon of the displaced workers by refmery SIte and by category

932 Redeployment of Excess Labor

Reducmg the labor redundancy m the refinery sector will result m large numbers of unemployed
workers These workers will have nnmmal opportumues for nnmedIate reemployment and will be
concentrated m specIfic areas A certam percentage of these dIsplaced workers will be reabsorbed
through VarIOUS methods already m place Of the refinery decomnnsslOmngs, a sIgnrlicant number
of workers W1l1 be retamed to deal With the decommlSslOnmg process, which could take as long as
5 years, and the envrronmental remed1anon, wInch could last mdefinltely The es1lmates of
worker requrrements at each of these deCOmmlSSlOned SItes IS 500 long-term staff at the bIgger
refinenes and 250 at the smaller ones Another slgmficant group of diSplaced workers would be
pIcked up by the outsourced servIce provIders Rough estnnates mdIcate that as many as 500
workers from the larger refinenes could be absorbed by the mdependent mamtenance semces
proVider

Labor Force Reduction and Redeployment AnalysIs

9-6Romania Petroleum Downstream Restructunng Study
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Site 0-6 Months 6·12 Months 12·18 Months Total

Petrobrazl 2,000 5,800 7,800

Petrotel 2,000 4,490 6,490

Petromu:ha 250 1,722 1,972

ArpechJID 1,800 2,502 4,302

Rafo 535 1,228 1,763

Smaller Refinenes 928 2,925 1.193 5,046

Total 7,513 13,215 6,645 27,373

Section 9
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9331 Group 1

A relattvely small number of workers, c1assrlied as Group I, WJ.1lleave the workforce by normal
attntlOn and by early retlrement AnalySIS of the current worker age dIStnbunon and turnover rate
mdIcates that voluntary attntton will account for only about 600 workers, or about 2 percent of

Decomls- Structural
Total slomngsl Early Mamtenance General Unemploy-

Site DIsplaced Remediation Attritlon1 Rebrement2 Spmout ReabsorptJon3 ment

Petrobrazt 7,800 500 117 387 500 780 5,016

Petrotel 6,490 500 97 305 500 354 4,734

Petrorrudta 1,972 - 71 112 500 493 796

Arpeclnm 4,302 500 121 369 500 806 2,506

Rafo 1,763 - 57 94 500 441 671

Small Refinenes 5,046 500 103 244 1,270 2,929

-- -- - - -- -- --
Total 27,373 1,500 566 1,510 2,500 4,144 16,652

1 Calculated at 1% per year
2 Over age 55
3 Calculated at 25% ofRafo and Petronndla, 10% at Petrobrazt and Arpechtm

933 Classification of Displaced Workers

For the purposes of estlmatmg the costs and tnne hne mvolved WIth the reabsorpnon, the
dIsplaced workers can be segregated mto four groups

• Group 1 These workers, accoun1J.ng for 8 percent of the total, will leave the refmery
workforce through normal attntlOn or early retlrement dunng the I8-month
lffiplementatton penod and will need no redeployment asSIstance

• Group 2 TIns group, compnsmg 30 percent of the total, will find new employment
and be reabsorbed mto the economy of Romama The new pnvate-sector
mamtenance company will absorb a pomon of these workers Redeployment
asSistance will be proVIded through tradIttonal or eX1S1J.ng programs

• Group 3 The largest group of dIsplaced workers, accoun1J.ng for 52 percent, will
find alternate employment after a penad af 3 years, followmg extensIve retrammg
and other SOCIal asSistance Redeployment asSistance needs will be sIgmficant

• Group 4 ThIs group, approXImately 10 percent of the workforce, will be unable to
fmd alternate work and will remam permanently unemployed

97
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Table 9·4 Reabsorption by Category Over a18-Month Duration
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The workers of Group 3 will become structurally unemployed upon termmatIon of employment at
the refinery SIteS For these workers, extended benefIts and SOCIal protectIon are necessary

the total number dIsplaced About 1,500 workers are expected to accept early retlrement under a
program offenng specIal mcentIves to workers over 55 years of age Thus, Group 1 accounts for
only 2,100 workers, about 8 percent of the dIsplaced workforce

Group 3 workers are consIdered capable of takmg advantage of the retrammg opportunItIes to
find new Jobs outsIde of the refinmg sector ExtensIve retratnmg will be essentIal because these
workers (1) currently have narrow mdustnal skills and httle or no alternate work expenence, and
(2) will face strong competItIon for mdustnal employment from termmated employees from
Romama's heavy mdustry

It 18 commonly assumed that the agncultural sector can absorb a slgm:fi.cant proportIon of excess
mdustnal workers However, employment levels m Romaman agnculture are already exceSSIve
Current agncultural operatIons mvolve IDID1mal mechamzatIon, and mcreased mecharnzatIon IS
expected to reduce labor requrrements Therefore, workers dIsplaced from heavy mdustnes are
unhkely to find employment ill agnculture

9-8
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Group 2

Group 3

9332

Section 9

9333

Group 2 conSISts of workers who fmd alternate employment Wlthm the I8-month penod requrred
to Implement the staffing reductIon program About 4,100 workers are expected to find
employment m other sectors of the economy It IS assumed that the new compames formed to
offer outsourced mamtenance servIces will absorb 2,500 workers In addttIon, 1,500 workers
need to be retamed to carry out deCOmmISSlonmg and envlfonmental remedIatIon actIVltIes at the
refinenes that are to be closed The two large refinenes, Petrobrazt and Petrotel, w111 each requrre
500 workers, the two small refinenes, Steaua Romana and Vega, wlll each reqIDre 250 These
staffs will be reduced gradually over a 2-year penod as thIs work IS completed, and we assume
that these workers will find alternate employment Wlthout retrammg asSIstance

Many Group 3 workers will have to relocate from PloelstI to other populatIon centers As
Romama's economy IS transformed, the servIce sector 18 expected to grow and will account for a
growmg proportIon of employment NetJob growth will occur most rapIdly m tradmg, busmess,
and tounst centers, mcludmg Brasov, Bucharest, Constanta, and TlIDlsoara Smce many dlSplaced
refmery workers will be forced to seek work m these CltIes, mobility asslStance will be essentIal
for the structurally unemployed, and thIs asslStance should mclude housmg asslStance,
resettlement allowances, and full transfer of SOCIal asslStance benefits to new employment
locatIons
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94 CRITICAL INVESTMENTS

Table 9-5 Redeployment Costs for a3-Year Duration ($1000)

Section 9 Labor Force ReductIon and Redeployment AnalysIs

The table mdtcates total cntIcal mvestments of approXImately $166 mIlhon for labor
redeployment ReductIon of the refInery labor force decreases fIxed costs by approXImately
$76 mIllion per year, thus a net savmgs of $62 millIon IS expected to be realIzed dunng the 3-year
redeployment penod, WIth a permanent annual reductIon ill operatIng costs of the $76 rrulhon
IdentIfIed above

