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EXECUTIVE SUMMARY
 

A. INTRODUCTION
 

This report has been prepared by Arthur D. Little, Inc. for the
 
Government of Kenya. The study was funded by the Office of
 
Conventional Energy of the U.S. Agency for International Development,
 
Washington, D.C. The study contract was initiated in July, 1982 and
 
called for Arthur D. Little, Inc. to undertake a comparative analysis

of the options for the modification of the East Africa Oil Refinery
 
(EAOR) at Mombasa, Kenya.
 

The need to consider options for the modification of the EAOR refinery
 
results from an increasing imbalance between the refinery's yield of
 
products and the market demand. This imbalance has already resulted
 
in the export of large volumes of surplus fuel oil. 
 In the future,
 
unless the refinery is modified, not only will fuel oil exports
 
increase but Imports of middle distillates will be required, as the
 
demand for Ilhese products increases as a proportion of total demand.
 
This worsening imbalance problem can be progressively solved by
 
alternative investments of increasing magnitude at EAOR. These
 
alternatives are compared and evaluated in this study.
 

Throughout the study, Arthur D. Little, Inc. has worked closely with
 
various ministries in the Government of Kenya, including principally,
 
the Ministry of Energy. The study has benefitted from the advice and
 
direction provided by Mr. A.N. Ligale, Permanent Secretary of the
 
Ministry and his Technical Advisor, Mr. C.N. Kariuki. Their active
 
participation and assistance is much appreciated by Arthur D. Little,
 
Inc.
 

In undertaking the study, we also received the cooperation of the
 
management and staff of EAOR 
in Mombasa and of the oil marketing
 
companies in Kenya, SIPM in the 
 Hague and Shell London, who
 
coordinated the comments of industry shareholders. Close consultation
 
has also been maintained with USAID's technical staff in Washington
 
and with the USAID Mission and the U.S Embassy in Nairobi. We also
 
appreciate the cooperation of the World Bank.
 

During the course of the study, two sets of presentations were made to
 
the Government of Kenya and to the industry shareholders in Nairobi.
 
The first, in September 1982, dealt with the outlook for demand in
 
Kenya and the contiguous markets served by EAOR and with the outlook
 
for world oil prices, with particular reference to the Mombasa
 
refinery. At this time, a preliminary review of the technical options
 
for modification of the refinery was also presented. In December
 
1982, an analysis of five technical options for the modification of
 
the refinery was presented, together with estimates of the associated
 
capital and incremental operating costs. The preliminary economic and
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financial analysis of the options was also presented to the Government
 
and to industry shareholders in December 1982.
 

Comments made by the Government and the industry shareholders in EAOR
 
during and following these presentations have been incorporated into
 
this final report, including those resulting from a workshop conducted
 
by Arthur D. Little, Inc. for the Government of Kenya in February
 
1983.
 

Emphasis must be placed on the comparative nature of this study of the
 
options for modification of the EAOR refinery. As such, the study

does not reach specific recommendations regarding which, if any, of
 
the modification options should be implemented. Also because of its
 
comparative nature 	certain limitations surround the study, the most
 
important of which is that the comparison of long range investment
 
alternatives should not be confused with the evaluation and management

of day-to-day refinery operations, including the choice of crude
 
slate.
 

The option selection process will require careful consideration from
 
the Government of national policy issues related to the prospects for
 
future economic growth, the country's balance of payment and the
 
security and cost of future oil supplies. The selection will also
 
call for extensive negotiations between the Government, the
 
shareholders in EAOR, the suppliers of crude oil 
to the Kenya market
 
and the oil marketing companies in Kenya. The decision as to which,

if any, of the modification options to select is complex and difficult
 
and should not be made in haste.
 

B. SUMMARY
 

The final report of the study is presented in this volume. A
 
subsidiary volume contains technical and other appendix material which
 
is referenced in the main body of the report.
 

The main report consists of five chapters as follows:
 

* 	 Chapter I: Petroleum Product Demand in Kenya and the
 
Contiguous Markets
 

* 	 Chapter II: Technical Options for Modification of the
 
EAOR Refinery
 

* Chapter III: 	 Capital and Operating Cost Estimates
 

* Chapter IV: 
 The Long Term Oil Price Outlook
 

* Chapter V: 	 Economic and Financial Analysis
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The approach to, and content of, each chapter is 
briefly described
 
below.
 

Chapter I: Demand
 

Future demographic trends in Kenya and trends in economic activity by

sector were forecast. We projected the likely future contribution of
 
each energy source by sector of activity and placed future oil demand
 
in the context of total energy supply. Specific assumptions were
 
postulated regarding conservation and the potential for the
 
substitution of oil products by other indigenous forms of energy and
 
by less expensive imported coal. The demand for individual petroleum

products was projected by end-use sector. Aggregate oil product

demand was then compared with refinery production to identify changes
 
to product price relationships in Kenya or other national energy

policies which would be needed to avoid unnecessary and excessive
 
imbalances between refinery output and demand. 
The demand projections
 
were, as to these
appropriate, modified reflect 
 recommendations. A
 
similar approach was taken to forecasting demand in the other
 
ccnLlguous markets. In the course of making our demand forecast, we
 
worked in close consultation with the joint Government/Industry demand
 
committee and with the oil marketing companies. We interviewed all
 
major fuel users in Kenya and made extensive use of other recent
 
studies of energy supply and demand in Kenya and the other contiguous
 
markets.
 

Due principally to the expected decline in fuel oil demand (resulting
 
from conservation, large scale hydro and geothermal-generated power

and the substitution of imported coal) we expect total product

requirements from the Mombasa refinery to 
show little growth during

the 1980s. Overall, in the period between 198] and 1995, demand in
 
the bane case forecast is expected to grow at an average annual rate
 
of 1.1%. Growth in the 1980s is expected to be at the very low annual
 
rate of less than 0.5% but during the 1990s, demand will increase more
 
rapidly. Between 1981 and 1985 light distillate requirements can be
 
expected to increase at an average annual growth rate of 0.4%, middle
 
distillate demand at 
1.4% whereas the demand for heavy products will
 
declines at an average annual rate of 0.4% 
(the bulk of this decline
 
occurring in the post-1990 period). Under a high economic growth rate
 
variant, oil demand is projected to grow at an average annual. rate of
 
2.1%. This high economic growth rate variant is based on a more
 
optimistic projection of the growth of both the Kenyan and Ugandan
 
economies.
 

Although the breakdown of demand between the various product

categories is similar in both demand forecasts, the projected changes

in the demand for the various product fractions expected to occur
 
between now and 1995 has important implications for the operation of
 
the Mombasa refinery. Residual fuel oil demand will drop from 30% of
 
the product outturn barrel in 1981 to below 23% by 1995. By contrast,
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middle distillate demand will increase from 50% 
in 1981 to in excess
 
of 59% by 1995. Light distillates will decline slightly a, 
a
 
proportion of total demand. 
 Since these trends are broadly similar -'n 
both the base case and high variant demand projections, t''!3 
reinforces the need for 
residue conversion to middle distillates.
 
Although the sizing of any new processing units built at the Mombasa
 
refinery would obviously be affected by the different levels of demand
 
in the two forecasts, the type of processing capability required will
 
be similar in both cases. 
 Because of the uncertainty surrounding the
 
demand forecasta, care should be taken that any investment decision
 
should be robust to a variation in the total level of devand caused by
 
a change in the overall rate of economic growth in Kenya and the
 
contiguous markets.
 

Finally, demand in Uganda is forecast to be of increasing importance

to the EAOR refinery, since it is projected to increase from 8% of
 
total demand in 1981 to over 15% by 1995. 
 This change results
 
primarily from the expected rapid growth in the Ugandan economy, and
 
emphasises the growing importance of this market to EAOR.
 

Chapter II: Technical Modification Options
 

The EAOR refinery was originally designed to meet a product demand
 
slate closely matched to that obtained from simple crude oil

distillation. As a result of past and projected changes in 
product

demand, three types of processing deficiencies in the present refinery
 
now need to be considered urgently:
 

0 	 Limitations in the crude distillation units at higher crude 
oil intake rates; 

0 	 Inadequate hydrodesulfurizatjon treating facilities for
 
light gas oil; and
 

0 	 Total lack of heavy fuel oil conversion processing capacity.
 

The CDU limitations have already been investigated by SIPM (who manage

the EAOR refinery) and will be corrected in the near future as part of
 
normal refinery maintenance. 
 The other two pto.essing deficiencies
 
are the subject of the modification options considered in this study.
 

Two processing options were developed to deal with the 
lack 	of light
 
gas oil desulfurization capacity. Case 
1 involves the addition of a
 
merox unit for kerosene treating thus 
releasing the existing Complex

II kerosene HDS unit for the desulfurization of light gas oil. Case 2
 
calls for the addition of a hydrodesulfurizatiun unit for light gas

oil. In this case the yield of automotive gas oil would no longer be
 
limited by the sulfur content of the untreated light gas oil from the
 
crude distillation columns.
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Three further cases were then developed for conversion processing to
 
improve the yield of light products. In two of these (Cases 3 and 3A)

the chosen process unit is a thermal gas oil unit, including straight

run light gas oil hydrodesulfurization and a two-stage thermal
 
criu king unit. In Case 3A additional hydrogen would be provided

thro,gh the addition of a package-type hydrogen plant to give the
 
refinery added processing flexibility. Case 4 involves the addition
 
of a vacuum unit, a hydrogen plant and a hydrocracker to process

straight-run heavy vacuum gas oil from the vacuum distillation of long

atmospheric residue. 
 The proposed unit is single-stage and would be
 
designed for maximum middle distillate production.
 

