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MEMORANDUM REPORT

A.. INTRODUCTION

In March 1984, the Management of KPRL presented the Government and

’industry shareholders with a first phase proposal foriupgrading the

Mombasa Refinery which involves"ﬁ

‘Ioff;;Improvement of operations and fractionation efficiency by
: revamping and combining the two existing CDUs to operate in

series, but involving a reduction in maximum refinery crude

Acapacity.

'a kerosene-minus overhead stream invﬂomp;ex I or:ineagseparate
{HDS unit in Complex II
0. -Some improvement in LPG recovery..

VfThis memorandum report first considers the technical advantages of the

,”;above modification pro osal.{

'Secondly, we have ca1cu1ated a. series of

r!material balances for‘a'wide variety of crude processing schemes

",fincluding:

o A No-Investment case

o ' The KPRL proposal
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‘0. The thernal cracker proposal.

The material balance calculations have been made assuming a variety ?:ff

crude slates.ff

Thirdly, an economic analysis:has been made to compare the gross

operational options."‘

B. TECHNICAL REVIEW

1. Technical Advantages of the KPRL Proposal:

~a, Merox.:

A Merox unit is cheap to install and the process“is“ ess costly to

:operate and more- energy efficient than the hydr_ ,,ing it'repl es;
;However, since Merox sweetening does not actuallyfreduce sulfur content

Ji(it merely converts foul-smelling sulfur compounds like mercaptans to

b;less malodorous disulfides) it will be necessary\forfthe refinery to

,jproduce and market two grades of kerosene' ‘gklatively high sulfur

flcontent jet fuel (0 3 percent weight sulfur max) will be produced

'fexclusively by Merox treating.; A lower sulfur cvntent illuminating i}

:kerosene (0 15 percent sulfur content) will be produced by Merox

A\ Arthur D. Little, Inc.



treating from low sulfur: crudes such as Murban, but will require HDS

treating if it is{produceiblrom higher sulfur crudes such as Arab Mix.,’

The refinery now produces only a single grade of hydrotreated kerosene

which meets the very. low sulfur specification for illuminating

kerosene, in spite of the fact~that this accounts:for only 20 percent of;

the total kerosene demand The result is.thatkjet fuel (which hastaf

higher sulfur spec and which accounts for,the;other 80 percent~of
kerosene demand) is over—refined" and there is a considerable
giveaway “of lower sulfur content material : The Merox proposal will

correct this situation and will reduce total refining costs.

One possible concern with the KPRL proposal is_the potential future«?fﬂ

'growth in the demand for illuminating kerosene hich, accorhfng toxour‘

1983 study, could account fofyup to 28 percent:”fvtotal kerosene demand

by 1995 (in Kenya and the contiguous markets) or 26 percent of totawiT

Kenya - only demand (see ADL's March 1983 report Tables I-8 and I—17)

iThe Merox unit forms an integral and essential part of the total KPRL

fall kerosene must be treated (sweetened) ‘efore;sale, the lost treating

;capacity has to be replaced*by installing;newukerosene treating
‘facilities. At the same time, provided the Merox is'of sufficiently"
large: capacity, it will be possible to:release’the existing kerosene HDS.

unic in somplex LL ror LGU treating:(see below).
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b.  Elimination of Obsolete Unit

It is. understood from KPRL that operation of the (obsolete)

' kerosene-minus hydrotreater and associated "three product tower" inv~n&f

Complex I has always been unsatisfactory. and the proposed conversion,of

this unit to a naphtha-minus operation (similar to the newer CompleAiII)

, would be a beneficial change.; Although not finally decided at thejtime'

(March 1984) of ADL 8 most recent visit to‘Mombasa it is possible tﬂ.t
the Complex I hydrotreater may be shut down entirely and replaced by the
‘more satisfactory Complex II unit. KPRL estimated that the Complex II

naphtha minus hydrotreating unit might have to operate at 140 percent of

design capacity. It is noted, however, that in the formal Board Paper,

,the Complex II HDS Unit is proposed to be shut down 11A1though wecraised

this issue witthPRL by telex, no response has ”et _iydlw'hi ved While

'this issue may only be resolved once.theydetailed'engineering studywof

'the revamp is undertaken,‘we urge that units which might ultimatel
prove valuable in meeting longer term demand (possibly when running aqf

‘heavier crude slate) should not be prematurely scrapped

c;7¢ilmproved‘ACO~field?1

ﬁstudies.

?Yield data for the KPRL refinery is normalletaken@from‘the "Momba

Refinery Data. Book."'aqcopy o-_which was. made‘available to ADL : SIPM‘

A\ Arthur D. Little, Inc.



have indicated that{ainew edition based

"[a computer-based simulation

'_of the refinery and the resulting crude oil”yields will soon be issued‘

'This data book. which is as much a ,mmercial as a technical docum {
‘provides deemed product yields for various crude oils and for several

processing alternatives. In view,of the 1arge demand for kerosene and;

the relatively low demand for motor;gasoline, especially in the

ey

Kenya—only market, the Data Book yields which should be considered ar‘:

_the so-called MIG/MAK (minimum gasoline and maximum kerosene)iyields.

.As an example, a copy of page 1 0030/of the Data Book, covering Arabian‘

'Light crude oil, is included as Table 1 of. this memorandum.

The yields of LGO given in the Data Book refer to material with

yield of LGO is determined not by sulfur content;but by thevASTMv90
percent recovery temperature, currently 365 C max. and by ASTM
end-point, currently 400 C max.f For other. higher-sulfur crudes, such
as Arab Light. the yield of LGO is severely restricted by sulfur ‘}B7
content. However, provided that adequate desulfurization (i e. HDS)
'capacity is available, the yield of LGO can be dramatically increased up
‘fto the limit set by the 90 percent point and by the end-point.; For Arab
'TLight LGO, the increase is from 11.0 percent to 18 1 percent on crude

';oil as shown in Table (page 1.130 of the Data Book )

A\ Arthur D. Little, Inc. 5
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TABLE 1

GRURE .

APABIAN LIGHT CRUDE OIL
SPECIFIC GRAVITY 20/4a%C : 0,853
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~ Heavy Basoil

 Long Residie

Yield % W
Gas’ 1 0.6
Butane 1 0.9
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TABLE 2

Ai: low throughpu ts Compiex 11 Kerosens Hydrotreater can be used to dasulphurise gasoil

1n admtmn to treating Kerosene, The gasm.l desulphurised allows: upgrad:.ng of heavy

ga:.011 to Automotive Gasoil. At ngh Inh_ke this upgrading is n11 At Low Intake

U] ‘apir ‘g Inyuy

t:he f‘ollowing heavy ga:oil (% we:tght o",, g.n_-cc.) c.on be upgraded to- Au..cmotive Gasoil. 3

% oweer | ~ CRWE oI RS D

" Iranian Light 6.0 . Arabian’ Mcgium 1 6.2
_Iranian Medium Kusait 1 es

 Arabian Light
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™
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sparehcapacity f r*treating LGO only becomes available at low crude

bintakes to the refinery (as noted at the top of page 1 130)"“

"Arabian Light crude 'lowpvefinery intake means below 7 OOO‘MI‘SD or'

>l2 345 million tons -per. year.