9-9Romania Petroleum Downstream Restructunng Study
Rationalization and Cntlcal Investment Study - Fmal Report

1018/979 10 AMJrN/n \97 5474\5474c010 doc

9334 Group 4

Group 4 consIsts of workers who are assumed to be mcapable of effectIve partICIpatIon m
retrammg and relocatIon programs TIns group mc1udes apprmomately one-half of the workers
who are above 40 years of age and who have receIved no educatIon beyond hIgh school These
workers have severely hnuted s1a11s, and many will be mcapable of successful relocatIon Most of
them are expected to remam unemployed for an extended penod, and It IS possible that many of
them WIll remam permanently unemployed They may find margmal employment ill low-skill
servIce Jobs or drop out of the workforce altogether

1 SlXIDonths' wages
2 Average of 55% of wages for 270 days, 60% ofapproxunately 250,000 let per month for an add1t1Onal 270

days
3 One year's wages
4 ConSISts of extended benefits/relocation asslStancelsocJ.a1 protection fund, 6 months' wages for Group 3,

1 year's wages for Group 4
5 Includes 2,500 workers III contract mamtenance f'mns

The ehmmatIon of excess refmery labor WI1llead to a slgmficant and permanent reductIOn m
refmmg labor costs These savmgs will be offset m the fIrst 3 years by the cntIcal mvestments that
are necessary for successful labor redeployment These costs mc1ude severance payments,
unemployment compensatIon, retrammg expendItures, and other speCIal expendItures such as
relocatIon aSSIstance and fundmg to support the startup of the new pnvate-sector mamtenance
fIrm Table 9-5 presents an estmlate of cntIcal mvestments reqUIred dunng a penod of 3 years
after the termmatIon of feedstock supply to the deSIgnated refmenes The wages ill the table are
based on an average annual wage of $3,076

Number of Percent of Severance Unemployment Retraining Special Total
Group Workers Total Payments1 Compensatlon2 Costs3 Costs4 Costs

Group 1 2,100 8% $ 3,230 $ 2,411 $ 5,641

Group 2 8,100 30% 12,493 10,277 22,770

Group 3 14,608 52% 22,467 24,985 $44,934 $28,467 120,853

Group 4 2,734 10% 4,215 4,695 8,410 17,320

-- -- -- -- -- --
Total 27,3425 100% $42,405 $42,368 $44,934 $36,877 $166,584
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AppendIx 1

Petroleum Price Proj~ec_t_io_ns_a_n_d_T_re_n_d_s _

1989 224 178
1990 287 238
1991 250 213
1992 219 182
1993 190 155
1994 168 138
1995 169 166 185 165 142
1996 174 171 190 170 145
1997 176 173 192 172 148
1998 178 176 195 174 151
1999 181 178 197 177 154
2000 183 180 200 179 158
2001 185 183 203 181 160
2002 188 185 206 184 164
2003 190 188 208 187 167
2004 193 190 210 189 170
2005 195 193 213 191 173

1989 190 151
1990 254 211
1991 231 196
1992 208 173
1993 185 151
1994 168 138
1995 175 171 191 170 146
1996 185 182 202 180 154
1997 194 191 212 189 163
1998 203 200 222 199 172
1999 213 210 233 208 182
2000 224 220 244 219 192
2001 234 231 256 229 203
2002 246 242 269 241 214
2003 258 254 281 252 226
2004 270 266 295 264 238
2005 283 279 309 277 251

Source Bonner & Moore

A1·1

Naphtha

Romania Petroleum Downstream Restruclunng Study
Rationalization and Cntlcallnvestment Study - Final Report

CURRENT $ (FOB $Jtonne)

Spot Mediterranean Gasoline Prices

CONSTANT 1994 $(FOB $/tonne)

97 RON 95 RON 98 RON 95 RON
Leaded Leaded Unleaded Unleaded
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Petroleum Pnce Projections and Trends

1989 156 161 176 177
1990 207 211 241 242
1991 192 197 205 206
1992 170 175 182 183
1993 160 164 170 171
1994 139 144 149 150 151
1995 145 150 155 157 158
1996 158 163 169 171 172
1997 166 172 177 181 182
1998 175 180 187 190 191
1999 183 189 195 200 201
2000 193 199 211 211 212
2001 202 208 221 221 222
2002 212 218 231 232 233
2003 222 228 242 243 245
2004 232 239 253 255 256
2005 243 250 265 268 269

1989 184 189 207 208
1990 233 238 273 274
1991 208 213 222 223
1992 179 184 191 192
1993 164 169 174 175
1994 139 144 149 150 151
1995 141 146 151 152 153
1996 148 153 158 161 162
1997 151 156 161 164 165
1998 153 158 164 167 168
1999 156 161 166 170 171
2000 158 163 173 173 174
2001 160 165 175 175 176
2002 162 167 177 178 179
2003 164 169 179 180 181
2004 166 171 181 182 183
2005 168 173 183 185 186

A12

Jet Fuel

Romania Petroleum Downstream Restructunng Study
Rationalization and Cntlcal Investment Study - Final Report

CURRENT $ (FOB $/tonne)

Spot Mediterranean Distillate Pnces

CONSTANT 1994 $(FOB $/tonne)
02wt% OOSwt%

Gasoll Diesel Diesel Kerosene

Source Bonner & Moore

Appendix 1
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Source Bonner & Moore

Petroleum Price Projections and Trends

1989 79 103
1990 88 120
1991 69 93 441
1992 73 94 538
1993 59 88 360
1994 75 89 17 85 362
1995 87 100 18 88 3n
1996 88 102 19 92 393
1997 92 107 20 96 412
1998 96 111 21 101 431
1999 100 116 22 105 450
2000 105 122 23 110 471
2001 109 127 24 115 492
2002 115 133 25 121 516
2003 120 139 26 126 539
2004 125 145 27 132 564
2005 131 151 28 138 590

A1-3Romama Petroleum Downstream Restruclunng Study
Rationalization and Cntlcallnvestment Study - Rnal Report

CURRENT $ (FOB $nonne)

Spot Mediterranean Produce Prices

CONSTANT 1994 $(FOB $/tonne)
3 5 wr'los 10 wt%s Anode Lube Base
Fuel 011 Fuel 011 Fuel Coke Coke Stock

1989 93 121
1990 100 135
1991 75 101 478
1992 77 99 566
1993 60 90 370
1994 75 89 17 85 362
1995 84 97 17 85 365
1996 82 96 18 86 370
1997 83 97 18 87 374
1998 84 98 18 88 378
1999 85 99 18 89 382
2000 86 100 18 90 386
2001 87 100 19 91 390
2002 88 102 19 92 395
2003 89 102 19 93 399
2004 90 103 19 94 402
2005 91 104 19 95 407