The crude oil selected to develop the design and capacity of proposed
 
new processing facilities was a mix consisting of 90% Arabian Light

and 10% Arabian Heavy crude. The use of a lighter crude slate was not
 
considered in any detail for process design or for relative compar!aon

between the options, since it is apparent that the refinery will
 
produce less surplus fuel oil and more 
light products the lighter the
 
crude slate. Moreover, as a processing refinery. EAOR has no control
 
over its crude slate (which is presumably the result of system

optimization by the individual user companies). 
 It was thus felt that
 
the design crude slate should be chosen conservatively. In fact, once

secondary processing has been installed at EAOR, the users will have a
 
significant incentive to run the heavier crudes. for
However,

absolute comparative purposes, both this 
same crude slate and lighter

slates were evaluated in the No Investment case since it was
 
recognized that the 90% Arab Light/10 
Arab Heavy slate would produce

extremely unfavorable material balances were the EAOR not
refinery

modified. Accordingly, the addition of 25% Abu Dhabi Murban crude to
 
the design 
slate is more reflective of current refinery operations.

If the refinery is not modified, the user companies are likely to
 
continue to supply light crudes (so long 
as this proves economic from
 
a price viewpoint) and will thus avoid, to 
the extent possible, some
 
of the required imports of automotive gas oil and will minimize the
 
required exports of surplus residual fuel oil. 
 The use of a lighter

crude slate in the No Investment case thus ensures that the absolute
 
economics of the new process options are not overstated.
 

Estimates of the size of the 
required processing facilities for each
 
case were based on 1995 base case demand forecasts, with adequate

allowance for spare capacity. 
Material balance calculations were made
 
for each case to assess the impact of each process modification on the
 
volumes of crude oil and middle distillates imported and on the
 
surplus of residual fuel oil to be exported. Similarly estimates were
 
made of the additional offsite requirements including intermediate
 
tankage, utilities and other required offsite facilities. These
 
estimates were used as the basis for the assessment of capital and
 
incremental operating costs for each processing option.
 

Finally, Arthur D, Little, Inc. considers the mechanical condition and
 
maintenance of the refinery to be satisfactory. We believe that the
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refinery can be adequately maintained through 1995, in a condition to
 
warrant the addition of downstream upgrading plant. Maintenance costs
 
mrJst, of course, be expected to Increase for both units and beyond

1995 replacement of some major equipment in Complex I may be
 
necessary.
 

Chapter III: Capital and Operating Cost Estimates
 

Independent capital cost estimates for the 
five process options were
 
prepared by Arthur 
D. Little, Inc. and by five other independent
 
sources (UOP, Lummus, Foster Wheeler, Process Plants Consulting

Services, and an independent consultant). The ISBL cost estimates
 
from the six sources were compared on a consistent U.S. Gulf Coast
 
basis; OSBL costs were added 
to obtain total U.S. Gulf Coast constant
 
1982 dollar investment requirements. Arthur D. Little, Inc. then
 
assessed the appropriate elements of the location factor for Mombasa,
 
taking into account transportation, duties and fees, local labor costs
 
and other local factors influencing construction costs in Mombasa.
 

T.he various process schemes result in total capital 
 investment
 
requirements (in constant 1982 $) of $4 million in Case 1 (tl.e

Kerosene Merox Unit), 
$26.2 million in Case 2 (the LGO Hydrotreater),
 
$103 million for Case 3A (the Thermal Gas Oil Unit) and $191.7 million
 
in Case 4 (the Hydrocracker). These figures exclude contingency,
 
spare parts and start--up costs, which are 
added in making the economic
 
and financial analysis. An assessment was made of the projected
 
start-up dates for each new process scheme, which vary between January

1, 1986 for Case 1 to July 1, 1987 for the three intermediate cases.
 
In the case of the hydrocracker, (Case 4) start-up could not be
 
expected prior to January 1, 1988.
 

An independent review was 
conducted by Bechtel Natlonil, Inc. (under
 
separate contract to USAID) of the technical basis for Arthur D.
 
Little, Inc.'s selection of the modification options as well as of the
 
capital costs for each process option. Bechtel was in close agreement

with Arthur D. Little, inc.'s capital cost estimates and provided an
 
independent verification of the technical aspects of 
this study.

Bechtel National, Inc. and Arthur D. Little, Inc. agreed that the
 
overall accuracy level of the capital cost estimates made in the study
 
was plus or minus 30%.
 

Finally, incremental operating costs were assessed for each process

scheme and an analysis was made of the foreign and local currency
 
components of both capital and incremintal operating costs for use in
 
the financial analysis.
 

Chapter IV: Prices
 

This chapter presents Arthur D. Little, Inc.'s long-term outlook for
 
world energy and oil supply and demand. The outlook, which was
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produced during the early part of 1982, sets future energy trends in
 
the context of historic changes in oil prices, energy conservation and
 
fuels substitution which have occurred during the 1960s and 19706.
 

The long-term energy demand and supply outlook presented in the report
 
was prepared in mid-1982 and pre-supposed that world economies would
 
recover In late 1982/early 1983. This was optimistic and since
 
significant economic recovery will not now commence until the second
 
half of 1983, this delays the expected renewal of growth in energy and
 
oil demand. Since this optimistic energy and oil demand forecast
 
underlies the price forecast completed in August 1982, it was
 
recognized in the study that crude oil prices were likely to be even
 
lower, in the short term, than those presented in the forecast.
 
Fvents in the world oil, market since the forecast was made have proved
 
this correct.
 

Arthur D. Little, Inc. continues to believe, however, in the soundness
 
of the long-term trends projected in the study. The world demand for
 
energy is expected to grow at slightly under 2% per year between 1980
 
and 2000, significantly below the growth rates which prevailed prior
 
to 1973. The contribution of oil to total energy supply in each of
 
the major industrial regions is expected to decline sharply during the
 
forecast period as a result of continuing trends in conservation and
 
more importaitly, in the substitution of coal and natural gas for oil.
 
Free world oil demand will show little growth above 19R2 levels during
 
the 1980s hit can be expected to increase from 49 million barrels per

day in the 19R0s to 55 million 11arrels per day by the year 2000,
 
reflecting growth in demand in the developing countries (and

particularly in the OPEC countries) who have few alternatives 
to the
 
use of petroleum fuels to support industrial and economic growth.
 

Oil supply from non-OPEC countries is forecast to peak at 25 million
 
barrels per day in 1985, with a subsequent decline expected to 23.5
 
million barrels per day by the year 2000. The resulting required
 
production from the OPEC countries will then depend primarily on the
 
rate of economic growth and on the rate of substitution of non-oil
 
fuels. The projected demand for OPEC-produced oil Is expected to be
 
in the range of 17 to 22 million barrels per day as compared to
 
historic 
(pre-1980) production levels of in excess of 30 million
 
barrels per day. A "comfortable" range for OPEC production is seen as
 
lying between a low of 16 nillion barrels per day (the minimum below
 
which OPEC members would not wish their collective production to drop
 
for an extended period of time) and a high of 25 million barrels per

day (a level above which concern can be expected to re-emerge

regarding the willingness of members to increase production for 
a
 
sustained period).
 

These forecasts are used as a backdrop against which to develop price
 
projections. Arthur D. Little, Inc.'s mid-1982 Delphi survey of crude
 
oil prices is presented in the study, portraying a no-crisis case in
 
which the price is seen dropping (in 1982 $ terms) to $29.7 per barrel
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in 1985, thereafter Increasing at a rate of under U% per annum to
 
reach $33.9 per barrel by the year 2000. In the expected value case,

(which includes the Delphi respondents' aggregate expectation of the
 
occurrence of crises during the forecast period) the price is expected

to real to in
drop in terms $30.7 per barrel 1985, thereafter
 
increasing to 
$37.5 per barrel in the year 2000, an average rate of
 
Increase of 1.37 per annum.
 

Thus these price forecasts, which were made prior to the events of
 
late 1982 and early 1983, explicitly recognized the potential 
for a
 
price decline in real terms in the short-term. The official OPEC
 
marker price has now 
been reduced by S5 per barrel, but it remains
 
uncertain whether OPEC's March 
1983 price and production allocation
 
agreement will hold or whether a further decrease in official prices

will be necessary to 
stabilize market conditions. Accordingly, since
 
this report was in preparation in the midst of this market turbulence,
 
an extensive senaitivity analysis was made in this study to assess the
 
impact of lower prices on the alternative Mombasa investments.
 

The crude oil price projection described above was first used as the
 
basis for developing product price projections. Trends In product

supply and demand, in refinery capacity of various types and in crude
 
oil and product tanker freight rates are integrated to produce

consistent product prices the and
for major refining market areas.
 
Given the location of the Mombasa refinery, projections reflecting

price-setting mechanisms in both 
the Atlantic Basin and the East of
 
Suez areas werc used as the basis for developing prLes for products

in the Arabian Gulf, the producing area which will most heavily impact
 
on import and export parity prices at Mombasa. In this context an
 
analysis was also made of the expected availability of petroleum

products from the new Arabian Gulf refineries.
 