A significant advantage of the proposed_KPRL scheme' is- that the Merox'

unit' anvtreat most, if not all of th ftotah}ker

crude being run), and thus the Complex II HDS uni wil.

the treatment of LGO thus increasing the yield of AGO
entire existing Complex II HDS capacity (in the order of”800‘MT/SD)f
would be available for treating full-range LGO derivem”:ig_fffﬂigﬂnﬂl'

part of the crude oil mix.

If the modified refinery has to treat heavier crudes. such as a 25

percent Murban/75 percent ArabLMix‘ some of the existing Complex II HDS
capacity would have to be used.to make illuminating grade kerosene '

:(assumed to be 20 percent of the total demand) Thiscin:turn,vouldqgf

?reduce the effective yield of AGO‘fnypical data, as estimated by ADL‘

xfor Arab Mix alone and for a 25 percent Murban b end, are shown»in?

'd." . Capacity of Existing HDS Unit

*<The maximum capacities of the Complex II HDS unit (as given to ADL in

leeptember 1982) are 800 MT/SD for kerosene and 500 MT/SD for LGO

However. in our discussions in March 1984 SIPM;indicated that»a.test

/hArthurD.Little,Inc.‘ - 8 I 9,



TABLE 3

KPRI PROPOSAL
RESULTS OF OPERATION ON YEAVIER CRUDES

"3 ‘O] @ Inyuy Y

- Arab Mix , 252 Murban/75% Arab Hix.
- X Wt Max Throughput P ‘ "X Wt Max Throughput Reduced Throughrut
' MT/SD ZWt  MT/SD - Z Wt T "MT/SD % Wt MI/SD Z Wt

Crude 01l 10000 8700 1750 7410

(IOSMT/Yr) (3350) - (2915) ~1266) (2486)
Total Rero | 17.89 ) 1789 1556 19, 14(2)55?1864 1418
Kero tc WDS Unjt 3.58 358 +311. - 1. 91777 186 142
LGO (Light, 1%S) 11.03 1103 960 714'31 1395 1062
LGO (Hvy, 1%S) 9.74 974 847 7i300 71z 542

Total LGO 20.77. 2077 1807 21,61 2107 1604
HDS, Kero @~ - 358" 311 e “186 142
HDS, LGO (Hvy) - . 6y 442 ~489- =614 - 542
HDS, Total Capacityzkijbiz . 800 :}§ij 800 . 684
Kero-Jet Fu?£(3) | 1431 1245 1492 1134
Kero-I1llum: | 358 311 372 284
Kero-Total - 1789 1556. 1864 1418
AGO-Total (1zs)(5) 1545 15.45 16,66 2609 20.61 1604 - 21.61
LGO to Fuel 011 532 - .5.32 358 4.11- 98 1.01 _nil -—

Total LGO 2077  20.77 1807.  20.77.- 2107 21.61 1605  21.61

Notes:
(1) Assumed that all Illuminating Kerosene must be HDS treated to O. lSZS. Balance toMHerox.'f;f="”

(2) Assumed only half the Illuminating Kerosene must be HDS treated to 0 lSZS.
(3) Jet fuel is 80% of total kerosene. : .

(4) Illuminating Kerosene 1s 20% of total. . ‘ o
(5) Meets ASTM Dist. Spec. for AGO but no spare HDS capacity available..,
(6) HDS (existing) capacity assumed 800 MT/SD for kero and LGO



A\ Arthur D. Little, Inc. 10

fﬂfﬁﬁydathiéfunité;¢hérsihs;#?mii9§t¢{ofqup;aﬁggtgfiﬁgry;sioﬁs (sulfur*'

- content 1,7 percent) was' successfully treated’(to 0.7 percent sulfur) at’
a rate of 1100 MI/SD. 'As a result SIPM now suggest using:.1,000 MT/SD as.

the LGO capacity of the unit.  However, to be conservative, we have:used

800 MT/SD max for both kerosene and LGO as the basis for the

.calculations in Table 3.

e. . Improved Fractionationfj

SIPM believe that if the KPRL Proposal is implemented the yield of LGO
(meeting AGO specs for ASTM 90 percent point and/or for cloud point)
will be increased ‘due to improved fractionation, by an estimated 3
percent weight on crude oil, over and above the yiélds given under Low
Intake in the :Data Book plus the additional.yields' given oh:nagé«I;rso;
as’ discussed above.r Furthermore, they believe that this additional
yield of LGO will be obtained up to the (somewhat reduced) maximum
capacity of the modified refinery. For a 50 percent Murban slate. the
maximum ‘refinery capacity will be reduced from’'10,500 MT/SD (as in the
Data Book with the present configuration of two’CDUs running in
'parallel) -to. 9 500 MT/SD (for the proposed KPRL:-scheme with the two CDUs

-running in series)

In September 1982, ADL was advised that'debottlenscking of the CDUs had
been studied by :S51PM-and that:'a detailed’ revamp:scheme was :to be . = -

implemented in the%near.fufure?(as;noeeaﬁaﬁvpageirr:afof»Abtré~Mafcﬁf

'1983 report) ADL was advised that the Low Intake vields in the Data“-

Book could be assumed to apply up to:the maximum refinery input, and" .


http:Proposal,.is

-'that the yield of LGO meeting revised AGO specs could be increased

' somewhat above the figures hown*on page 1 130 of the Data*Book

»provided that adequate LGO HDS'treating capacity was made available. -

'The net result was that the actual yields used by ADLHin the'MarchJ 983

study were somewhat above the new yields now clai mfor_the proposed

sKPRL scheme. A comparison is shown in Table 4 for Arab Mix crude.

Table 4 also shows that an extremely poorvyield (only 12 Sjpercenm”__ o

weight) of LGO meeting the 1 percent sulfur spec is obt“iﬁe, vi.the High’

Intake rate from the existing CDU configuration.. At this High Intake

rate, no surplus capacity for treating LGO is available:on’phe Complex

' II HDS unit. The improvement in LGO yield when processing Arab Mix with,

the new KPRL configuration at correspondingamaximum refinery capacities f

ﬂwas shown in Table 3 as’ 15 45 percent;weight{ ersus 11;03‘percent

_weighty

' The maximum yields of :LGO: meeting the»AGO sulfur spec of,l 0 percent -

"weight max can be,summarize Aas fol,ows based_on Table 33

. _Yield of AGO on Crudes (% Weight) -

100 % Arab Mix. 25% Murban/75Z Arab Mix

. Max Refinery Capacity 15,45 2061
*.:1990 Demand," Kenya Only: 116,66 21,61
A\ Arthur D. Little, Inc. 11
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TABLE 4
AGO YIELDS FROM CDU'S
Arab Mix Crude Slate)

Data Book - .MVADﬂf ’  'KPRLM :
High Low (4) "~ Report - Proposal
Intake Intake" “ (1983) (1984) -
(Zwt) Zwt) .'%Zwt) C(Awt)
Product ) , : S S
Naphtha Minus (Min) . 14.7 13.3. 1 13.3 13.3
Kerosene (Max) 15,5  17.9  '17.9
Light Gasoil IR | ‘
a) To 1% S 12,5
b) Additional yield if .f~-;>
run at 907 ASTM* -
¢) Improved Fract.: DL e
Total LGO 12,5
Heavy Gasoil ‘i19?2}
" Long Residue "fbéfff
 Total 100.0°
Noﬁes;;~

(1) Estimate supplied by Asst. Manager Technical Dept. at KPRL refinery
to ADL. representatives in Sept. 1982 in Mombasa. Figure takes .
account of a then-proposed CDU debottlenecking (which was' never
made). Limits 90% at 365°C, EP 400°C. .