10115197947 AMJdlVn 1S7 5474\5474c012 doc
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1989 110 115 127 133 134 115
1990 188 191 212 216 201 192
1991 222 173 238 216 247 204
1992 164 168 173 186 179 169
1993 146 148 156 162 151 155
1994 126 123 146 141 136 135
1995 152 142 169 156 176 167
1996 145 144 165 164 159 159
1997 148 150 169 171 163 167
1998 155 157 177 179 172 175
1999 162 164 185 186 181 184
2000 170 112 193 195 191 194
2001 178 179 202 203 200 203
2002 187 188 212 213 211 214
2003 196 196 221 222 222 225
2004 205 205 231 231 234 236
2005 215 214 242 2.42 246 248

1989 129 135 150 156 158 135
1990 212 216 239 244 227 217
1991 240 188 258 234 267 221
1992 173 177 183 196 189 178
1993 150 152 160 166 155 159
1994 126 123 146 141 136 135
1995 147 137 164 152 171 162
1996 137 136 155 155 149 150
1997 135 137 153 155 148 152
1998 136 138 155 157 151 154
1999 138 139 157 158 153 156
2000 139 141 158 160 156 159
2001 141 142 160 161 159 161
2002 143 144 162 163 162 164
2003 145 145 163 164 164 166
2004 146 146 165 165 167 168
2005 148 148 167 167 170 171

Source Bonner &Moore, except for the astensked Items, whIch are from Bloomberg LP

Petroleum Pnce Projections and Trends

A1-4

MEDFOB
Propane Butane

CURRENT $ (FOB $/tonne)

Europe Spot LPG Prices

CONSTANT 1994 $ (FOB $/tonne)

NWECIP
Propane Butane

Romama Petroleum Downstream Restructunng StUdy
Rationalization and Cntlcallnvestment Study - Rnal Report

NWE FOB*
Propane Butane

Appendix 1
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Petroleum Pnce ProjectIons and Trends
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Spot Mediterranean Gasolme Differentials

CONSTANT 1994 $(FOB $/tonne)
98RONLd

Margin Differential to 98 RON Ld Premium (Discount)

To Brent 95 RONLd 98 RON Unl 95 RON Unl Naphtha

1989 63 (46)
1990 86 (49)
1991 87 (37)
1992 66 (37)
1993 59 (35)
1994 49 (30)
1995 44 (3) 16 (4) (27)
1996 47 (3) 16 (4) (29)
1997 48 (3) 16 (4) (28)
1998 49 (3) 17 (4) (27)
1999 50 (3) 17 (4) (26)
2000 51 (3) 17 (4) (26)
2001 52 (3) 17 (4) (25)
2002 53 (3) 17 (4) (24)
2003 54 (3) 18 (4) (23)
2004 55 (3) 18 (4) (23)
2005 56 (3) 18 (4) (22)

Source Bonner &Moore

Romania Petroleum Downstream Restruclunng Study
Rationalization and Cntlcallnvestment Study - Rnal Report
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Petroleum Pnce ProjectIons and Trends

1989 23 5 23 24
1990 32 5 39 40
1991 46 5 14 15
1992 26 5 12 13
1993 33 5 10 11
1994 20 5 10 11 12
1995 15 5 10 11 12
1996 22 5 10 13 14
1997 23 5 10 13 14
1998 24 5 11 14 15
1999 25 5 10 14 15
2000 26 5 15 15 16
2001 26 5 15 15 16
2002 27 5 15 16 17
2003 27 5 15 16 17
2004 28 5 15 17 18
2005 28 5 15 17 18

Source Bonner&Moore

A1-6

Jet Fuel

Differential to Gasoll
005wt%

Diesel Kerosene
02wt%
Diesel

Romania Petroleum Downstream Restructunng Study
Rationalization and Crrtlcallnvestment Study - Final Report

Spot Mediterranean Distillate Differentials

CONSTANT 1994 $(FOB $/tonne)

Gasoll---_.........................~=-------
Margm

To Brent

AppendIX 1
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Arpeclnm Refinery

6 The cost of transfemng PetrochelDlcal feedstocks and products

2 The cost of transport of feedstocks to the refinery gates

21Romania Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnvestment Study - Rnal Report

These Items are lmked IDtO the standalone lmear programmmg models of the refinenes To
develop these models the refinenes were supphed WIth pro-formas to complete whIch detailed for
each operatIng urnt the feed types and the Yield from the urnt for each feed Many of the refinenes
were unable to gIve detailed Yield and property data for each feed Where Yield data 15 IDlSsmg
compansons have been made WIth su:nI1ar unIts on other Romaman refinery SItes Thus the
dIstnbutIon of hght gases butane, propane ethane and fuel gas from one refinery's hydrotreater
may have been used to define the dIstnbuuon ill another refinery's hydrotreater

5 The maxnnum feed to the PetrochelDlcal Complexes and the by-products avallable to the
refinenes

4 The cost of transport of products from the refinery gate to the domestIc markets and the
InternatIonal Market

Explanauon of the PIMS Global Model Methodology

1 The Intemauonal Market pnce of feedstocks and products

AppendIX 2

PIMS Global Model

3 The cost of transport of products from the InternatIOnal Market to each of the domestIc
markets The costs are dtfferenuated between fuel OllS and wlnte products

The PIMS global model defmes for each of the years 1995,2000,2005 the followmg elements

The gas 011 cut from the atmosphenc column IS hydrotreated and then passed to the dlesel pool
for blendmg Str31ght run gas Oll can also feed to the catalyuc cracker (FCC)

Through out the modelmg process the aIm has been to check that there are no mconslStenCles of
Yield and property data across the refinenes The Yield data supphed by the refinenes was m
general, consIStent

The refinenes also supphed maXlITmm operatIng capaclues for each urnt on a separate form

The refinery model IS shown schematIcally m SectIOn 4 The naphthas eXIt the atmosphenc
column are hydrotreated and then enter the reformer ThIS urnt produces hydrogen for the
hydrotreaters and reformate for gasohne blendmg Treated naphtha can also be exported

10/15/971028 AMllw/n \97 5474\5474c011 doc
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Petrobrazt Refinery

Whtle not shown on the chagram the model mcludes two atmosphenc and vacuum umts and two
VlSbreakers

TIns refinery lS shown schematically ill SectIOn 4 Two streams are shown one for low sulphur
domestic crudes and the other for hIgher sulphur Imported crude feeds

Vacuum gas Oll to the lubes urnt undergoes hydrocracktng and dewaxmg to proVlde lube Oll
products and chesel fuel blendIng components

22

PIM Global Model

Romania Petroleum Downstream Restructunng Study
Rationalization and Cnllcallnvestment Study - Fmal Report

IArpechlm processmg urnts KT/day

Atmosphenc DIstillatIon I 10 6000
Atmosphenc DIstillatIon IT 115000
Vacuum UmtI + II 45000
Naphtha Hydrotreater 20000
CatalytIc Reformer 16000
Gasoll Hydrotreater 30000
CatalytIc Cracker and Gas Plant 48000
H2Plant 00200
VISbreaker Umt I +II 18000
Luboll Hydrocraker 03600
Luboll Hydrodewaxmg 06500
BItumen Plant 06660
Gas Plant
Amme Wash and Sulfur Recovery

Appendix 2

From the vacuum tower the gasoll can feed to the FCC or the lubes processmg umts whlle the
resIdue runs down to the VlSbreaker or bItumen urnt The VlSbroken reSIdue IS feed to the fuel Oll
pool WIth the heavy naphtha feedmg to the FCC The gases eXIts the VlSbreaker feed to the FCC
gas plant Vacuum resIdue can also blend drrectly mto fuel Oll

The FCC produces naphthas and chesels for the gasobne and dresel pools and sluny oil for the fuel Oll
pool LIghter gases are separated for LPG produC1lon, and as feed for the petrocheIDlcal complex.