The relative prices of crude oil, middle distillates and heavy fuel
 
oil are 
most critical for the analysis of alternative process

modification options for the Mombasa refinery. 
 Accordingly, the price

projections reflect the possible extremes of 
 product pricing

conditions, particularly for the light-heavy product price

differential. On the one 
hand, a "cost based" scenario is calculated
 
in which a continuing need for the addition of new conversion capacity
 
on a worldwide basis is postulated, and the light-heavy product price

differential is forecast to reflect the increasing cost of converting

incremental volumes of residue to 
lighter products. An alternative,

0market-based" 
price scenario is projected in which a continuing

shortage of conversion capacity is forecast resulting i:: 
a surplus of
 
residual fuel oil, 
the price of which must drop to compete with coal
 
in the industrial and power generation sectors in major world mwrkets.
 
This leads to much higher price differentials for conversion than the
 
cost-based forecast.
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Finally, prices for crude oil and products were assessed cif and fob
 
Mombasa through the addition or subtraction of freight costs, as
 
appropriate.
 

Chapter V: Economic and Financial Analysis
 

A comparative economic and financial analysis of the options for the
 
modification of the refinery was made using a computer-based model.
 
This model was specifically developed for this study and treats the
 
required investments and operating costs on an incremental basis with
 
reference to a No Investment case, the results of which were not
 
specifically calculated. The net material balance savings that the
 
industry could expect to enjoy as compared to the No Investment case
 
were assessed and compared to the incremental costs incurred in each
 
modification option. The purpose of the analysis was not to evaluate
 
whether the EAOR refinery should remain in operation but rather to
 
evaluate the relative comparative economics of alternative investments
 
in upgrading facilities. The investments were found to progressively
 
improve the net material balance at EAOR by reducing the volumes of
 
crude o-i which must be run to meet demand in Kenya (and the other
 
contiguous markets served by EAOR), while progressively reducing
 
exports of surplus fuel oil and the projected imports of white
 
products in the No Investment case.
 

The structure of the oil industry in Kenya is specifically recognized
 
in the analysis of the Investment options. As a processing refinery,
 
EAOR has no title to either crude oil or petroleum products and is
 
simply a processing refinery operated for a per-barrel fee, the value
 
of which is not directly related either to competitive market
 
conditions or to the value of the crude oil run or products produced.
 
Although the Kenyan Government and the industry shareholders in the
 
refinery, will benefit directly from any increase in the processing
 
fees which results from the implementation of one of the investments,
 
the major beneficiaries will be either the users who will enjoy the
 
material balance savings, or the Kenyan consumers.
 

A set of alternative performance measures was developed to evaluate
 
the alternative investments; first, a total project cash flow was
 
calculated which reflects the impact of each project on the Kenyan
 
economy; second, a balance of payments analysis was made to measure
 
the impact of each alternative on Kenya's foreign exchange flow; and
 
third, a financial analysis was made to assess the impact of each
 
option on the refinery owners' cash flow.
 

The investments were all evaluated on a consistent basis and were
 
compared with a No Investment case which assumes that the existing
 
refinery is run with the same crude oil slate chosen for new unit
 
design and sizing. It is explicitly recognized in the study that this
 
relatively heavy crude oil slate (90% Arabian Light/1O% Arabian Heavy)
 
overstates the penalties of continuin- to run the existing EAOR
 
refinery without modification. Accordingly, to reflect currunt user
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crude oil supply practice and to more correctly represent the
 
economics of 
running the existing refinery, the economics of running

lighter crude slates in the existing facilities were developed. In
 
addition, 
a Black Oil Case in which crude oil throughput at the 
refinery is cut back so as to eliminate exports of residual fuel oil, 
was also analyzed. In this case, the resulting deficit of white 
products required to fully meet market woulddeniand have to be
 
imported.
 

Figure A illustrates the results of these comparative analyses of the
 
relative economic benefits of the modification options and of the
 
comparison of the 
investment options with the existing facilities.
 
The modification options all appear profitable compared to running the
 
light crude oil slate in the existing facilities even if a 50% Murban
 
blend is included In the slate. The relative ranking of the
 
investment projects shows that Case 3A (the Thermal Gas Oil Unit)

produces a higher net present value whereas Case 4 (the IHydrocracker)

produces greater foreign exchange benefits. All projects have been
 
evaluated on the basis of a 15-year operating life.
 

In addition the analysis also showed that, according to the current
 
provisions for the calculation of EAOR's processing fee, the financial
 
rate of return perceived by the owners of the refinery would not
 
differ significantly between the various modification options.
 

An extenasive sensitivity analysis was then made to determine whether
 
the various modification options were susceptible to a drop in the
 
prices used in the analysis. We concluded that the investments appear

relatively robust to changes in the 
price assumptions. Sensitivity

analyses were also made to consider the impact of higher and lower
 
investment levels and of a reduction in demand to the Kenya market
 
only.
 

C. CONCLUSIONS
 

The terns of reference for the Arthur D. Little, Inc. study

specifically excluded making recommendations as to which, if any, of
 
the investment options should be implemented by the Government.
 
However, we can reach the following summary conclusions as a result of
 
this analysis:
 

* Investment at EAOR
 

Investment in secondary processing at EAOR appears

profitable. The costs associated with the 
three larger

investment options considered in this study are relatively

small compared to the savings in oil import costs which can
 
be achieved. Even the two smaller investments produce not
 

-10- /t ArthurD. IUttle, Inc.
 



300 

250 

NPV @ 15% 
Million Current $ 

FIGURE A 
RESULTS OF COMPARATIVE ECONOMIC ANALYSIS OF 

MODIFICATION OPTIONS TO THE EAOR REFINERY 
Total Project Cashflow 

279 

255 

Kenya's Balance of Payments 

200 19 
206 

217 

189 

229 

29 41 52 11 9 165 

150 

100 

83 95 1W 168 144 
116 111 110 

- -

131 

40 98 138 - 91 

50 
!- I.49 70 

- -
128 168 218 61 

0 
__ 2 3A 4 BO 75/ 

25S 
50/ 

5oS 

-- ...
1 2 3 -f

3A -f,-
4 BO 1

75/ 
25S 

50/ 

50S 

Cases Cases 

Cases: 1 - Kerosene Merox 
2 - LGO Hydrodesulfurization 
3 - Thermal Gas Oil Unit 

3A - Thermal Gas Oil Unit Plus Hydrogen Plant 
4 - Hydrocracker 

BO - Black Oil Rule Case 
75/25 Slate - No Investment Case with 67.5% Arab Light/ 

7.5% Arab Heavy and 25% Murban Mix. 
50/50 Slate - No Investment Case with 45.0% Arab Light/ 

5.0% Arab Heavy and 50% Murban Mix. 



insubstantial 
positive benefits. 
 Investment 
in secondary
processing 
 will provide the refinery with valuable
flexibility in 
terms 
of crude slate and thus will at least
partially insulate Kenya's oil costs from the extreme market
conditions which could affect the prices of the lighter, low
sulfur Middle East crudes. Therefore, we recommend that the
Government give most 
serious consideration 
to implementing
one of the investment options. 
 Careful consideration should
naso be given, during 
the project definition stage, 
to the

phasing of the investment.
 

* Project Sizing
 

It is Important 
for the Government to 
ensure that the EAOR
refinery remains 
the preferred source of supply for Uganda
and the other contiguous markets since 
 these markets
contribute significantly to EAOR's crude throughput.
 

* Oil Prices
 

A major difficulty faced by the Government in reaching this
investment decision at this time is the threat of a collapse
in oil prices and/or of a sustained period of
differentials 
 between 
 the prices of light 
low
 

and heavy
products. It is the considered view of Arthur D. Little,
Inc.'s Energy Economics staff that while both are 
unlikely,
they 
should not be totally discounted. 
 Just prior to the
printinp of this 
report, OPEC members 
reached agreement
reduce the 
price of the OPEC marker 
to
 

crude from $34 to
$?9/Bbl. 
 It remains to be seen whether this price agreement
(and the associated 
 allocation 
of allowable production
between the members) will 
be sufficient 
to stabilize the
crude oil market. 
 A price collapse continues to represent a
real threat to the 
viability of the investment options at
Mombasa, as does 
the possibility of very low differentials
between 
light and heavy products. However, It is 
also
important that short-term events in the world 
oil market
should 
not become an impediment 
to national long-term

investment decisions.
 

* Lighter Crude Slates
 

Operationally, 
and so long as the EAOR refinery is not
modified, the will,
users 
 depending on 
 relative 
crude
prices, enjoy benefits from running a lighter crude slate at
Mombasa 
than that chosen as 
the basis for unit design and
sizing in this 
study. The of
use 
 lighter crudes,
refinery if the
is not rodified, reduces 
the apparent absolute
advantage of the modification 
options compared to the No
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Investment case. However, all options continue to generate 
positive cashflows and the use of lighter crude slates in 
the No Investment rase does not change the comparative 
ranking of the investment alternatives. We believe the 
choice of a relatively heavy crude slate for unit design and 
sizing is appropriate in this comparative study of 
conversion options for the EAOR refinery. If a modification 
is to be made the new conversion units should be designed 
and sized so as to provide EAOR with the flexibility to run 
a heavy crude slate. As a processing refinery, in this 
location, flexibility of operation must be considered a most 
critical factor in the investment decision, so as to ensure 
that EAOR's proceesing capability does not again become 
limited, as it is at present. 