(2) From KPRL Data Book, Page 1.130,
(3) Estimated figure by SIPM given to ADL represénﬁétiﬁe iﬁfﬂatdﬁfi§§4f
in The Hague. Takes into account proposed CDU modification’(towers

in series, etc.)

(4) Below 7000 MT/SD = 2345 X 10° MT/Yr.

%907 ASTM svec 1s 365° max. -

12
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- Thé variation'of yield with refinery capacity is particularly noticeable

This is because the full capacity

: throughput.

: is available for treating LGO since illuminatinngerosene an‘be madb,y

directly from segregated Murban crude.,i

£, Summary

The KPRL scheme results in higher yields of specification LGO than the 3’
present refinery configuration, especially when running lighter crudes.
. When processing heavier crudes the improvement is less significant.;l

However, as with the‘present configuration, At will be uneconomic to )

process crude sl"t”'

configuration _thout installing conversion capacity such as a thermal

cracker and additional LGO HDS,capacityf

Ve believe»itiiq,reason‘bl”’tO,e pect :

kweight yield of SPeCificati°r 16O on_'_rude can ctually be achievedv&Y,

A\ Arthur D. Little, Inc. 13 )7



“The number ‘of trays involved is more or less doubled by
‘fractionation..

The second tover 1s aparated under some vacuum which raduces

. ~the required operating temperature.’

Finally, while vapor loading is reduced, the vacuum operation *ill‘

increase vapor velocity. Operation at reduced maximum refiner capacity{

will assist and we recommend that modifications to. the two hea“**r

to the crude pre-heat trains must be considered These issues hould. be

considered in the detailed engineering studies which are the first»stage

in thetimplementatiOn of.thisiproject.

~ One: advantage of the KPRL- scheme is that all kerosene»will he obtained

-_remoVed In fact, total sulfur recoveryimay besomewhat increasedl‘ue

to higher yield of specification LGOninnthe KPRL scheme

A\ Arthur D, Little, Inc. i ,Cé
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2. .'Reduction in Maximum Refineryfcapacitynf

: An apparent disadvantage of the KPRL modification pro osal isxthat it

fwill somewhat reduce the maximum volume of crude oilkthat the'refinery K

can process. However,‘this issue is less important than that of running

the refinery in an economic manner since assuming the marketing

companies will make lighter crudes available at attractive price

differentials compared to heavier crudes, then the~KPRL modification

will pay off in terms of lower cost andbfore efficient operation andﬁ

'will nrovide hizher vields of middle ‘dis

is to be supplied however, imports of 45"000 MT/yea_ ongGO would bex'

required (as shown in Table C-3)

«In 1995 total product demand fOWTKenyaLandpthe contiguous ‘markets is ihk

:Jonly 2 48 million to

‘?general,_be uneconomicito process more than say 3 1 or 3 2 million tons

igper year of crude oil which might result in between 500'000'017600'000 .

ftons per year of surplus fuel oi1 for export. When processing 50/50

fmix of light and heavy crudes, this maximum crude throughpu;,wou‘dc'ot'

fbe exceeded However,ﬁheavier crude slate sucp_asf25 percent Murban/75

“conversion facilities such as a thermal cracker.’

A\ Arthur D. Little, Inc. | 15
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~(The critical issue‘i””th ”longerf'erm‘flanning of KPRL's operations isﬂ

;therefore the availability andbrelative:prices of the light and hea' :

‘Middle Eastvcrudes/and;the future evolution of refined product‘pricesgg

particularly middle distillates and heavy fuel oil. This isvv‘f .

addressed further in Section D of this memorandum.;»k

3. Compatability of KPRL Modification With Eventual Installation of aﬁ{

Thermal Cracker

An important technical questionmis whether the KPRL scheme is fully“f*t'

compatible with operating th refinery on Arab Mix or similar crude and

installing the necessary thermal'cracking and HDS units should thisfbff

considered economib‘in the future. ADL has considered this and

concludes that the proposed KPRL scheme combined~with althermal cracker

would represent a slight improvement on the Option 3Aﬂmodification_

operating efficiency. A Merox unit was' not - included;ianDL's'Option 3A
since at the time only a: single grade ofﬁkero en, oftlow sulfur contenti
was being considered The assumption that two grades of kerosene (one
of higher sulfur content) can'bevmarketed has only been recently ;

proposed (and apparently accepted) by the marketing companies Since '

'this is an essential feature of"the PRL proposal, it is critical that)

, the Ministry verify its acceptability to thm‘marketing companies and

A\ Arthur D. Little, Inc. 16



,ADL 8 0ption 3A was based on the assumption discussed above that the

CDU s would be debottleneﬁk' “mprove yields of specification‘LGO

This has not been done and thuswthe yields used in ADL 8 evaluationuhf

Option 3A were optimistic.; To some extent, of course, poor yiel
vthe CDU can be corrected in the thermal cracker although this would

involve installing a: 1arger TGU unit in most cases.;

The KPRL scheme is considered to be compatible with op"” ting the.

refinery on Arab Mix or similar crudesﬁ n installing the necehlary

thermal cracker and HDS units.k Ther is‘reason;to believe, however.‘

that the thermal cracker capacity should be‘somewhat increased, as

compared with ADL s Option 3A by including excess HGO (over IDO

requirements) ‘and also the VGO from the bitumen plant in the feed to the

thermal cracker.f Some reduction in total fuel oili(and thus of surplus

fuel oil for export) should result., The limit is set by fuel oi
viscosity and the availability of suitable cutter stock Refinery kuel
should then be the bottoms from the thermal cracker._ It is felt a Hfj

result of recent calculations that if a thermal cracker is installed in

fconjunction with the KPRL scheme. it would be possible*to‘reduce crude ﬂ

A\ Arthur D. Little, Inc. 17
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percent this reducing estimated hydrogen utilization from 80 percent' ~ -

(for Option' 3) to pertsps 65 percént (ses page TI-2L of ADL's Mareh

1983 report) This reduction is unlikely to‘be sufficient*toxeliminatef;

the need for the package hydrogen plant'recommended for,Option;3A;cbutﬁi

blfurther study is required

4. Technical Conclusion .

we recommend to the Ministry that the detailed design of: the’KPRL'V

proposal should be based on the understanding that the proposa

represents Phase 1 of a two-phase modification of the refin ﬁi’ﬁﬂiﬁ-i

expected to eventually have to run heavier crudes.‘ Phase'II,willf\

crude should determine if any bottlenecks would”'

‘slate were used A lighter crude slate might be between 50 and 80

_1percent Murban-type, light Middle Eastern crude with-the balance Arab _fi

X,Light Mix type crude. The most difficult issuefrclating to the design

1}study is that of the level of demand and the capacity of the new units..