Gases from the process urnts are washed usmg amme solutlOn to remove hydrogen sulphIde and
then eIther pass to the plant fuel system or the gas fractlonatron plant ThIs urnt produces LPG
and C5's whIch are blended to gasohne, export naphtha or petrocheIDlcal feedstocks All gases
can also feed the fuel gas system and the flare to remove the constramts that gas producnon may
have on urnt operatmg capaCIty

1011519710 28AMllwln \97 5474\5474c011 doc
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PetroIDld1a Refinery

The refinery IS shown schematIcally m SectlOn 4 ThIs IS a smgle tram refinery With
hydrotreatment available for naphthas to vacuum gas oils

Vacuum reSIdue can feed to one of two cokers to prOVIde naphtha, gasoll and coke The coker
naphtha and gasoll are hydrotreated pnor to processmg Vacuum reSIdue IS also used as a
blendmg component for the fuel oll pool

Vacuum gas oll from both trams feed to the catalytIc cracker (FCC) ThIS urnt mcludes the
unsaturate gas plant and produces, LPG~ propylene, naphtha (blendstock for the gasohne pool)
dIesel and slurry oll (blendstock for the fuel 011 pool)

2-3

PIM Global Model

RomanIa Petroleum Downstream Restructunng Study
Rationalization and Cntlcallnveslment Study - Final Report

Petrobr3Z1. processmg unIts KT/day

Atmosphenc DIstillatIOn and Vacuum Urnt I TId 10 606
Atmosphenc DIstillatIon and Vacuum Urnt II TId 10606
Naphtha Hydrotreater I TId 33333
Naphtha Hydrotreater II Tid 27273
LIght Naphtha Reformate TId 15152
Heavy Naphtha Reformate TId 15152
CatalytIc Reformer Tid 15152
NC5 IsomensatIon TId 06000
Kerosene Hydrotreater TId 10610
Gaso:tl Hydrotreater (D&I) TId 10610
CatalytIc Cracker & Gas Plant TId 33330
Delayed Coker I TId 15000
Delayed Coker II TId 25000
Gas Plant Tid

AppendIX 2

The hght dIStillate cut from the atmosphenc umts IS hydrotreated m the kerosene hydrotreaters
and then eIther becomes dual purpose kerosene (DPK) or can be blended mto the dIesel pool
Untreated hght dIstillate can also be used as a dIesel pool blendmg component The heavy
dIStillate (gaso:tl) can be used drrectly as a blendmg component m the dIesel pool or hydrotreated
m the gaso:tl hydrotreater pnor to addItIon

10/15/9710 28AMflw/n \97 5474\5474c011 doc

Naphthas from both columns are hydrotreated and eIther separated mto hght and heavy naphtha
for reformmg or passed drrectly as whole naphtha to a thIrd reformer The hydrogen eXltmg the
reformers IS used m the hydrotreaters The reformate IS used as a blendmg component m the
gasohne pool, or passes to set of separatlOn umts for the productlOn of aromat1cs such as
benzene, toluene, hght and heavy gasohnes~ etc
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LIghter gases from the process umts undergo amme washmg and the H2S nch gas IS converted
mto sulphur Treated gases are used m the refinery fuel system

After hydrotreatment straIght run naphtha IS reformed and then used as a blend component for the
gasobne pool The reformate can also transfer to the assocIated Petrochenncal complex although
tins has recently been moperatlve

To enhance gasobne octane PetromtdIa has recently constructed an MTBE umt whtch should be
commtSsIoned at the end of 1995 Thts utthzes the C4 stream from the FCC unsaturate gas plant
together WIth methanol to produce MTBE whtch IS blended IDto gasolme

2-4

PIM Global Model
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PetroIDldta processm~ urnts KT/day

Atmosphenc Dtsttllatron I TId 10 6060
Vacuum Urnt I TId 50900
Naphtha Hydrotreater I TId 24850
Catalync Reformer TId 15150
Kerosene Hydrotreater TId 10300
Gasotl Hydrotreater Tid 21810
VGO Gasoll Hydrotreater Tid 36850
Catalync Cracker & Gas Plant TId 22540
Hydrogen Plant, TId 00300
Delayed Coker TId 35100
MTBEUmtT/d 01060
Gas Plant TId
Gas Desulphur TId

AppendIX 2

The hght dIStillate after hydrotreatment runs down to dual purpose kerosene or can be used as
blend component ill the dIesel pool StraIght run heavy dtsttllate can be hydrotreated or run down
dIrectly to the dtesel pool

Vacuum reSIdue feeds to the delayed coker or dIrectly to the fuel otl pool The coker naphtha
feeds to the naphtha hydrotreater and then onto the reformer Coker gasotl after hydrotreatment
runs down to the dtesel pool The PetromtdIa coker produces a reSIdue stream whtch IS blended
mto the fuel Oll pool

Vacuum gas 011 (VGO) can undergo hydrotreatment or pass drrectly to catalytIC crackmg urnt
(FCC) The FCC upgrades the VGO to gasohne and dtesel WIth slurry otl bemg blended mto the
fuel Oll pool The FCC urnt also mcludes the unsaturate gas plant and thlS produces C3 and C4's
for LPG and propylene feed to the petrochenncal complex

10/15/9710 28AMllw/n \97 5474\5474C011 doc
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LIght gases undergo amme treatment and then sulphur recovery and are then used ill the process
fuel system

Vacuum gas OUlS processed m the FCC Wlth the products feedmg the gasolme, wesel or fuel ou
pools Vacuum reSIdue eIther feeds the asphalt urnt, the coker or blends drrectly to fuel ous

Vacuum resIdue runs to an asphalt blowmg urnt for bItumen productlOn or the resIdue deasphalted
Wlth the pItch passmg to the blowmg urnt

The refinery modellS shown m Sectlon 4 The refinery has two trams one feedmg VGO to the
FCC the other supplymg a lubes processmg umt

2-5
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Petrotel processmg umts KT/day