" The "Black Oil" Option 

We have classified the Black Oil option as a No Investment 
alternative; however, implementation of a Black Oil Rule 
would require some investment in product handling facilities 
and would imply that the Government can be assured of the 
availability of adequate quantities of white products for 
import. This option therefore has associated uncertainties 
concerning the price and availability of product and the 
level of investment required. Tn the longer term, however, 
we expect significant volumes of white products to be 
exported from the new Arabian Gulf and Red Sea export 
refineries. 

* Comparability of the Investment Options 

The five options are not comparable in terms of either the 
required level of investment or the net benefits to Kenya.
Even if the net benefits to the national economy (and to 
Kenya's Balance of Payments) are of the same order of 
magnitude, the investments required to implement the higher 
cost options are much more significant (and could prove more 
difficult to finance) than those associated with the lower 
cost options. 

* Measures of Economic Performance 

The results of the economic analysis could lead to different 
conclusions, from the Government's viewpoint, based on which 
performance measure is considered of most significance: 

-- The national economic benefits (that is, 
gross domestic product); 

the impact on 
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The total revenues consisting of tax and dividends
 
which will flow to the Government (that is, the impact
 
on the national budget); and
 

The Balance of Payments savings (that is, the impact on
 
the country's foreign exchange borrowing capacity and
 
on its foreign debt service level).
 

The Kenyan Government must now carefully analyze within its overall
 
policy framework, the impact of each investment alternative in terms
 
of the above performance measures, before reaching a decision and
 
proceeding with implementation discussions with EAOR's industry

shareholders, external financing agencies and engineering contractors.
 

ArthurDt Itde, Inc.
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CHAPTER I
 

PETROLEUM PRODUCT DEMAND IN KENYA AND THE
 
CONTIGUOUS MARKETS
 

A. INTRODUCTION
 

1. Background
 

The first step in evaluating alternative modifications to Mombasa
 
Refinery was to forecast the likely future level of demand for oil
 
products both in Kenya and in neighboring contiguous countries, which
 
are normally supplied from the Mombasa Refinery. In this chapter, we
 
describe the approach we adopted in projecting product demand in these
 
areas; we identify the major assumptions which we adopted - notably 
with respect to future trends in economic activity and population
 
growth and the extent to which non-petroleum energy forms may be
 
developed and substituted for oil products; we develop product demand
 
projections for each couittry and finally aggregate these forecasts
 
into an estimate of the total volume of each product which will be
 
required from the Mombasa Refinery.
 

The importance of a soundly based forecast of product demand was
 
clearly recognized by the Ministry of Energy (MOE) when it first
 
decided to commission a study of modification options for the EAOR
 
Refinery at Mombasa. Pending selection and appointment of a
 
Consultant to undertake this study and in order to reduce the time
 
needed by the Consultant, the MOE formed an ad hoc Demand Committee,
 
including representatives of the Ministry of Economic Planning and
 
Development, each of the EAOR participating companies, and the MOE
 
itself. In a series of meetings early in 1982, the Committee
 
developed a preliminary forecast of product demand in Kenya and the
 
neighboring countries,
 

In the case of gasoline and kerosene demand in Kenya, the Demand
 
Committee was not able to reach a consensus on a single forecast. In
 
both cases, the Government representatives expected to see a higher
 
rate of demand growth in the future than was felt to be sustaiuaable by
 
Oil Industry representatives. For all other products in Kenya, a
 
single forecast was agreed by all parties represented on the
 
Committee, and a consensus was reached on future product demand in
 
the neighboring contiguous countries which lift product from Mombasa.
 

The work of the Demand Committee was made available to ADL on the 
initiation of our study program in Nairobi in late June. In both 
joint and individual discussions, each member of the Demand Committee 
shared openly with us the considerations which had been important in 
developing product demand projections. In the light of ADL's own
 
assessments, the product demand projection which we propose here
 
differs somewhat from the forecast made by the Demand Committee.
 
However, we would note the considerable benefit which
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we have derived from discussions with Demand Committee members on
 
their analyses and judgments, and we would record the value of this
 
preliminary work which provided a sound foundation for our study.
 

2. 	 Approach
 

In developing a product demand forecast for Kenya, we adopted the
 
following approach:
 

* 	 We assessed likely future demographic trends in Kenya, and
 
trends in economic activity by sector.
 

* 	 We projected the likely future contribution cf each major
 
energy source by sector of activity, in order to set the
 
contribution of oil products within the context of total
 
energy supply. This analysis reflected certain assumptions
 
on the possible future substitution of oil products by other
 
energy sources (described more specifically below) but
 
assumed that current pricing policies for different fuels
 
would not change significantly in the long term.
 

" 	 Taking account of the specific factors influencing growth in
 
demand for individual petroleum products, we next projected

demand for each product in each major sector of activity.
 
Ile then compared our total forecast of product requirements
 
with our projection of oil's total contribution to the
 
energy balance of Kenya and made the adjustments necessary
 
to bring the two projections into harmony.
 

" 	 We then compared aggregate product demand with refinery 
production potential at Mombasa, identified any
 
modifications to Kenyan product pricing relationships or
 
other energy policies which appeared desirable to avoid
 
excessive imbalances between refinery output and demand,
 
assessed the possible impact of such policy changes and
 
revised our demand projections accordingly.
 

Our general approach to product demand forecasting In the other
 
contiguous markets was similar, except that we did not create a
 
systematic projection of demand for all energy forms but relied on
 
other reports to provide us with this energy context and focussed our
 
attention on assessing the reasonableness of the projections made by
 
the Demand Committee.
 

In the course of preparing our product demand forecast, we held
 
discussions with the Ministry of Energy and other Government agencies;
 
we interviewed all the Oil Companies operating in Kenya, including
 
both the EAOR owners and the non-EAOR marketing companies. We also
 
interviewed all major fuel users in Kenya and undertook a limited
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number of interviews with representative smaller users. We also
 
approached 
a number of people outside East Africa, in trading
 
companies, financing institutions, etc. who enhanced our understanding
 
of the prospects for economic growth in Kenya and the neighboring East
 
African countriee.
 

A number of professionally researched analyses of various aspects of
 
the energy market in Kenya have been produced during recent years.
 
Among the more recent are reports by the Beijer Institute, Fidimi, the
 
World Bank and Lawrence Berkeley Laboratories. It was not our remit
 
to undertake yet another detailed analysis of the overall patterns of
 
future energy use in Kenya, but rather to focus on the specific
 
requirements for oil products. Accordingly, in developing a
 
background understanding of the role of oil in the overall energy
 
balance, we drew heavily on these previous studies.
 

B. PRODUCT DEMAND IN KENYA
 

1. Economic Overview and Perspectives
 

Over the period from 1976 to 1981, Kenya's economy grew at an average
 
rate of some 5.5% per annum. Industrial output showed a particularly
 
marked increase of some 8.5% per annum, while agricultural production
 
increased at only 3.5% per annum. Nevertheless, in 1982, despite the
 
growing importance of industry, the Kenyan economy still depends 
on
 
agriculture for about one third of gross domestic product.
 

A Government projection of economic growth prepared In June 1982
 
envisaged a GDP rate of growth over the long term of approximately 5%
 
per annum. Industry was expected to continue to expand more rapidly
 
than the rest of the economy, at 6% per annum, while the agricultural,
 
commercial and transportation sectors were forecast to grow at a rate
 
slightly below the growth in total GDP. These projections are shown
 
in the right hand column in Table I-I. Consistent with this mid-1982
 
Government forecast, we developed a product demand forecast which is
 
referred to as the "High Growth Variant" in this study.
 

We noted however that the Demand Committee took the consensus view
 
that it would be more conservatively realistic to base any analysis of
 
a major refinery investment on a somewhat lower economic growth rate.
 
We agree with their opinion that a growth rate of around 3.5% per
 
annum provided an appropriate planning basis for the coming decade,
 
taking into account the following constraints on economic expansion:
 

0 Very real difficulties have been encountered and can be
 
expected to persist in accelerating agricultrral growth 
both in increasing the arable area avalable through
 
irrigation and drainage and in increasing he productivity
 
of existing arable land.
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TABLE 1-1 

KENYA 

ECONOMIC OVERVIEW AND PERSPECTIVES 

rTP Growth Rates (%V.a.) 
1976-1981 1982-1995 

Demand Committee Government/ADT, 
ADT, Base Case/ flih Growth vnriant 

Agriculture 3.6 3.4 4.8 

Industry 8.4 4.1 6.1 

Commercial 5.9 3.4 4.8 

Transportation 6.5 3.4 4.8 

TOTAL 5.4 .. 5 5.0 



" 	 Export earnings will remain heavily dependent on coffee, tea
 
and tourism. ,ernational prices in coffee and tea are at
 
best likely to :,emain stable and may even show some
 
weakening in real terms; we expect Kenya's tourism earnings
 
to be fairly stagnant in the: coming few years.
 

" 	 Kenya has recently reformulated its induetrial development 
policy, attaching less importance to import-substitution 
industries and promoting investment preferentially in 
industries maximizing the use of domestic resources - with 
the aim of developing exports of industrial goods on this 
basis. Successful implementation of this declared program 
of industrial reorientation is likely to take a period of 
several years, during which industry may have difficulty in 
providing dynamic leadership to Kenya's economic growth.
 