LWe recommend that the design basis should not be restricted to 1990 and

IEKenya only demand but rather that it should‘we based on 1995 and Kenya ;

iplus contiguou nmarket demand The Government‘must}ensure.that"he L

‘refinery‘meets‘ emand, n»its’naturalzmarkets (ire. thosewf.”-jbl

A\ Arthur D. Little, Inc. 18
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Mombasa is th ”logical lowestg'ost supply’so"fce)ﬁg The design should

also take into accoun:ithe"ventual installation of a thermal cracker

1995 period
Thus, the design of the Phase I modification should take into account;
irrespective of the short to medium term crude slate, the eventual
necessity of installing a thermal cracker and additional HDS facilities

and of running a heavier crude slate.,

, This recommendation will affect primarily the revamp of the CDUs,
including heat recovery. fired heaters,:tray loadings, etc.& Inf}.
addition, the Merox unit should be sized at a sufficiently high capacity

for the~heavierycrude.slate.

We do not believe that. this design basis?for’theﬁKPRL"modification will

result in a significantlv higher initialscanital cost-ﬂkﬂnwevpr- 1F rhp

detailed study indicates that such*a' esign basis would result in a
,substantial increase in capital cost then‘a careful review of market
conditions should be undertaken prior to a final decision, so as to

ensure that ‘the chosen design basis is in the national interest

C. MATERTAL BALANCES

‘Material balances were developed for 56 different’ scenarios and were
~used’as the basis for the economic:analysis:to:compute the net'costs of
fsupplying the Kenya market. The material balances?included four crude
“slates and six process options including a no* investment ontion.-

~Material“balancesfverefdevelopedﬂforfbaﬁh?thefl?ﬁqﬁéhgﬂ;gg;ﬂ?iaduggf

A\ Arthur D. Little, Inc. 19 }9
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demands: for both: the Kenya . only market:and the Kenya plus contiguous .
markets. A ‘summary of all:56 scenarios: considered is given in:Table 5
The material balances. (iie., oil import and export requirements) which
were developed for all thé scenarios are showa in tabular form in '
Appendix A, The assumed maximum refinery capacity is also shown in

Appendix A.-

Figures.l, 2 and 3 show'a comparison of the material balances for:
selected cases in graphical form. '(For ‘simplicity, the LPG deficiency
has not been shown on the graphs; refer to Appendix C for actual‘data.)
Figure | shows the 1990 Kenya only market which is the smallest demand
case considered, and Figure 2 shows the 1995 Kenya plus contiguous

markets which was the largest: demand case: considered. ‘Figures.l and .2

only compare the no investment option with5th?i 'RL*Lrojvzt-‘pti‘”"H?ﬁ

Figure 3 shows the impact of five different‘ rocess’ options for a 254

Murban crude slate for the largestnproduct‘demand;caseg(Kenya plus

contiguous markets in 1995).

A\ Arthur D. Little, Inc. 20 % l/
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 SCENARTOS USED FOR ECONOMIC ANALYSIS

95% Murban o 50% Murban . -5251 Murban - Arab Mix:

No Investment No Investment: \No Inv st:ment:
Kenya only market: h

1990 & 1995% ‘

Kenya plus contiguous: ;

1990 & 1995* '

KPRL Project KPRL Project: ‘KPRL'Project:
“ADL Phase 1 ADL Phase 1
HDS iny‘_- i;' HDS Only _
7f7ADL Phase 2 ~ ADL Phase 2, HDS

'HDS + Thermal -+ Thermal"
Cracking Unit + Cracking Unit +

H2 Plant H2 Plant
'KPRL "+ HDS KPRL + HDS  KPRL + HDS
, (No Merox) (No Merox) (No Merox)

" KPRL + Thermal
- Cracking Unit +
HDS_+ H2 Plant

* Similar for all scenarios

21
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CUMPAKLS5UN UF KENYA PLUS CONTICUOUS MHARKETS
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LUUNCARLIDUN Ur ABRNIA PLUS CUNTIGUUUS MARKETS
1995 MATERIAL BALANCES FOR FIVE OPTIONS WITH 25% MURBAN CRUDE SLATE
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: with no investment., 333" MMT/Yr ‘less: crude: will be required ‘to: meet

'._:gain Comparing_ hevlightest

-1995 material balances for both the no in; stment case. and the KPRL
modification option for Kenya plus contiguous market demand In the six
scenarios shown. AGO must be imported because the crude unit is unable
to run enough crude to meet white product demand. The KPRL option again,
reduces the crude oil import requirements and hence the surplus fuel oil
exports over the"no investment case. AlsoﬁdGQgimports will be;lesst

under the KPRL option

Figure 3 compares the 1995 material balances for five different process
options assuming a 25% Murban crude slate and Kenya plus contiguous
market demand The no investment case requires the most crude oil and

| also the largest volume of surplus fuel oil for export._ The KPRL opt‘on‘

iiwill reduce the volume of crude oil imports and surplus fuel oil '

igexports' it will slightly reduce the volume o‘;imported AGO and will
':eliminate the surplus motor gasoline.{ The Phase 1 option studied by ADL

hdoes not change the current crude unit configuration, but adds an HDS 5

_funit for LGO Under this option, the volumes of crude oil importsitnd i

ihsurplus fuel“oil’exports arefhigher than in the KPRL option bu“AGO

/A Arthur D. Little, Inc.



sufﬁiﬁs”fu¢1€Sii)'ié”Abt1sarﬁasefszﬁtiéﬁjﬁhi;hfiﬁciuaes an,ﬂDSJunitgi#‘f

reduces crude oil imports to 3 038 thousand tons per' ear and eliminatesi

the need for AGO imports;] This option a180gincludes sulfurkproduc'iox*"‘

Fuel oil exports ‘are significantly reduced to 344 thousand tons per yearf

because the cracker converts ‘a significant portion of the fuel oil intopi

saleable middle distillates.