Atmosphenc DIStillatlon and Vacuum Urnt I +11 Tid 40000
Atmosphenc DIstillatIon and Vacuum Urnt rn Tid 11 0000
Naphtha Hydrotreater TId 21000
CatalytIc Reformer Tid 13000
Gasod Hydrotreater Tid 23000
CatalytIc Cracker & Gas Plant TId 34000
Hydrogen Plant, TId 00050
Delayed Coker TId 17000
Propane Deashphaltmg TId 04000
Furfural Extractron I + II TId 07000
MEK Dewaxmg I + II TId 05000
Hydrofimshmg Tid 04000
Deol1mg and Paraffm Refinmg TId 01000
Gas Plant Tid
Amme Urnt & Sulfur Recovery TId
Caustlc Treatment Tid
Lube Blendmg Tid
Ashphalt Blowmg Tid

AppendIX 2

Petrotel Refmery

The lubes tram IS the smaller of the two and deSIgned for low sulphur crudes Naphthas and
dIStillates are passed to the second tram for processmg Vacuum gas OUlS processed m a furfural
extractlon urnt, a de-waxmg urnt and hydrofimshmg to produce final blended lube otIs The VGO
can also be used as feed to the FCC on tram 2

The second tram lS more conventIonal and deSIgned for hIgh sulphur crudes The naphthas
undergo hydrotreatment and are then catalytIcally reformed pnor to blendmg to gasohnes The
wstillates are hydrotreated and then blended to wesel fuels

10/15/971028 AMI1w/n \97 5474\S474c011 doc
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The FCC umts mc1udes the gas plant and produces C3's, C4's, naphtha, diesel and slurry oIl

The refinery modellS shown m Sectlon 4 The refinery has two operatmg trams although some
common unIts eXlSt

The aIm IS to assume Darmanestl contmues to operate but produces only needle coke LIqUld SIde
products would be transferred to Rafo

2-6
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Rafo and Darmanesu processm.e; umts KT/day

DarmanestI DlsUllauon Tower TId Note 1
DarmanesU Thermal Cracker TId Note 1
Darmanesu Needle Coker TId Note 1
Atmosphenc DlSUllauon and Vacuum Umt I Tid 2576
Atmosphenc DlSUllauOD and Vacuum Umt II Tid 10606
Naphtha Hydrotreater I + II TId 4460
Kerosene Hydrotreater Tid 10400
Gasoll Hydrotreater Tid 21360
VGO/GasoI1 Hydrotreater Tid 37270
Catalytlc Cracker & Gas Plant Tid 38300
Hydrogen Plant. Tid 00227
VlSbreaker Umt Tid 10910
Delayed Coker Tid 09090
Amme Umt & Sulfur Recovery Tid
Platfonner I + II Tid 15150

AppendIX 2

Rafo Refinery (mc1udmg Darmanestl refinery)

LIght gases from the process unltS are first amme treated pnor to use m the fuel gas system.
Sulphur IS recovered from the nch H2S gas eXlt1ng the amme treater

The straIght run naphthas undergo hydrotreatment and reformmg wIth the reformate blendmg mto
the gasolme pool LIght dIStillate m hydrotreated to run down as dual purpose kerosene Heavy
dlStJ1J.ate after hydrotreatment IS run down to dIesel fuel The vacuum gas Oll can eIther pass
dIrectly to the catalync cracker (FCC) or undergo hydrotreatment fIrst

The vacuum resIdue can be VISbroken With the resIdue bemg blended to fuel 0l1, passed to the
delayed coker or dIrectly blended to fueloll The slurry Oll from the FCC together WIth the FCC
dIesel stream are used as cutter stocks for the fuel oll pool

The pnncipal untts mvolved With the productlon of needle coke at Darmanestl refinery are also
mc1uded m thIs model These mclude an atmosphenc tower feedmg resIdue to a thermal cracker
The reSIdue from the thermal cracker passes to a coker wlnch produces the needle coke The
loadmg of the umts IS determmed by the local market demand for needle coke The hqUld
products from all the untts are assumed to be transferred to Rafo for final processmg and blendmg
mto products Gases are not accounted for m the model smce they are nor transferred currently

10/15/971028 AMJrN/n \97-5474\5474c011 doc
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Atmosphenc and Vacuum dtstJ.11atton

Refinery Configuranon and Performance

AppendIX 2 PIM Global Model

The followmg pages prOVIde detat.ls of the forms supphed for the process UnIts The order of the
forms WIth a few comments are as follows

2·7Romania Petroleum Downstream Restructunng Study
Rationalization and Cnllcal Investment Study - Fmal Report

Three refmenes, Arpechtm, PetroIDlwa and Rafo already hcensed PTh1S and thIs was reflected m
the understanding of the SIte personnel m respect of the mformatton requested Of these refinenes
Arpechtm and Rafo were parttcularly helpful, supplymg therr own refinery PIMS model Thts
mformanon was used to supplement the data prOVIded on the forms

On the second VISIt the completed forms were collected and dIscussed With the refinery personnel
At tlns tlme It became apparent that the refmenes possessed only hmtt mformanon on the
vananon ofurnt operanon With feed and operatlng parameters Thus much of the Yield data was
based on a DllXed feed composItlon at a smgle operaung seventy For the crude dIsttllatton
towers very hmtted assay mformatton was ava1lable for Romaman crudes and the refinenes were
m general unable to lmk refmery operatton to crude feed charactensttcs Even so suffiCIently
detaJ.1ed mformatlon was supphed, and thts was hnked W1th mformatton from Rafirom and the
PIMS hbrary of refmery operanons, to butld the PIMS models used for the study Checks were
made across the refinery data supphed to achIeve panty between the dIfferent SIteS

Each of the major refinenes was VIsIted on two separate OCCasIOns Dunng the fIrst VISIt the block
flow diagram was constructed for currently operaung umts and based on tlns mformanon forms
were supphed for completton which would enable the PIMS models to be buIlt The refmenes
were requested to proVIde as much mformanon as possIble regardmg Yields and propertIes of
streams and to duphcate the forms for each feed and seventy of operatton It was stressed that
maxImum operattng and not desIgn data were reqUIred There was no pomt developmg a PIMS
model based on the refinery desIgn smce modlficattons and developments smce desIgn can make
such data restncttve

Note 1 The capacIty of these umts was determmed by the needle coke
demand

The UnIts were combmed on a smgle form to encourage the refinenes to mass balance the crude
feed rate With the overall stratght run product YIeld A major atm of thts table was to proVIde
suffiCIent !nformatlon to allow the column cut pomts to be determmed The refmenes dId not
have detatled crude feed mformatlon probably a result of the centrally allocated crude pohcy
Thus column Yields were not avatlable for each crude For the blend ofcrudes adVIsed the cut
pomts supphed by the refmenes dId approXlIIlate to the YIelds shown

10/15/9710 28AMllw/n \97-5474\5474cOl1 doc
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Reformers