" 	 Associated with these sectoral constraints on growth is the 
likelihood of a consistent severe imbalance in the balance 
of payments and of consequent constraints on the 
availability of foreign exchange for investment and purchase 
of supplies.
 

In the light of these considerations, we have assumed a long term GDP
 
growth rate of 3.5% per annum in preparing our Base Case product
 
demand forecast. As shown in Table I-I, we have allocated this growth
 
across 
the major economic sectors reflecting the relationship between
 
sectoral growth rates as used in the Government's own forecast.
 

Insufficiency of foreign exchange reserves has recently led the
 
Government of Kenya to impose restrictions on oil imports into the
 
country. We would note that, in preparing our product demand
 
forecasts, while foreign exchange constraints have been a factor in
 
influencing us to adopt a relatively modest GDP growth assumption, we
 
have assumed that over the longer term, the Government will not have
 
to intervene to restrict oil consumption through rationing, import

restrictions, etc. Thus our demand projections have not been made in
 
a supply-constrained environment. During 1982 the situation 
had
 
deteriorated however and refinery crude runs have had to be curtailed.
 

2. 	 Demographic Trends
 

The population of Kenya is reported to be growing at a current rate of
 
approximately 3.9% per annum. This rate of increase 
of course
 
reflects not only a high birth rate, but also a rapid increase in life
 
expectancy, as improved standards of health care are made available to
 
a larger proportion of the population. We feel that the net rate of
 
increase in population is unlikely to be significantly moderated
 
during the 1980s and early 1990s and we have therefore assumed that
 
the population will continue to grow at 3.9% per annum.
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Given the Base Case assumption of a GDP growth of 3.5% per annum, this 
clearly implies a drop in GDP per capita and in living standards 
which is likely to selectively affect the low and middle income 
groups. 

In considering trends in consumption of domestic fuels, it is also
 
necessary to examine the likely rate of change in the number of
 
households, as well as population per se. The Beijer Institute has
 
made a careful study of trends in household size and has prepared
 
projections of growth in the number of households in Kenya which are
 
included in the following insert. They reflect clearly the drift in
 
population from rural areas to urban communities. We have adopted
 
these Beijer Institute projections for our demand analysis.
 

Demographic Assumptions
 

% per annum
 

Population growth 3.9
 

Growth in number of households:
 

" Rural 3.3 
" Urban 7.8 
" Total 4.6 

Source: BeiJer Institute 1982 reports.
 

3. Overall Energy Balance
 

a. Current Situation
 

Petroleum products today represent only some 20-25% of total energy
 
consumption in Kenya. Although the only forecast required as output
 
from our study is of petroleum product demand, we felt it necessary to
 
develop a general perspective on the contribution of non-petroleum
 
energy sources in order to provide a context for the oil demand
 
forecast. Accordingly, based to some extent on our own investigations
 
but drawing heavily on a critical comparison of previous reports by
 
other analysts (notably the Beijer Institute, Fidimi and the World
 
Bank), we have developed an approximate estimate of the mix of energy
 
use in Kenya today as shown in Table 1-2.
 

Although measurement of consumption of non-commercial and
 
semi-commercial fuel wood and charcoal poses considerable problems, it
 
is clear that they dominate Kenya's energy balance, especially in the
 
household sector. Table 1-2 demonstrates clearly Kenya's
 
vulnerability to the depletion of wood resources and the overriding
 
importance of major reforestation efforts. It is clear from this
 
breakdown of consumption in the household sector that the current
 
contribution of petroleum products, primarily kerosene and LPG in this
 
sector is trivial since they amount to less than 2% of total energy 
use in this sector. 
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TABLE 1-2
 

ESTIMATED 1982 ENERGY DEMAND TN KENYA
 

(Thousand tons oil equivalent*)
 

Pouseholds Commercial Industrial Transportation** ApTlculture Total 

Fuelwood 4130 380 770 70 5350 

Charcoal 575 270 - - 845 

Coal/coke - - 50 - - 50 

Petroleum products 85 125 540 1080 90 1920 

Electricity 30 40 75 - 5 150 

TOTAL 4820 815 1435 1080 165 8315 

* 1 ton oil equivalent = 41 million 13TUs 

** Including International bunkers 



Petroleum products account for some 80% of commercial fuels, of which
 
over half is used in the transportation sector, where there is little
 
scope for replacement by other fuels. However, a significant part of
 
petroleum use in industry could be 
replaced by coal and electricity.

The potential impact of these alternative energy sources on future
 
petroleum product demand is discussed more fully below.
 

b. 	 Underlying Future Trends
 

To provide a framework for the petroleum product demand forecasts, we
 
have developed similar energy matrices for future years, using the
 
sectoral energy growth rates 
shown in Table 1-3. These growth rates
 
are based on the following perceptions:
 

* 	 We expect some improvement in the efficiency with which
 
Industry uses energy, while recognizing the technical and
 
financial obstacles involved. 
 We have assumed a total
 
reduction of 5% over 
10 years in the level of energy demand
 
associated with existing industrial output, and that
 
incremental energy use per unit of output will be 10% 
lower
 
than current levels.
 

" 	 Energy use in Transportation is predominantly in road
 
vehicles. In line with trends in other parts of the world,
 
we expect new vehicles added to the fleet to be markedly
 
more efficient in their 
use 	of fuel than earlier models.
 
With 	more gasoline-efficient motor cars and the progressive
 
modernization in the long term of the truck and bus fleet,
 
we expect relatively low growth in transportation fuel
 
requirements.
 

" 	 Energy use in the Commercial sector is expected to grow 
approximately in line with GDP. 

" 	 We have assumed that increase in energy consumption in the 
Household sector will be constrained by low income growth to 
a rate of increase somewhat lower than that of the number of 
households, especially in the Base Case, which is 
characterized by relatively low GDP growth. 

* 	 Growth in the agriculLural sector will result mainly from
 
expansion of the rural population. On average, there may
 
even be a regression in farming methods, with commensurate
 
low growth in energy use, especially in the Base Case
 
forecast.
 

c. 	 Fuel Substitution
 

A number of investments are already being made which will have 
the
 
impact of reducing the demand for oil products because of replacement

by other energy forms. In preparing our foreeast of petroleum product

demand, we have taken into account the following developments:
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TABLE 1-3 

GDP AND ENERGY DEMAND GROWTH BY SECTOR 
(% p.a.) 

ADL Assumptions 1982-1995 

BASE CASE HIGH GROWTH VARIANT 

GDP Growth Energv Growth GDP Growth Energy Growth 

Households 3.5 3.8 

Agriculture 3.4 2.0 4.8 4.0 

Industry 4.1 3.5 6.1 5.3 

Commercial 3.4 3.5 4.8 4.8 

Transportation 3.4 1.0 4.8 2.0 

TOTAL 3.5 3.2 5.0 4.0
 



0 Implementation of EAPL's geothermal and 
hydroelectricity
 
programs. Specifically, 
 the three Olkaria geothermal

stations, of 
15 11W each, are assumed to be commissioned by

1985. In addition the 140 MW Kiambere and the 
120 MW
 
Turkwel hydro stations are assumed to be completed in the
 
mid to late 1980s (currently expected commissioning dates
 
are 1987 and 1989 respectively). As a result, by about 1986
 
or 1987, the 
Kipevu oil fired station will no longer be
 
needed In years of normal rainfall. (We understand that it
 
may be kept on standby for use in the one-year-in-ten extra
 
dry hydro season; 
 but we have ignored this occasional fuel
 
oil requirement in our demand forecast.)
 

0 Commissioning and operation of both the KCFC and ACFC
 
ethanol plants. We have assumed that they will operate at
 
approximately 80% efficiency, producing ethanol for gasoline

blending which will displace some 20,000 tons per annum of
 
conventional gasoline demand*.
 

* Coal substitution for fuel oil in 
the Bamburi and EAPC
 
cement plants, Pan African Paper Mills and a number of other
 
medium sized industrial plants. At the present time only

Bamburi Cement has yet embarked on a coal conversion
 
program. However, the underlying economic incentive to use
 
imported coal rather than fuel oil from the Mombasa Refinery

is strong, both from the point of view 
of the individual
 
company and for the 
economy as a whole. Consequently, we
 
believe it Is reasonable to assume that the other major
 
users named above, together with other medium/large

industrial plants where a boiler fuel is needed (breweries,

textiles, food processing, etc.) will over the longer term
 
convert to coal use. 
 Investment both in port facilities and
 
in additional rail capacity may be needed 
to support the
 
level of coal substitution which we are envisaging.

Consequently, replacement of heavy fuel 
oil by coal is
 
unlikely to have a major impact until about 1990. 
 Even
 
then, 
we have assumed that industrial plants not readily

accessible by rail will continue 
to use oil products - or, 
to a limited extent, wood-derived fuels. 

We have not allowed 
in our forecast for the electrification of the
 
Mombasa-Nairobi railway line 
 (which would eliminate approximately

20,000 tons per annum diesel demand); nor have we allowed for the
 
Mombasa-Nairobi 
product pipelin2 to be extended to Uganda. We note
 
that the replacement of oil movements 
now made by road by pipeline

pumping would marginally reduce diesel demand.
 