The KPRL project with an HDS unit (instead of a Merox unit)*shows ai

with an HDS unit, but the ADL Phase;l optioﬂ
'AGO but does have higher fuel oil exports.‘ The_ma ‘diffé£énéé°sécﬁééﬁT"
ADL's Phase 1 option and the KPRL plus HDS option is ‘that the KPRL

project assumes the crude units will be run in series which will improvev

fractionation‘efficiency.;

The KPRL process option with the Merox ‘unit: would allow the refinerf“to

more effectively me amand- in_1990 than the h

:” only marke
‘investment option;ibut the situation becomes”much more constrained by
"1995 particularly if the retinery must meet demand in Kenya and the :;-‘

vcontiguous markets.v Imports of AGO would be required to meet product

A\ Arthur D. Little, Inc.
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it converts some of‘the excess fuel oil into lighter ‘products, thus .

significeitly tmproving the refinery's matérial balance:

.D... “ECONOMIC ANALYSIS:

This section presents-an economic:analvsis of the alternative
modification options to show how each.option compares with:base 'cases
involving ‘either refinery shut-down and ‘product imports ‘or no’further
investment in the refinery. . Importantly, we have distinguished: between
the incremental benefits resulting from each element of the investmént.

alternatives.

This:section;ijthegmemorandum’teport*fifSt_htdyi&éé?detailégqfitheﬁJjd’
assumptions made, then presents the:results of:the'economic analysis and.
- finally provides overall' conclusions regarding KPRL's Proposal for. ' '

modification-of the refinery.

1. Assumptions

The economic analysis'has been 'made using alternative sets of prices’

presented in’ Table'b (in 1983 §/metric.tons) as follows:

‘Spot prices as reported by Plate's’ Oilgran'for April 2, 1984
‘\wnen tnis analysis:was originally made). ' The crude prices "
used are for ‘Arab Light cride o1l fob"the Arablan Gulf}

'$28.40/Bb1 and for Abu Dhabi Mirban, $28.70/Bbl.

A\ Arthur D. Little, Inc. 27, 47'
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LPG

Mogas -

Kero

AGO

HSFO .

HSFO

TABLE 6

1990 PRODUCT PRICE ASSUMPTIONS

(1983 $/Metric Ton)

;.ASpot

H(Platt's o '
Oilgram March 1984 Fall 1983 Low Price
4/2/84) Forecast Forecast Differentials
(FOB Arab (FOB Arab (CIF Mombasa) (FOB Arab Gulf)
Gulf) Gulf) | o
245.00 153. 70 '464.60u 168.00
274 00 :245 95 316.80 198,90
285 oof, ‘241 95 i306 7o_ 26,00
220 10
f138 95 ;

141, 90(r

(“/508 Houbasa”

A\ Arthur D. Little, Inc. | .28



gOﬁi:ﬂThe pricevforecast”d veloped by~ADL‘in the Fall 1983 and

}presented to:the overnment inmour:February 1984 meetings -

v ‘30 30/Bbl and Murban $31 90/Bbl (fob the

o, A revised 1990 forecast which reflects ADL'S March 1984

}forecast'--?Arab Light. - $24.00/Bb1 and ‘Murban $25.45/Bbl (fob *

;the Arabian Gulf)

‘;ohia;A new. set ot 1990 prices with very low dirrerentials between '

5light and heavy products and between the light and heavy

(Middle‘Eastern‘crudes (Arab Light;$24 00/Bb1 and Murba

f$24 25/Bbl)wf;This case has been?prepared to approximate

. recast, . rtunat, r'discussions wit N
fShell in(London on March 23 (and subsequently by telephone)

’did not permit us to confirm whether these results reflect

;those actually used by Shell (and KPRL s management) since‘fif

;they declined to provide us with specific price data.‘ Shell‘);

;has' onfirmed'fhowever, that it believes there will bu'muc

;lower differentials between light and heavy crude ‘0il prices;’

ﬁblsot&by implication) much‘lower produc ;price;«

:differentials.A In fact, Shell sees'little“chance Lhat

relative crude prices will change from today's:levels.:  These
pricing issues are of fundamental. importance to’ the. economics
of secondary processing At oubasaand ve shall return o thim
later. . In:any event, 'this final price set is an attempt to..

sinulate Shell's prices.’

A Arthur D. Little, Inc. 29
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'In our March 1983”report ‘and" ubsequent.update studies, we haveralso

the two sets of market conditions.

We understand that SIPM used a refinery linéar programming optimization
modelfih»theirfanalyéié“bf:KPkLf576§ti§ﬁéfﬁahéftﬁ;tftﬁéfﬁéaéiftﬁﬁaﬁééf

which products to-supply to these contiguous markets and in what'

volumes. While we agree that in the:best .of all:possible worlds this is

how KPRL would be run, we 'must express.some:concern that in practical -

terms, this degree of exactitude in planning may not.be particularly

helpful, either regarding the market demand which can‘or should be met -

by the refinery, or regarding the refinery's crude’oil diet.  We have -

thus'preferred to use some .selected cases in which'the contiguous market

demand must either be met, orinot,: in:this way hopingito better:portray

the reality of Mombasa operatioms.’

2. Economic Results

Detailed results are provided in terms of the net.oil costs to.meet::

market demand and the implied-gross refinery margins under the four sets
-of price assumptions and for the 56 scenarios described in Section 'C:. i
above, in Appendix Table D-1 to 'D-5. " Tables 7 and 8 summarize some of: .

‘these results. for Kenya only and for Kenya plus the contiguous markets;

+focusing on the incremental benefits: of the KPRL:pronosal and the late.

addition of a thermal cracker.

A\ Arthur D. Little, Inc. 30
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TABLE 7

TOTAL COST OF OIL TO KENYA IN 1990

(Million 1983 §)

High : Medium Very Low . .

o : Price Price Price .

~"Spot- Prices Differentials Differentials Differentials

(April' 2, 1984) (ADL's Fall 1983 (ADL's March 1984 S
S Forecast) Forecast) '

::Productflﬁﬁ§ft§?5 440 488 390 ‘370

. No inveStméﬁtﬁ T . , v o
(50% Murban/SOZfA;éb;Mix); 435" 477 385 .- <362

KPRL proposall SR : S R S S
(50% Murban/50% Arab Mix). 420 462 370 352

~ KPRL proposaliffTCﬁmf¢, S I S .
(1007 Avab Mix) 4069 3 350 ‘347

Incremental Saviuge:

1 o5 8

KPRL;ﬁfdpoéﬁlgbﬁg 15 10

(PRL + TOU over KFRL proposs

KPRL-+:TGU over. Product ‘Imports 49 40° 23

*TGU - Thernal Gasoil Unit (Shell terminology) or Thermal Cracker
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(42

A

5,Prodoct'Importsﬁ

" No investment

(50% Murban/SOZ”Arab Mix)

KPRL proposal

- (50% Murban/SOZ“Arab Mix)

_eKPRL proposal + TGU*
- (100% Arab Mix)”

;fIncremental Savings

E}No‘investment over’ Product Impo
TéKPRL proposal over No Investmenv:
’VKPRL + TGU over KPRL proposal ke