Aromanes ExtractIon Umts

GenencUmt

2-8
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AppendIX 2

Cataly11C Cracker and Coker

The catalytJ.c cracker fOlDl was anned at supplymg YIelds and propemes for the product streams
Whtle the YIelds re lIDpOrtant m detelDlffiffig the perfolDlance of the umt the stream propemes are
essentlal for the next stage of the modellmg where these streams are blended to the final refmery
gate product The usual hImtatIon on mformatlon for separate feeds was apparent For a
combmed vacuum gas oll feed the YIeld and propemes were generally complete

The reformers operate at smgle seventy the refinenes were unable to supply yIeld shtft
mfolDlallon based on the naphthenes and aromatIcs content of the feed so sample model sh.J.fts
were used although these were mochfied by mfolDlatlon supphed by Rafrrom

Hydrotreaters

For all other refmery unIts the data were collected usmg thIs table The refmery were requested to
copy the form and complete for umts such as Isomensanon, VISbreakers etc

Some of the refmenes operated aromatIcs extractlon umts that used the feed from the refolDler
umts to proVIde streams such as benzene, toluene and xylene for theIr asSOCIated petrochemIcal
complexes Informatlon on these UnIts was collected although for the refmery modellmg m PIMS
It was assumed that these extractIon UnIts were Wlth.m the petrochemIcal complex Only m the
case of Petrobrazt refinery was thIs mformatlon dIrectly used m the model, smce m thIs case It
proved dIfficult to determme the value of the reformate feed to the petrochemIcals complex

The hydrotreaters were assumed to only mochfy the sulphur content of the feed Some of the
refinenes were able to gIve specIfic mfolDlatIon on the break-down ofthe gas stream (methane to
butanes) 'Where tins mfolDlatIOn was not available the mfolDlanon from the other refinenes was
used to develop therr YIeld mto hght component flows For the gasOlI hydrotreaters wlld naphtha
streams YIelds were prOVIded and these have been mcorporated The YIeld of hydrogen sulphIde
was detelDlmed from the feed sulphur after allowance for sulphur m the treated product streams
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AppendIX 2

Atmosphenc and Vacuum Towers

PIM Global Model

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

REFINERY

ATMOSPHERIC AND VACUUM DISTI~LATION UNITS CDUUNITID

.------ VDUUNITID
~

A p- I Tpn

T - TOnM
0
S C3 TPD

P
H .. C4 TPD

FEED E Ti>n
NAME R

FLOW TPO ... I

API ... C NAPHTHA CUT(S) LIGHT HEAVY

SULPHUR - CUT POINT C

IWTo< .. FLOW TPD
C SPECIFIC GRAVITY
0 VAPOUR PRESSURE (RVP)
L SULPHUR wr"
U RON
M
N

KEROSENE CUT(S)

CUT POINT C
FLOW TPO

- SPECIFIC GRAVITY.. SULPHUR WT"
AROMATICITY
SMOKE POINT mm

DIESEL/GAS OIL CUTIS)

CUT POINT C
FLOW TPD... SPECIFIC GRAVITY... CLOUD POINT C

POUR POINT C
SULPHUR WT%
CETANE INDEX

'--r-- VISCOSITY 0 C cSt

ATMOSPHERIC RESIDUE
FLOW TPD
SPECIFIC GRAVITY... SULPHUR WT%

VISCOSITY 0 C cSt

~t.. VISCOSITY 0 ·C cSt
CONRADSON CARBON

V
A
C VACUUM GAS OIL(S) VGOI VG02
U CUT POINT(S)
U ... FLOW TPD
M .. SPECIFIC GRAVITY

SULPHUR wr"
C VISCOSITY 0 C cSt
0 VISCOSITY 0 C cSt
L AROMATICITY
U
M
N

1 VACUUM RESIDUE
FLOW TPD

... SPECIFIC GRAVITY.. SULPHUR WT%

VISCOSITY 0 C cSt
VISCOSITY 0 C cSt
AROMATICITY

UTILITIES SPECIFIC CONSUMPTION
".~""..

C"'C",

ICllc, "00

I
10/15/97 10 28 AM1lw/n \97 5474\5474cOl1 doc Romania Petroleum Downstream Restructunng Study

Rationalization and Cntlcallnvestment Study - Final Report
29



I
I AppendIX 2 PIM Global Model

Catalyt:Lc Cracker

FCC FEED 1 ..
FLON TPD ---.tH2S TPD

SPECIAC GRAVITY
G.4S TO G.4S PlANTSULPHUR WT%

~
H2 TPD

PRODUCT FLON MODIAER. C1 TPD

ARCMATIOTY UQVa..1o ~ TPD-. ~= TPD
C3 TPD
C3= TPD
1C4 TPD

NC4 TPD

FCC FEED 2 C4= TPD

FLON TPD
SPECIAC GRAVITY
SULPHUR WTo/

NAPHTHAS

PRODUCT FLON MODIAER. f-+ LIGHT HEAVY
FCC

ARCMATlaTY UQVa..1o FLON TPD...... c.urOiNT °c
SPG
SULPhUR WT/o
RCX\I
REID VAP PRESSURE

FCC FEED3
FLON TPD
SPECIAC GRAVITY
SULPHUR WT% LIGHT CYQ.EOIL/DIESa

~
FLON TPD

PRODUCT FLON MODIAER. ENDPOINT °c
ARCMATICITY uava..% SPG

~ SULPHUR WT%
POJRPOINT °c
V1SCCSITY @ °c cst
CETJIJIIEINDEX

FCCFEElD4
FLON TPD SLURRY OIL
SPECIAC GRAVITY FLON TPD
SULPHUR WfOI --+ ENDPOINT °c

SPG
PROOJCT FLOW MODIAER. SULPHUR WfOIo
ARCMATlaTY UQVa..%

~ POJRPOINT °c
V1SCCSITY @ °c cst

V1SCCSITY @ °c cst

ca<E

~
FLON TPD
SULPHUR WfOIo

I
I
I
I
I
I
I
I
I
I
I
I
I
I

REFINERY

FLUIDISED CATAI.YTlC CRAO<ER
UNITID

OPERATING MODE_

I
I

UTILITIES SPECIAC CONSUMPTICX\I

t:A1l::Or>V

<::TI:M!