*Since preparation of this demand 
forecast in mid-1982, we have been
 
advised that construction work at 
the KCFC plant has ceased; future

successful operation of the plant 
appears somewhat doubtful at this
 
time.
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4. Product Demand Forecast
 

Based on the considerations described in the preceding section, we
 
prepared energy matrices for Kenya for 1985, 1990 and 1995 for both
 
the Base and High Growth Variant cases. Tables 1-4 and I-5 show these
 
projections for 1995, while Appendix I-A provides similar tables for
 
1985 and 1990.
 

Against the background of these overall energy balances, we dpveloped
 
projections of consumption of individual petroleum products, taking
 
into account considerations specific to each product as discussed in
 
Section 5 below. Relevant historical information on the evolution of
 
prod act demand in Kenya over the period 1972 to 19S2 is shown in Table
 
1-6; and Table 1-7 provides our assessment of the split of product
 
demand by sector in 1982. (In 1982 the oil industry in Kenya began to
 
collect data on sales of product by end-use sector; our estimate in
 
Table 1-7 is based on industry data for the first six months of the
 
year.)
 

The product demand forecast resulting from our analysis is shown by
 
sector for 1995 in Table 1-8 (Base Case) and Table 1-9 (High Growth
 
Variant). Similar forecasts for 1985 and 1990 are provided in
 
Appendix II-A. Tables 1-10 and I-1l summarize total petroleum product
 
demand in Kenya by product, showing actual figures for 1980 and 1981,
 
estimated figures for 1982 and our forecast for 1985, 1990 and 1995.
 
The estimated volumes for 1982 are ADL assessments based on industry
 
data for sales in the first six months of the year. They do not
 
therefore reflect any distortions resulting from the political unrest
 
experienced in August 1982 or from the measures recently imposed by
 
the Government to reduce crude oil imports.
 

In the Base Case demand forecast, total demand for LPG and gasoline
 
drops slightly over the period from 1982 to 1995, from 16.8% to 15.7%
 
of total product consumption. Middle distillates (kerosene and gas
 
oil) increase at 2.3% per annum and in fact increase their share of
 
the demand barrel from 47.7% in 1982 to 61.5% in 1995. This is
 
largely due to the expected 3% per annum decline in fuel oil demand in
 
Kenya because of coal. substitution; fuel oil and bitumen together
 
represent 35.5% of total consumption in 1982 but are expected to
 
account for only 22.8% of demand by 1995. As a result of the decline
 
in fuel oil requirements, total product demand in Kenya continues to
 
drop through the 1980s and is expected to recover to exceed today's
 
levels only by the wid 1990s.
 

In the High Growth Variant case, future demand for 311 parts of the
 
petroleum product barrel is higher than in the Base Case. In total
 
there is a modest positive growth rate of 0.7% per annum between 1982
 
and 1990, with further significant growth thereafter; but the
 
proportionate spread of demand across the barrel is fairly close to 
the Base Case - in 1995, LPG/gasoline represents 14.5% of demand, 
middle distillates 62.0% and fuel oil/bitumen 23.5%. 

Excluding aviation gasoline and lube oils, which will continue to
 
be imported. A
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TABLE t-4 

FORECAST 1995 NE.RrY DEIAND IN KENYA (RASP. CASE) 

(Thousand tons oil equivalent*i 

Households Commercial Industrial Transportation** Agriculture Total 

Fuelwood 6050 590 1150 75 7865 

Charcoal 1280 420 - - 1700 

Coal/coke - - 570 570 

Petroleum products 125 185 330 1235 1.5 2000 

Electricity 85 85 180 - 15 365 

TOTAL 7540 i280 2230 1235 215 12500 

* 1 ton oil equivalent = 41 million BTUs 

** Including international bunkers 



TABLE 1-5
 

PORECAST 1995 FNERrY DEMAND IN KENYA (PI(rv (ROWTR VARIANT)
 

(Thousand tons oil equivalent*)
 

'Fouseholds Commercial Industrial Transportation** AS2 culture Total 

Fuelwood 6280 690 1430 90 8490 

Charcoal 1325 510 - - 1835 

Coallcoke - - 760 760 

Petroleum products 135 215 415 1400 160 2325 

Electricity 90 90 195 - 20 395 

TOTAL 7830 1505 2800 1400 270 13805 

* 1 ton oil equivalent = 41 million RTITIs 

** Including international bunkers 



TABLE 1-6 

HISTORICAL PRODUCT DEMAND IN KENYA 

(thousand tons) 

1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 

LPG 

Premium Gasoline 

Regular Gasoline 

Illuminating Kerosine 

Jet Fuel 

Gas Oil 

Bunker Gas Oil 

10 

119 

95 

52 

220 

245 

19 

12 

136 

94 

56 

272 

263 

13 

13 

134 

98 

56 

253 

261 

17 

14 

135 

99 

55 

297 

258 

24 

14 

143 

100 

55 

323 

286 

16 

16 

164 

106 

65 

313 

297 

43 

17 

185 

1.05 

78 

329 

315 

30 

20 

194 

110 

88 

331 

348 

27 

21 

170 

130 

90 

367 

392 

15 

21 

149 

150 

89 

343 

375 

29 

21 

137 

149 

85 

322 

400 

16 

b 

Industrial Diesel 

Marine Diesel 

Fuel Oil 

Bunker Fuel Oil 

Bitumen 

43 

60 

466 

354 

31 

44 

79 

449 

359 

36 

41 

72 

439 

310 

28 

33 

47 

449 

212 

32 

45 

23 

506 

101 

30 

33 

31 

522 

107 

25 

29 

32 

457 

102 

19 

30 

49 

416 

172 

32 

39 

31 

434 

96 

33 

31 

30 

420 

123 

39 

33 

19 

467 

153 

31 

TOTAL 1714 1813 1722 1655 1642 1722 1708 1817 1819 1799 1833 

ADL estimate, based on first six months data 



TABLE 1-7 

KENYA 1982 PRODUCT DEMAND, BY SECTOR 

(Thousand tons) 

Residential Commercial Industrial Transport* Ariculture TOTAL 

LPG 7 10 4 - 21
 

Premium Gasoline - 137 - 137
 

Regular Gasoline - - 149 - 149
 

Illuminating Kerosene 73 7 
 4 - 1 85
 
I
 

Jet Fuel - 322 322
- -

Gas Oil 56 56 240 64 416
 

Industrial Diesel 
 10 20 19 3 52
 

Fuel Oil 33 411 162 14 
 620
 

Bitumen - 31 - - 31
 

TOTAL 80 116 526 1029 82 1833
 

*Including international bunkers
 



TABLE 1-8 

KENYA 1995 PRODUCT 	 DEMAND, BY SECTOR (BASE CASE) 

(Thousand tons) 

Residential Commercial Industrial Transport* Apriculture TOTAL 

LPG 1? 18 6 - - 36 

Premium Gasoline - - 132 - 'i2 

Regular Gasoline - 133 - 133 

Illuminating Kerosene 105 14 10 - 4 133 

Jet Fuel - -	 387 - 387 

Gas Oil 	 86 115 5195 591 

Industrial Diesel 	 14 29 90 5 68 

Fuel Oil 47 128 205 20 400 

Bitumen  36 - - 36 

TOTAL 	 117 179 324 1172 124 1916 

*Including international bunkers 



TABLE 1-9 

KENYA 1995 PRODUCT DEMAND, BY SECTOR (HIGH GROWTH VARIANT) 

(Thousand tons) 

Residential Commercial Industrial Transport* Agriculture TOTAL 

LPG 13 19 6  38 

Premium Gasoline - 142 - 142 

Regular Gasoline - - 143 - 143 

Illuminating Kernsene 113 20 16 - 7 156 

Jet Fuel - 444- - 444 

Gas Oil 100 125 360 120 705 

Industrial Diesel 15 36 20 6 77 

Fuel Oil 55 186 221 23 495 

Bitumen - 39 - - 39 

TOTAL. 126 209 408 1330 156 2229 

*Including International bunkers 



TABLE 1-10 

FORECAST OF PETROLEUPM' PRODUCT DEMAND IN KENYA 

BASE CASE 

(Thousand tons) 

Actual Estimate Forecast 

1980 1981 1982 1985 1990 1995 

L-
 21 21 21 24 29 36
 

Gasoline 301 299 286 260 260 265 

Illuminating Kerosene 90 89 85 94 112 133 

Jet Fuel 367 322 368344 351 387
 

Gas Oil 392 

-0 

376 400 440 500 565 

Bunker Gas Oil 15 29 16 20 23 26 

Industrial Diesel 39 31 33 36 42 48 

Marine Diesel 31 30 19 20 20 20 

Fuel Oil 434 467
420 330 195 205
 

1 Bunker Fuel Oil 96 123 153 160 175 195
 

Bitumen 33 
 39 31 33 35 36
 

TOTAL 1819 1801 1833 1768 1759 1916
 



TABLE I-I I 

FORECAST OF PETROLEUM PRODUCT DEMAND IN KENYA 

HIGH GROWTH VARIANT 

(Thousand tons) 

Actual Estimate Forecast 

1980 1981 1982 1985 1990 1995 

LPG 21 21 21 25 31 38 

Gasoline 301 299 286 270 275 285 

Illuminating Kerosene 90 89 85 98 124 156 

Jet Fuel 367 344 322 360 393 444 

Gas Oil 392 376 400 472 565 675 

Bunker Gas Oil 15 29 16 20 25 30 

Industrial Diesel 39 31 33 37 46 55 

Mlarine Diesel 31 30 19 20 21 22 

Fuel Oil 434 420 467 340 220 245 

Bunker Fuel Oil 96 123 153 170 200 240 

Bitumen 33 39 31 34 37 39 

TOTAL 1819 1801 1833 1846 1937 2229 



5. 	 Notes on Forecasts for Individual Products
 

a. 	 Gasoline and Gas Oil
 

Two trends are currently evident in the evolution of 
the Kenya road
 
vehicle fleet which, if not moderated, will lead to a decline in
 
gasoline consumption:
 

" 	 Over the last two years there has been a very sharp 
reduction in the total level of vehicle imports to Kenya. 