KPR + 160 over Product Tmports 36

TABLE 8

~'TOTAL COST OF OIL TO KENYA AND CONTIGUOUS MARKETS IN 1990

(Million 1983 §)

High Medium Very Low
o , Price Price - . ~Price - .
vspot*Prices Differentials Differentials Differentials
(April 2, 1984) (ADL's Fall 1983 (ADL's March 1984
SR Forecast) Forecast)

555 616 494 465

519 557 w0

{13‘

;f25

. *TGU - Thermal Gasoil Unit '(Shell terminology) or Thermal Cracker



Considering first Table 7 and the early Aprilispot prices, our analysis

‘million (constant’ 983$) Thus be,ore_ educting investment return and

operating costs, it would be preferablelto"run the refinery to meet

Kenyan demand. When these costs are deducted, a negative net margin for
refining versus product imports will result thus indicating that the

refinery should be shut-down on: purely economic grounds.; A further5$15

million benefit results from installing‘th ‘KPRL project and a. furthern

.$11 million from installing the thermal cracker compared to th AKPR

proposal. ;.Thus of the total benefit of $31 million (KPRL’and G

versus Product Imports) $5 million should be attributed to aving the |

refinery. $15 million to installing the KPRL proposal and $11 million o

the thermal cracker benefit. Thus almost half of th"ibenefits of the

TGU installati ntcan be achieved with the KPRL'nronosal.

it can. also»be'seen that the benefits attributed to the KPRL proposal

_ross‘a,wide rang'xof price assumptions ($10-15 million) and

4By contrast the incremental benefits provided by

vthe'th rmal racker are volatile and range between $5 million and $23

amillion,\depending upon the price assumption used iith a required

investment of about $140 million (expressed invin antaneous 1983$), a
'12 5% return on Average Capital Employed, and higher operating costs,
' the refinery would require incremental revenues (or annual capital

"charge) of the order of $28 million per year to be .an attractive

Only in the high price differential case, do the- benefits

iﬁapproachfthisvrevel”

/A Arthur D. Little, Inc. i3
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16 the retinery aluo aipplies che contigious markets (Tble 8) che
‘benefits of ‘the KPRL proposal will increase by roughly 30%' (to.$13-20
million) but incremental benefits of the thermal cracker in’most .quas‘éé‘
will remain below the". $28 million (annual capital charge) break-even

'level.

K kong il aialyots s e s’ £ o1y ok o it
charge concept ‘enables us to consider the lifetime’ economic;conditions::
reqaired'to sapbortvthe*investment};7Itfis?clear?thatfmediﬁm}orfhiéhfﬁf

price differentials will be required to support a thermal cracker on an-

incremental basis., It is also clear that in a price crisis,asucuwas ‘

course, it must also be remembered that as the material balance S
continues to deteriorate over time, then the economics of fuel.oil4w
upgrading will improve.‘ This impact is not reflected in the one year

analysis presented in this memorandum report.ni

'3;‘376§é£51iléah£1uéions RegardinéinRl's:PrObosal”foraModificationv

‘Substantial savings .can be achieved by implementing KPRL's proposal if

;tne rerinery 1s to be Kept running. ADL s analysis shows that the

A\ Arthur D. Little, Inc. 34 77%



estimated investment of about $16 million (in money of the day)* can be ;

paid out in slightly more than one yea .ivHowever, whe“ com:ared with

product imports, the gross refinery margins are below existing

processing revenues including operating expenses, depreciation and?
profits. and therefore will be insufficient toﬁrecover’the”new :

investment needed to combine the two distillation ‘and to install a

Kero-Merox unit.. Thus. as has already been recognized‘ithe refiner 1

not economic, if the processing fee is.q intainedga
The use of the Mombasa refinery to supply the contiguous markets will
improve this situation provided the processing fee charged to the
ma'keting companies supplying these countries is above the refinery s

variable costs and provided that incremental surplus fuel oil can be L

disposed of at reasonable price levels,?orzthatﬁsuch markets are
prepared ‘to pay the higher prices for white products which: are required '

to cover crude oil and processing costs.

In summary; based on’ this one year analysis, KPRL's proposal is’"
certainly justified provided the Government decides to:keep ‘the refinery

open.: Nevertheless, rapidly increasing middle distillate demand will'

1*It must be recognized that this is only a very preliminary estimate of

the required investment. yf

A\ Arthur D. Little, Inc. 35



create increasing volumes of surplusifuel oi> for export and we believep,

rthat it is like: “"'continue‘t

most carefully review'the;implementation of a thermaltcracker,'which:is

the only effective way of resolving the fundamental imbalance problem.,gh

Our technical review of KPRL's proposal clearly dem‘nstrates that*th'”'“‘

combining of the two existing crude distillation units”(and\the -‘additio

of a Kero-Merox unit) can readily' e fol .owed by the installatio of-a.

world oil prices.

A major concern is that the industry haslwhown

are again likely to increase (particularly if crude prices stabilize)

and the timing of the installation'of further investment at Mombasa will

‘be critical if exposure to very hig‘yproduct prices is to be avoided
We understand however, the reluctance now expressed by the industry

“shareholders but believe the Government must continue to insist on a

fcommitment to review the thermal cracker again by late 1985/ear1‘ 1986

;at the latest./ By this time, the influence of new Mid-East refinedi

’product exports on the world market and prices will be clearer and at

fleast some of the current uncertainty may have been resolved.

A\ Arthur D. Little, Inc. 36 \/m
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TABLE 'C-1

. REFINERY MAXIMUM CAPACITY (MM TONNE/YR)

| | NO INVESTMENT _ KPRL
CRUDE SLATE HAXIMUM(B) cur_pornr¢ f,jﬁli'ﬁAiiﬁﬁn”’
952 Murban 3 182 2,345 “°”t3 010(2) (5)
507 Murban 3, 518‘ 2,345 3, 182(1)
25 Murban 3 718; 2,345 3, 266(2)
Araﬁinix - 3 920? ié;ﬁéﬁQ 3 350(2)
(1

(2)
(3)

(4)

) .

Supplied by KPRL and assumed to be maximum throughput.v
'Eetimated by ADL

Data from KPRL Data Book’ (for "High Intake" operation)

-Cut-point (capacity) between "Low Intake" and "High Intake":
-in Data Book.

‘Original data supplied by KPRL was 2480, but this seemed out
of line with other data.

A\ Arthur D. Little, Inc. 38 W ?}
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0 Results are slightly better than original ADL 3A material

TABLE C-2

1990 MATERTAL
KENYA PLUS MARKET - L

BALANCES (MM _TONNES/YR)

ARAB

S o5zl osz!  soz sox i a5z a5z 251546 gopf 252 AraB'® apaB 25z - sox
CRUDE SLATE: ___ MURBAN  MURBAN MURBAN  MURBAN _ MURBAN MURBAN _MURBAN MURBAN _ MIX _ MURBAN  MIX  WiX  MO-oey - _MURBAN
ADL ADL  KPRL ‘
PHASE 2 PHASE 2 OPTION + Lon e
L o . - .- .. ADL ADL MDS + HDS + TGU + KPRL + KPRL + KPRL +
L KPRL . NO . KPRL . ' NO  KPRL PHASE 1 PHASE1 TCU+  TCU + HDS + HDS (NO HDS (NO . HDS (NO
OPTION: - - PROJECT INVESTHENT PROJECT INVESTMENT PROJECT HDS ONLY HDS ONLY H, PLANT H PLANT H, PLANT _MEROX)

Crude 011"“ . oo

MEROX) - MEROX).