~II:I t::1I<:: V....A1n-""..II.,

I
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AppendIX 2 PIM Global Model

I REFINERY

COKER OPERATING MODE

I
I
I
I
I
I
I
I
I
I
I
I
I
I

UNITID

~H2S TPD
FlEED 1
FLOW TPD
SPECIFIC GRAVITY

GAS TO GAS PLANT
H2 TPD.... C1 TPD

III"" C2 TPD
PRODUCT FLOWS MODIFIED 4 C2- TPD
CON CARBON WTk C3 TPD

API C3- TPD
104 TPD

N04 TPD
C4- TPD

FEED 2
FLOW TPD
SPECIFIC GRAVITY NAPHTHAS

UGHT HEAVY

.... C FLOW TPD.... 0 f--+ ENDPOINT DEG C
PRODUCT FLOWS MODIFIED

K SPECIFIC GRAVITY

CON CARBON WT/ E RON

API
R VAPOUR PRESSURE

(RVP)

DISTILLATE

FLOW TPD
FEED 2 ENDPOINT DEGC
FLOW TPD 4 SPECIFIC GRAVITY
SPECIFIC GRAVITY SULPHUR WT%

POUR POINT OEGC
VISCOSITY lit DEGC CSt.... CETANE INDEX... VAPOUR PRESSURE (RVP)

PRODUCT FLOWS MODIFIED
CON CARBON WTk
API GAS OIL

FLOW TPD
ENDPOINT DEGC

~
SPECIFIC GRAVITY
SULPHUR wrk
POUR POINT DEGC
VISCOSITY lit DEGC cSt
VISCOSITY lit DEGC cSt

PROCESS COKE

r-----. FLOW TPD
SULPHUR
wr/

unUTIES SPECIFIC CONSUMPTION

ELECTRICAL ENERGY KWHfTONNE
STEAM GrrONNE
FUR GAS KCAllTONNI'

I
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AppendIX 2

Reformer

PIM Global Model

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

REFINERY

CATALYTIC REFORMER SEVERITY OR OPERATING MODE
UNIT 10

FEED 1 ~H2 TPD
FLOW TPD
SPECIFIC GRAVITY

C' TPO

PRODUCT FLOW MODIFIED BY
po

-rt!'3 TPD

NAPHTHENES LIQ VOL%
AROMATICS LIQ VOL'"

CATALYTIC REFORMATE 1
REFORMER FLOW TPD

SPECIFIC GRAVITY
FEED 2 RON
FLOW TPD VAPOUR PRESSURE (RVP)
SPECIFIC GRAVITY .. ~ FO R REFOR MA'TE TO ARO fAA TICS EXTRACTIO N
PRODUCT FLOW MODIFIED BY CDMPosnON
NAPHTHENES L1Q VOl.' BENZENE WT%
AROMATICS LlQ VOL", TOLUENE WT%

XYLENE WT%
OTHER PRODUCTS WU

FEED 3
FLOW TPD
SPEOIFIC GRAVITY

~

PRODUCT FLOW MODIFIED BY
NAPHTHENES LIQ VOL"
AROMATICS LIQ VOL%

UTILITIES SPECIFIC CONSUMPTION

T AM KG T NN

I
10/15/9710 28AMllw/n \97 5474\5474c011 doc Romania Petroleum Downstream Restructunng Study

Rationalization and Cntlcallnvestment Study - Fmal Report
2·12



I
I AppendIX 2 PIM Global Model

I Hydrotreater

REFINERY

HYDROGEN TPO H2S TPD I
~ Cl TPO

c: C2 TPD

FEED STREAM 1 B C3 TPOFLOW TPD ~
SPECIFIC GRAVITY 0

~
a: C4 TPOSULPHUR WT% 0

~ >
J:

TREATED FEED 1.. SULPHUR WT%

FEEO STREAM 2
FLOW TPD TREATED FEED 2
SPECIFIC GRAVITY

~ ~ SULPHUR WT%
SULPHUR WT% ~

HYOROTREATER
UNIT 10

I
I

I

I
I

I
UTILITIES CONSUMPTIONS

~TFA" 'nJTnNNF

I
I
I
I
I
I
I
I
I
I
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AppendIX 2

Aroma1J.c Extrac1J.on Urnt

PIM Global Model

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

REFINERY

AROMATICS EXTRACTION PLANT
UNIT ID

FEED 1 BENZENE TPO I
FLOW TPO
COMPOSITION . TOLUENE TPD

BENZENE ~

5TOLUENE .. XYLENE TPO I
XYLENE 6 -
OTHER PRODUCTS

~ OTHER PRODUCTS
TPD

i TPD
FEED 2 TPD
FLOW TPD
COMPOSITION

BENZENE . a:

'"TOLUENE p

XYLENE
OTHER PRODUCTS FOR GASOLINE BLENDING COMPONENTS

FLOW TPD
SPECIFIC GRAVITY

~ RON
VAPOUR PRESSURE CRVPt

UTILITIES CONSUMPTIONS

Ic. c.c",",v low .rrn."c

I
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AppendIX 2

GenencUmt

PIM Global Model

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

REFINERY

GENERAL UNIT OPERATING MODE
UNIT 10

PRODUCT 1 TPD
SPG-----. SULPHUR
WT%

FEED 1
FLOW TPD
SPECIFIC GRAVITY
SULPHUR WTIo

PROOUCT 2 TPD..
----

SPG.. SULPHUR
WT~

I"''''''' 1 PRODUCT 3 TPD
SPO

FEED 2 -----. SULPHUR
FLOW TPO WT~
SPECIFIC GRAVITY
SULPHUR WTIo

--.. PRODUCT 4- TPO
SPO
SULPHUR
WT%

FEED 3
FLOW TPD

PRODUCT 5 TPOSPECIFIC GRAVITY

----
SPG

SULPHUR WTh SULPHUR- WU

UTILITIES SPECIFIC CONSUMPTION

m ~

I
10/15/9710 28AMllw/n \97-5474\5474c011 doc Romama Petroleum Downstream Restructunng Study

Rationalization and Cntlcal Investment Study - Final Report
215



I
I AppendIX 2 PIM Global Model

I
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A set of forms were also supphed to provIde feed, product and blend data, these are shown
below

Feed and Product form

REFINERY FEEDS AND PRODUCTS

REFINERY

FEEDS NAME QUANTITY UNITS SULPHUR API
(eg tonnes/day (WTk)

barrels/day)

DOM ESTle

1M PORTED

IRANIAN liGHT

IRANIAN HEAVY

PRODUCTS NAME QUANTITY UNITS

I
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BLENDING COMPONENTS REFORMATE STR RUN ISOMERATE FCC UGHI' ol!lom-> -->
UGHTNAPH NAPHTHA

PROPEm"IES GASO NE SPECIRCATION

SPECIFIC GRAVITY
RON

:W

I
I
I
I
I
I
I

AppendIX 2

Blend Table

REFINERY

GASOLINE Specify name

PIM Global Model

BLENDING COMPONENTS COMPTI COMPTl olhers-> -->-- -->

lo""n

~.

I
I
I
I
I
I
I
I
I
I
I

etc repeat blocks below for JET. DIESEL. LOW SUb FlaiL. HIGH SUb FlaiL "",,,

I
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I AppendIX 2 PIM Global Model
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Fmally the process umt maxunum operatmg capaCltleS are reqwred so for each refmery a table
was constructed as follows It was stressed to the refmery personnel that the reqmred capaCltles
were MaxIDmm Operatlng not desIgn and mformatlon was only reqmred for currently operatlng
umts or those umts that would be fully comnusslOn by the end of 1995 The data was venfied
after completlon by Rafirom and the Rafirom corrected values were used

Operatlng CapaCIty Table

PROCESS UNIT CAPACITIES

REFINERy.