" 	 Government policy, expressed both through fuel pricing and 
specific regulations applied to vehicle importers, is 
strongly in favor of diesel-fuelled vehicles in preference 
to gasoline-fueled vehicles. 

In an effort to quantify the impact of these influences, our approach
 
to forecasting demand for automotive fuels was 
to model the evolution
 
of the vehicle fleet and automotive fuel consumption by:
 

* 	 Projecting the future vehicle fleet by year, by vehicle
 
type, by fuel type, based on (a) estimates of future vehicle
 
sales, (b) estimated scrappage curves.
 

* 	 Estimating average fuel consumption per vehicle, by fuel
 
type.
 

Data on the existing vehicle fleet, fuel consumption patterns and
 
sales in recent years are insufficiently reliable or complete to allow
 
a deterministic forecist to be prepared on the basis of this modelling
 
work. Nevertheless, we were able to establish 
a broad calibration
 
with historical fuel consumption, on the basis of which general future
 
trends can be forecast.
 

Assumptions
 

A key underlying assumption of our analysis is that sales of new cars
 
in Kenya will be limited to historically low levels by foreign

exchange constraints over the next several years. We assume that new
 
car 	sales will be limited to 2,500 per annum in 1982 and 
1983,
 
increasing to 5,000 per annum by 
1985 and returning to approximate
 
historical levels of 7,500 per annum only by 1987.
 

For each of the Base Case and High Growth Variant, we examined three
 
levels of dieselization of the vehicle fleet:
 

* 	 High - postulates continuation of the high gasoline/diesel
 
price differential and other incentives 
to promote diesel
 
sales. By 1987, 50 per cent of new cars plus 75% of light
 
trucks are assumed to be diesel-powered.
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* 	 Medium - postulates moderation of gasoline/diesel price

differential and other 
diesel incentives, such that 
diesel
 
car sales move 
closer to European proportions, though they

would still be higher than in most countries. By 1984, 25%
 
of new cars plus 40% of light trucks are assumed to be
 
diesel-powered.
 

0 	 Low - postulates some form of Government action being taken 
to reflect refining economics through much lower
gasoline/diesel price differentials and withdrawal of diesel 
promotion. From 	1981 onwards, 
15% of new cars are assumed
 
to be diesel-powered. 25% 
of light trucks are assumed to be
 
diesel-powered by 1984, (i.e., 
down 	from recent levels)..
 

Results
 

In the High Dieselization 
case described above - representing acontinuation of present policies 
- some 42% of the private car fleetin Kenya will be diesel-fuelled by the mid 1990s, and 70% of vans.
Gasoline demand will have dropped from a current level of 285,000 tons
 per annua to 130,000 tons per annum 
by 1995, while diesel

requirements (including trucks and buses) will have increased 

fuel
 
from 	a
current level of 190,000 tons per 
annum to 360,000 tons per annum.
The Medium Dieselization 
case 	also results in a major reduction in


gasoline requirements, in favor of diesel use.
 

Distillation 
of crude oil inevitably produces a certain 
minimum

proportion of naphtha (which can then 
be reformed into gasoline).
Elimination of a substantial proportion of gasoline demand means that,

if demand for other distillate products 
in Kenya and the neighboring

countries is be
to met 
from the Mombasa Refinery, a surplus of
gasoline (or naphtha) will arise which will have 
to be exported to
distant markets at relatively low netback values. 
 A preliminary

appraisal of likely gasoline/naphtha production at Mombasa Refinery
indicates clearly that the 
High and Medium Dieselization cases would
result in production of a gasoline/naphtha surplus; 
 and we therefore

decided to use 
the Low Dieselization 
Case 	in this study. In this
 case, by 1995, 14% of private 
cars 	in the fleet will be diesel-fuelled

and 26% of vans. Gasoline demand 
can be expected to drop slightly
from 	today's levels, but 
to a 	level still compatible with potential

refinery output; 
 and diesel fuel demand for road vehicles will show a

modest increase to 235,000 tons per annum by 1995.
 

It should be emphasized that, in 
this 	respect, we are developing a
forecast the realization of 
which depends on the implementation of
Government measures to modify the current attractions of diesel-fueled

vehicles compared with gasoline-fueled vehicles. 
 Such measures could
include modification of product price relationships to reduce diesel's

incentive, modification of vehicle price relationships through fiscal

intervention, volume limitations on importation 
of diesel-fueled
 
vehicles, or some combination of these measures.
 

1-21 	 /t ArthurD.Litde, Inc. 



The projection of gross gasoline demand resulting from the above
 
considerations has been adjusted downwards by 20,000 tons per annum to
 
reflect the addition of ethanol to the gasoline pool; it was also
 
adjusted upwards by 10,000 tons per annum to reflect the current level
 
of illegal imports into Kenya which Is assumed to cease in the longer
 
term.
 

The split of gasoline demand between premium and regular grades will
 
be determined largely the relative prices established by Government
 
policy. For the purposes of the refinery modification study, we
 
assumed that the current 50/50 distribution will be maintained in the
 
future.
 

In addition to the forecast of gas oil demand for on-the-road vehicles
 
described above, forecast total oil in
our of gas demand the
 
transportation sector includes an estimate of future sales to Kenya
 
Railways and to the bunker market. In addition, we projected growth
 
in gas oil requirements in Industry, Commerce and Agriculture, in line
 
with our assessment of future trends in total energy use in those
 
sectors.
 

b. Illuminating Kerosene/LPG
 

These products 
are used primarily in the household and commercial
 
sectors, where, as noted above, energy consumption is now dominated by

fuel wood and charcoal. Kerosene and LPG together represent only some
 
2% of energy use in these sectors. Any mechanistic calculation to
 
forecast the future fuel mix in these sectors risks leveraging the
 
impact of any incorrect assumptions heavily on to kerosene and LPC and
 
it is therefore preferable to make a considered judgement on the
 
relative impact of a number of qualitative factors which will
 
influence demand for these specific fuels.
 

Adequate supply of fuel wood and charcoal in the future will depend on
 
major reforestation efforts and improved efficiency of charcoal
 
conversion and distribution. On balance, we expect supplies of fuel
 
wood and charcoal to become less easy to obtain, and more highly
 
priced, especially in urban areas. This will encourage the of
use 

kerosene for cooking. With growth in urban households projected at
 
7.8% per annum, kerosene demand could increase rapidly.
 

However, we expect GDP to rise more slowly than population and that
 
therefore disposable income will drop. Furthermore, newly urbanized
 
families tend to be in poor social groups; the initial payment for a
 
stove and the relatively high cost of kerosene will continue to be
 
obstacles to its use. Indeed, 1981 price rises for kerosene appear to
 
have slightly dampened demand in 1982. On the other hand, we
 
understand that, in some urban locations, the cost of charcoal and
 
kerosene to the end user are similar.
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Less significantly, upper income households who may be less severely

restricted by financial constraints and who will have more flexibility
 
in income allocation, may replace kerosene with LPG or electricity 
and may replace LPG with electricity. Also, in rural areas,
 
electrification may displace some kerosene from lighting use, 
 but the
 
traditional scattered nature of rural habitation patterns tends to
 
limit the impact of this factor.
 

On balance, we expect fuel switching to have little net impact 
on
 
kerosene consumption. The main influence will be the growth in urban
 
households. For the economic reasons mentioned above, we expect

kerosene demand to grow more slowly than 
the number of households at
 
approximately 3% per annum in 
the Base Case and 5% per annum in the
 
High Growth Variant Case.
 

We note that the 
oil marketing companies in 'enva appear somewhat
 
reluctant to promote additiLnal kerosene sales at today's price levels
 
and that they have a greater incentive to sell this product to the
 
aviation sector. Achievement of the projected growth rates in the
 
domestic sector will thus depend on arrangements being made to ensure
 
that sales to this sector are not supply-constrained.
 

c. Jet Fuel
 

The pattern of air travel to/from/via Nairobi is fairly mature and
 
fuel lifting behaviour by airlines is stable. Most foreign operators
 
already appear to minimize liftings at Nairobi, within the limits of
 
safe operating practices, because of the relatively high prices

charged at Nairobi compared to alternative lifting points.
 