3,282 2,922 ° 3,655 :3,126° 3,296 3,148 2,850 2,695° 2,800 3,350 3,097 2,921
AGO Import T . R s e - - - - 6 Co= e
Mogas Surplus 2 180 R R Y B - 8 5 - - - R A
Fuel 011 Exporx PR o6l T 1,277 L _:f819.21” 449 305 402 1,031- . 778 .. 610
LPG Deficiency R - S AR DR - - - - AU BUNCE AT B
Sulphur Prod. -" . ‘15 213: 18 - — -

XENYA ONLY MARKET '

Cirude 011
AGU Import

 ,?‘3oo:ifV

Moyas Surplus S70%
Fuel 011 Expor 404
LPG Deficiency 11

Sulphur Prod.

Cloud pt. problems are not expected by KPRL for the AGO for 95% Murban, although  KPRL lab is t

Facilities for Shell's SWIM Pour Pt. depressant are currently being installed for fuel oil.
"AGO Imports" may be partly "Kero Inputs".

LPG deficiencies may be corrected by proposed new improved C, recovery project.
Max. refinery throughput is same as for no inVestment cage since there 18 no charge to the CDU'
Yields are based on Data Book, "Low Intake" with LGO yleld limited by 90X ASTM temperature (365
The cut-point is capacity between "High" and "Low Intake" i8 2345 MM tonne/yr. Hence these cas
ADL study.

Figure slightly modified from original study.

Figure slightly modified from previous study to allow for "High Intake" yields.

balance due to improved CDU fractina
and improve lI2 balance, although not enough to eliminate H2 plant.

entihg.a cioud;ptf,dep:@gpan;ifryngsso.{@;

Ro data available.’

8. in this option. .
°C) and not by sulfur content, -
e(s) can use "Low Intake” which was agopted: in original

tion. Presence of merox unit will reduce operating cost
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1995 MATERTAL BATARCES (MM TONNES/YR) .
| KENYA PLUS MARKET SO R
R R 95z g5z sex 502 - asy 25% 251 50T ARAB 25T CARAB . ARAB 253 .- . 'sox: -
CRUDESLATE MURBAN - MURBAN - MURBAN . MURBAN __MURBAN  MURBAN MURBAN  MURBAN - MIX MURBAN MIX - MIX MURBAN MURBAN
' ' o ADL ADL  KPRL '
PHASE 2 PHASE 2 OPTION +
B . ) o ADL ADL HDS + HDS + TGU + KPRL + KPRL + KPRL +
e PP NG KPRL - NO KPRL NO KPRL PHASE I PHASE 1 TGU + TGU + HDS + HDS (NO HDS (NO NHDS (NO
OPTIQN: “'tfi'FEVFSTHBNT PROJECT INVEST’ENT PROJECT INVESTMENT PROJECT HDS ONLY HDS ONLY HE PLANT H! PLANT Hz PLANT MEROX) MEROX) MEROX)
Crude 041 .7 "~ 103,182 3,006 3,518 3,182 3,718 3,266 3,717 3,518 3,185 3,028 3,130 3,350 3,266 3,182
AGO Import ST IS - 75 " 45 125 117 - 18 - - - 186 101 45
Mogas Surplus S ] O .15 30 - 18 - 18 29 - 10 - - - -
Fuel 011 Export oS8T 424 S 971 650 1,224 801 1,098 915 499 344 446 950 785 650
LPG Deficiency PRI U S s A5~ 8. .., 11 : 5 9 5 8 - - - 8 9 11
Sulphur Prod. KRR = : .- - - - - 17 14 17 - - -
KENYA ONLY MARKET = © - - o , E
Crude 011 T 2,548 2,584 3,283 2,753 2,048 2,827
AGO Import e ST el Sl e e Clim
Mogas Surplus 100 77 . o108 ] SESEIENOS ) ¥ 28 56 g T gt
Fuel 011 Export 463 328 83547533, 1,145 -2 699 ' 864 STl 735
LPG Deficiency 17 18 R J SRR IR | 12 10 120
Sulphur Prod. - - T - - - - - - 13- g
1 No cloud pt. problem is expected by KPRL for AGO with 95% Murban, although KPRL lab is testing cloﬁd‘pt;:debfééééht‘(gssﬁ).ﬁ
2 "AGIO Inputs" mayu be partly “Kero Inputs". Lo e e D T
3 Facilities are currently being installed for Shell's Swim Pour Pt. depressant. :
4 This deficiency may be corrected by proposed new improved C, recovery project. No data available, -
5 Maximum refinery throughput 1s same ag for the No Investnené case since there 18 no change to DCU's in this option.
6 Yields are vased on Data Book "Low Intake” with LGO yield 1limited by 90X ASTM temperature (356°C) and not by sulphur content, L
7 The cut-point in capacity between "High Intake” gnd "Low Intake" is 2345 MM tonne/yr. Hence this case can use "Low Intake" Hhich'uqabadoptedfgp original
8 Figures siightly modiffed from original study, T R

9. Case 3A modified to take into account the use of "High Intake" ylelds at CDUs.
10. Figures slightly modified from pPrevious study to allow for "High Intake"
11. Results are slightly better than original ADL 3A material balance due to
12, HDS unit will be approxlmately: 1860 MT/SD (1075 Kero + 785 LGO).

yields.

improved CDU fractionation.

The TGU 1s 8 higher 1n capacity (Kenya plus ngrke;. i?95).