UNIT IDENTIFIER DESCRIPTION MODE MAX OPERATING CAPACITY UNITS
("9 ton ."a/day

barrels/dav'

Ir:RUI). n""TII .TI,., UNIT NO 1

CRUDE VACUUM UNIT NO 1

CRUDE DISTILLATION UNIT NO.2

Ir:RlIn" VAr:III1M UNIT NO ?

NAPHTHA HynROTR"AT"R

!'lPLITTER

ISOMERISATION UNIT

1.1'1

GAsol' HYDROTRI=ATER

'" 111"1 r: .TAI YTIr: MAY'" ."N ,•• "
HUI[] CATALYIr: lAY I'll""'"

COK"R

'" A"'T

SULPHUR PI ANT

".,111:> WAT"I:>

AMINE UNIT

'All "'A!'l

I
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From the preVIous senes of forms together WIth the block flow d1agrams the PIMS refinery
models were constructed The urnt capaCllles have already been reported WIth the descnptIon of
the millvidual refmery models The yIeld of straIght run product from the crude urnts IS
determmed by PIMS from the crude assays and are dependent on the blend of crude feeds to the
unIts For the current study the Yield of strmght run products from the crudes were as follows

The followmg tables descnbe for the major refinery umts the Yield of products as supphed by the
refinenes Where there are multIple UnIts on a refmery SIte the Yields quoted represent a
reasonable compromtse If there were IdentIfied dtfference between the urnts e g , a hght naphtha
hydrotreater versus a full range naphtha treater the Yields have been retaIned as reported All
Yields are mochfied based on feed sulphur, whtch not only changes hydrogen sulphtde Yields and
hydrogen consumptIon (where apphcable) but also hght gas and IDalll product YIelds ThIs
vanatIon m Yield has been based on sample model data and mformatIon supphed by Rafirom
Some unIt Yields are mochfied by other feed property parameters e g , concarbon m the delayed
coker

CRupe ASSAY DATA

IRH IRL UH2 SID B-R MlN BLACKS§,\. MZ2 MT2 PL2
IraruBn Hoavy Iranian Ught Urals ElSo.nd EsSlder MunlDnia Mmtol'W1 Mddavlan Md_MoI_

Spoclfic Gravity 087 OSS OSS 084 087 082 087 oss 082 012
SUphur wll' ISS 145 2:15 037 019 091 041 091 001 0:15

YioIds"
Gases wll' OS, 456 36 406 312 2.SS .,2 2,", 582 10'
Naphfl. wll' 1589 19 13.39 1901 14.52 1767 14.52 1767 1971 1018
CIsIU.to wll' 30.25 .2.82 29.85 3428 37U1 3821 371Q 38.21 :15M 308
Vacuum Gas Oil wll' 2535 2463 27.5. 25.4 274 25.39 294 25.39 28.43 30.28
Vac ResdiUG wlo/ 247 19 2565 167 1778 15.84 1578 15.84 10.59 2e.&l2

219
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AppendIX 2

CATALYTlC CRACKER YIELDS

Refinery SItes Arpechlm Petrobl'aZl Petromldla Petrolel Rafa

Products
C, to C4 (Incl ~) Wl% 182 165 109 212 22.4
Naplhas Wl% 52.0 474 560 476 512
Gas ods wt% 168 227 200 170 162
Slurry wt% 62 62 75 67 43
Carbon on catalysl wt% 68 72 56 75 59

Qualities- Cat Naphtha Octane 935 915 92.7 900 910

10115/971057 AM/lw/n \97-547415474cOl1 doc
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AppendIX 2

DELAYED COKER YIELDS

Refinery slles Arpechlm Petrobrazl Petromldla Pelrotel Rato

Products
C, to C4(Incl H~) wt% 93 99 122 110
Naplhas wt"10 93 112 123 123
light Gas Oils wt"10 237 327 172 163
Heavy Gas Oils wt% 227 164 153 418
Residue wt% 144 221
Coke wt% 206 298 209 186

VISBREAKER {THERMAL CRACKER YIELDS

Refinery slles Arpechlm Petrobrazl Petromldla Petrotel ROOo

Products
C, to C4(Incl H~) wt"10 1 0 69
Napthas wt"10 18 72
Residue wt% 972 859

NAPHTHA HYDROTREATER YIELDS

Refinery slles Arpechlm Petrobrazl Petromldla Petrotel ROOo

Hydrogen consumption wl% 15 09 1 1 19 04

Products
C,lo C4 (Incl H2S) wt% 47 83 57 83 53
Treated naphtha
(mcludes pentanes) wt% 968 926 954 936 951

INote Hydrogen consumptIOn modlfJed by feed sulphur I

PIM Global Model

I
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Appendix 2

REFORMER YIELDS

Refinery sdes Arpechlrn Petrobra2J Petromldla Pelrolel Rafo
lNaphha HyNaphha FRNophha

Hydrogen Yield wtOJ. 4~ 39 33 51 41 51 60

Products
0, 10 O. (Incl H,S) wto/ 274 233 124 165 135 165 200
Reformate wto/ 769 806 909 886 906 88.6 860

Quall1les Reformale Octane 880 990 not specriled 900 910 900 900

INOlo Petrobrazi cporates IhrN roformers for IishtM. h!8W 11M and full range (FR) naphtha I

KEROSENE HYDROTREATER YIELDS

Refinery sIles Arpechlm Petroorazl PetromlClia Petrotel Ralo

Hydrogen consumptIOn wt% 17 18 18

Products
Ct to C4 (Inc! H~) wt% 20 62 20
Naphthas wt"10 36 18 14
Treated Dlsbllate wt"10 961 956 998

INoie Hvdroaen consurnntlon moddled bv feed su!l:lhur I

DISTILLATE HYDROTREATER YIELDS

Refinery sIles Arpechlm PetrobrazJ Petromldla PetrOlel Ralo

Hydrogen consumpbon wt% 09 31 11 10 14

Products
Ct to C4 (Incl H~) wt"10 22 15 45 75 43
Naphthas wt% 12 88 19 28 16
Treated DIIlliate wt% 975 928 966 935 971

INote Hydrogen consumption moddled by feed sulphur I

PIM Global Model

I
10/15/9710 28 AMIlw/n \97 5474\5474cOl1 doc Romama Petroleum Downstream Restructunng Study

Rationalization and Cntlcallnvestment Study - Final Reporl
221



-
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

AppendIX 2

VAC, GAS OIL HYDROTREATER YIELDS

Refinery sdes Arpechlm Petrobrazl Petromldla Petrotel Ralo

Hydrogen consumpllon wt% 08 20

Products
C1 to C4 (Incl H~) wt% 42 51
Naphthas wt% 19 03
Treated Dllillate wt% 966 969

INole Hvdroaen consumDt,on modd,od bv feed sulohur I

PIM Global Model

I
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