Presence of Merox unit Hflllréqhée'oéé?é:@ng;cost
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'MARKETING' COMPANIES® NET OIL. COSTS:

In addition to the‘crude slate each scenario is described with one of

the following labels.
S0 M. - No Investuent case,
© ' KEKL = combimation of ‘the:two CDU's plus Merox.unit. -
0 ' HDS = Arthur D. Little Option 2 (hydfodesulfurization unit). = -

0" TGU +o- Arthur D. Little 0ption 3A (thermal gas oil unit plus

ta package hydrogen plant)'m

o KPRL",TGU+ - the modified Option 3A755-~"incl 'ding the combination,

%of the existing crude units, the'Merox‘ the TGU,'a small HDS

;unit + H facilities

_ciQ;jCombi, S - (theVHDS unit) combination of the two CDU s plus’

'fArthur D Littleis%Option 2

/A Arthur D. Little, Inc. 41
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1950 1995 1990 - 1995

T @ W @ W@ @ 2
Product Imports. 555.3 - - 620.6 - - 4399 - 478.8 =t
95% Murban N.I. 54635 8.8 611,7 8.9 432,2 7.7 471.8 7.0
KPRL 95% Murban 535.6 19.7  595.9 24.7  425.2 < 14.7  463.8 15.0"
50% Murban N.I.- 552.7 2.6  614.0 6.6 - 434.5 5.4  475.2 3.0
KPRL 50% Murban 533.1 22,2 595.8 24.8  '420.3 - - 19.6  459.6 19.2.
25% Murban N.I. 556.0 (0.7) 615.6 5.0 439.9 - 480.2 1.4
KPRL 25% Murban 532.2 23:1- 593.7 26.9  420.5 ' 19.4  458.8 20.0-
HDS 25% Murban 540.9 14,4 605.4 15.2  426.7  13.2  466.6: 12,2
HDS 50% Murban 544.8 10.5° 609.4 11.2  430.0 9.9  470.1 8.7,
TGU+, Arab Mix 521.8 33.5 " 583.6 37.0  412.4 27,5 @ 448.1  30.7.
TGU+, 25% Murban - 523.7 31.6 . 585.6. 35.0  415.7 - 24.2  450.6 28.2:
KPRL, TGU+, Arab Mix ~ 519.2 36.1.  581.0 39.6  408.9 = 31.0 445.2. 33.6°
Combi, HDS, Arab Mix  :530.4 24,9 590.9. 29.7 421.1 18.8 459.4 19.4.
 Combi, HDS, 25% Murban - - 530.9 24040 592.4 28.2° ° 419.2 - 20.7 458.5: 20.3:
Combi, HDS, 50% Murban  533.1 22,2 595.8 24,8 - 421.1 18.8  459.5 19.3"

D-2

NET OIL COSTS AND REFINERY MARGINS

(SPOT PRICES*)
(Million 1983 $)

Kenya Plus
Contiguous Market

Kenya:Only: -

| I o
Net oil costs to each market

 1*Gross>refinery margins.
- Platts' Prices 4/2/84.

E=E
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[\

Product Imports

95% Murban N.I.

KPRL 95% Murban

50% Murban N.I.

KPRL 50% Murban

25% Murban N.I.

KPRL 25% Murban

HDS 25% Murban

HDS 50% Murban

TGU+, Arab Mix

TGU+, 25% Murban
KPRL, TGU+, Arab Mix
Combi, HDS, Arab Mix
Combi, HDS, 25% Murban .
Combi, HDS, 50% Murban

D-3

NET OIL COSTS AND REFINERY MARGINS

(Fall 1983 Price Forecast)*

(Million 1983 §)

585, 2

'11Net oil costs to each’ market.,_
_4Gross refinery margins. .
. See Arthur D. Little: report of March 1984

" 'Kenya Plus
Contiguous Market . Kenya. Only
1990 -1995 2201990 - - 1995
@ @ @ (2) @ @) ~(1) ~;af:(2)tﬁ
616.3 - 760.3 - - 488.4 - 586.8 -7
611.0 5.3 759.7 . 0.6 483.9 4.5 '586.4 0.4
600.2 16.1 743.5 - . 16.8 476.2 12.2 577.0- 9.8
605.7 - 10.6 749.7 10.6 476.6 11.8 572.3 7.5
585.2 31.3 729.0 31.3 462.1 26.3 562.2 24,6
601.1 15.2 743.7  16.6 475.6 12.8 577.1 9.7
577.1 39.2 720.1 40.2 456.6 31.8 554.9 319
586.0 30.3 730.3 30.0 462.7 25.7 563.0 - 23.8
597.5 18.8. 743.7 16.6 472.0 16.4 573.6 13.2
560.0 56.3 699.7 60.6 442.9 45.5 537.7 49,1
568.5 47.8 709.2 - 51.1 450.6 37.8 544.7 42,1
- 557.4 58.4 696.9 63.4 439.2 49.2 534.4 52,4
- 567.2 49.1 709.9 - . .50.4  451.3 37.1 549.0  37.8
'575.8 . 40.5 . 718.4 41,9 - 455.3 33.1 544.8 - 42.0
31,1 729.0 - -31.3. - 462.0 26.4 562.0 - .24.8
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NET OIL COSTS AND REFINERY MARGINS
. (March 1983 Price Forecast)
(Million 1983 $)

Kenya Plus

Contiguous Market ?Kenya Only

: 1990 | L1990

(1) 2) n(l)ff~ - (2)
Product Imports v 493.5 - -390.0 -
95%Z Murban N.I. 7 491,6 1.9 /388.1 1.9
KPRL 95% Murban 480.5 13,0 380.3 9,7
50% Murban N.I. 490.7 2.8 385.1 4,9
KPRL 50% Murban 470.5 23.0 '370.3 19,7
25% Murban N.I. 489.6 3.9 386.6 3.4
KPRL 25% Murban 465.4 28.1. 366.8 23,2
HDS 25% Murban 474.3 19.2 373.3 16,7
HDS 50% Murban 482.9 12.6 380.4 “976
TGU+, Arab Mix 447.2 46.3 352.9 37.1
TGU+, 25% Murban 453.7 39.8 359.7 30.3
KPRL, TGU+, Arab Mix 4447 48.8 349.7 40.3
Combi, HDS, Arab Mix 458.8 34.7 363.5 26.5.
Combi, HDS, 25% Murban 463.9 29.6 365.5: 24.5
Combi, HDS, 50% Murban 470.5 23.6 ,370 9 '19.1

~Net oil costs to. each market.
Cross rafinarv maradn =

A\ Arthur D. Little, Inc. 44
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. 'NET 'OIL COSTS AND REFINERY MARGINS

3(Aﬁfii‘l99£‘Low frice Forecast)
(Million 1983 §)

~ Kenya Plus
;ontiguous Market Kenya Only -
S E7ul990 S 1990
w (2) W@
Product Imports 465.4 - -369.6
95% Murban N.I. 455.9 9.5 1362.1
KPRL 95% Murban 449.8 15.6 ~357.0
50% Murban N.I. 458.8 6.6 362,0°
KPRL 50% Murban 445.5 19.9 '352.2
25% Murban N.I. 459.3 6.1 364.8 -
KPRL 25% Murban 443,9 21.5 351.5:.
HDS 25% Murban 449.2 16,2 355.6
HDS 50% Murban 452.9 12,5 "358.9 -
TGU+, Arab Mix 441.3 24,1 -349,7
TGU+, 25% Murban 443.2 22.2 3531
KPRL, TGU+, Arab Mix 439.6 25.8 347.0" -
Combi, HDS, Arab Mix 441,3 24,1 3511
Combi, HDS, 25% Murban 443,0 22.4 35047+
20.0 -352,9 -

Combi, HDS, 50% Murban 445.4

Note: Rotterdam refinery margin at variable.cost

1Net 0ll costs to each market
Gross refinery margin.

A\ Arthur D. Little, Inc.
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