Future growth in traffic will depend on growth in Kenyan trad
(especially tourism) and, for about one-third of traffic, on growth in
 
travel to/from South Africa. Aggregate growth could be in the range

of 2-3% per annum. However, continuing improvements in aircraft fuel
 
efficiency mean that jet fuel liftings will 
grow more slowly. Demand
 
for jet fuel in Kenya has in fact shown very little growth over recent
 
years. Our initial forecast of jet fuel demand in Kenya used a 1.5%
 
per annum growth rate, with 1982 as the Base Year. Since 
this gave

results for the longer 
term very close to the Demand Committee
 
projection (1.0% per annum growth on the higher base level in 1981),
 
we retained the Demand Committee's projections in our analysis.
 

Kenya Airways' plan to introduce wide-bodied aircraft in a bid to
 
regain market share may give a short/medium term boost to demand until
 
traffic catches up with the capacity available; this is however
 
unlikely to distort our longer term projections. The only substantial
 
threat to jet fuel sales would be significant diversion of
 
international flights via alternative transit airports. Based on
 
discussions with a number of airlines currently using Nairobi airport,
 
this appears unlikely at the present time.
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d. 	 Fuel Oil
 

Table 1-12 summarizes our assessment of future fuel oil consumption in
 
Kenya, based on interviews with industrial 
users accounting for some
 
60% of inland fuel oil consumption. As noted above, large users
 
expect, in general, to have converted away from fuel oil to other
 
fuels by at least the late 1980s (EAPL to hydro/goethermal; cement
 
plants, paper mills, etc. to coal). 
 Fuel oil requirements of other
 
users are likely to grow gradually, if at all. Other things being
 
unchanged, economic 
growth could clearly lead to an increase in
 
demand. However, we also expect some conversions by medium and large
 
fuel users 
to coal, where a boiler fuel is needed (subject to
 
investment in the necessary port and transportation facilities for
 
coal imports). We have assumed that some 400,000 tons per annum 
of
 
potential fuel oil demand will, 
in fact, be met by approximately
 
600,000 TPA of coal by 
1990. This will require conversion from oil to
 
coal burning of most large Industrial plants, not only in the Mombasa
 
area but also In all locations which are rail-connected, as well as
 
the selection of coal 
as the fuel for all substantial new industrial
 
projects. Realization of this level 
 of coal use will require

considerable investment in port and rail transportation facilities as
 
well as in handling equipment at each of the factories involved.
 
Recognizing the time required for these 
 major infrastructure
 
developments as the likely short/medium term capital constraints 
on
 
many industrial companies in Kenya, we 
have provided for a relatively

modest level of coal conversion in 1985. However, we have taken 
the
 
view that by 1990, the strong economic attractions of coal use in
 
preference 
to oil will have justified a major conversion effort, if
 
necessary supported by government incentives. The rate and extent of
 
coal conversion will need to be optimized as a function of the level
 
of investments needed and we recommend that 
a study be initiated in
 
the near future to assess the costs and benefits of a major coal
 
conversion program. 
 (In this study the economics of coal use should
 
be assessed without allowance for payment of the 30% import tax
 
currently applicable which serves to distort 
and mask the real
 
economic advantage to Kenya of the proposed change of fuel.)

Furthermore, we believe that there 
may be significant further 
potential for improving the efficiency of energy use in industry 
though this will be constrained by: 

* 	 The relatively modern, fuel-efficient design of much of
 
Kenya's industrial equipment.
 

* 	 Shortage of foreign exchange for investment in fuel
 
efficiency improvements.
 

* 
 The fact that high oil prices have already encouraged energy
 
conservation for several years.
 

There may possibly also be scattered conversions from distillate fuels 
to residual fuel oil to benefit from the lower price of the latter 
although, here again, availability of foreign exchange and investment 
capital may be constraints. 
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TABLE 1-12 

FUEL OIL DEM,1AND IN KENYA - BASE CASE 

(Thousand tons) 

1980 1985 1990 1995 

EAPL 117 65 

Cement plants 105 45 10 10 

Other users interviewed 81 70 25 25 

Mis. industrial andcommercial users 131 150 160 170 

SUB TOTAL 434 330 195 205 

International bunkers 96 160 175 195 

TOTAL 530 490 370 400 



Offlift of bunker fuel oil will 
be highly dependent on the
 
international competitiveness of Kenya's bunker pricing. 
 There is

unlikely to be any major change in the size 
or type of ship using the

Port of Mombasa: container!.ation of major routes is already well

developed, and oil 
tanker traffic is unlikely to change radically 
although there is likely to be 
some decline in net oil movements as a
result of the refinery modifications currently being considered. 
 (We

have not established the magnitude of any possible increase in naval
 
use of the Port of Mombasa.) Assuming that bunker prices at Mombasa
 
are set so as to maximize sales, we have assumed an annual rate of

growth in bunker sales slightly lower than GDP growth. Base Year 1982

sales were estimated at 153,000 tons of residual bunker fuel oil.
 

e. Petroleum Coke
 

At an early stage in our study we give preliminary consideration to
 
the possibility of adding 
a delayed coker to Mombasa Refinery. The

coke product might be a suitable substitute for imported coal in

certain applications. However, investigation of potential outlets
 
suggested strongly that this possibility was not worth considering

further. The prime candidate for such coke use, 
cement manufacture,

requires a sulfur content not exceeding 2.5% by weight (based on 
our
discussions with Bamburi Cement). Cokes derived from Middle 
East
 
crude oils have a sulfur content of least
at 6-7% by weight. Such
 
cokes would need to blended in uneconomically small volumes with
 
imported low 
sulfur coal - or, alternatively, the coker feedstock

would need to be desulfurized to produce a lower sulfur coke product,

which would be prohibitively expensive. Finally, the coke might find
 
a limited export market, 
but the netback value would certainly be

extremely low given Mombasa's distant 
location from likely potential

markets.
 

In the light of these prelininary market findings and taking into
 
account the more attractive process options as outlined in Chapter

III, we decided not to examine a coking option for Mombasa Refinery in
 
any detail.
 

C. PRODUCT DEMAND IN UGANDA
 

1. Economic Overview and Perspectives
 

Uganda's economy has always been dominated by the agricultural sector.

However, until 
the early 1970s, the country also had a relatively

mature and efficient industrial sector, meeting most local needs for
 
manufactured goods, as well generating significant exports.
as 
 The

1970s saw a serious decline in the country's prosperity, with the

virtual collapse of 
commercial agriculture, expropriation of much of

industry, a sharp 
 drop in industrial output, and a severe
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deterioration of transportation systems and other infrastructure.
 
Gross Domestic Product (at constant 1966 prices) dropped from 7.3
 
billion Uganda shillings in 1970 to 5.9 billion Uganda shillings in
 
1980; and, over the same period, petroleum product requirements

dropped from 450,000 tons per annum to 190,000 tons per annum.
 

In a determined effort to bring the economy under control, the present

Government, in 1981, introduced a 
package of sweeping economic
 
reforms, including a 90% currency devaluation and substantial price

increases for oil products. In an environment where every effort is
 
being made to provide the structures needed for economic recovery,

existing slack capacity gives 
scope for very rapid growth. In
 
practice, however, realization of these plans for economic recovery is
 
subject to:
 

* 	 Persistent major uncertainties about the extent to which the
 
Government is able to maintain internal security and provide
 
an environment suitable for growth, and,.
 

* 	 The need for extremely rapid rehabilitation of physical
 
assets, infrastructure, management resources and the
 
necessary administrative framework.
 

Given prompt resolution of the security difficulties In the country,

it is likely that sufficient external financial help will be made
 
available to generate relatively rapid initial growth (say 7% per

annum to the mid 
1980s) providing a platform for continued expansion
 
at, say, 6% per annum thereafter. We have adopted this as one of 
our
 
two scenarios for petroleum product demand forecasts 
in Uganda and
 
describe it as the "Accelerated Recovery" case.
 

A more likely scenario, incorporated in our Base Case, will involve a
 
more sluggish growth rate to 1985 
(at, 	say, 4% per annum) with the
 
possibility of 6% per annum growth thereafter but, of course, 
from a
 
lower 1985 base than in the "Accelerated Recovery" Case.
 

Under 
both scenarios, we have assumed that energy consumption will
 
grow at a rate similar to GDP, implying that there is little scope for
 
improvement in efficiency energy at in
the of use, least the
 
short/medium term.
 

2. 	 Uganda Petroleum Product Supply
 

Traditionally, Uganda has imported practically all 
of its petroleum

product needs from Mombasa Refinery. This has given rise to 
concern
 
in the country about the extent of its dependence on transit
 
arrangements through Kenya and consideration has been given from time
 
to time to opening up alternative sources of supply. These have
 
included:
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" 	 From Dar es Salaam by rail through Tanzania and train ferry
 
across Lake Victoria. This route is regarded as vulnerable
 
to the deficiencies of the Tanzanian transport system.
 

" 	 From Dar es Salaam by pipeline to Uganda. Deliveries using
 
this transport mode would be logistically less fragile but
 
would remain strategically vulnerable to interference from
 
Tanzania; we are not aware that any detailed plans are being

considered to construct such a pipeline at this time.
 
However, if such a pipeline were to be constructed, Uganda

would presumably import a large proportion of its petroleum

product requirements using it and this would have a major
 
impact on liftings from the Mombasa Refinery.
 

• 	 From the Middle East or other offshore sources, imported via
 
Mombasa. This would liberate Uganda from Kenya's 
current 
influence on its product prices - but Uganda would need to 
secure Kenya's cooperation in facilitating the reception and
 
transit of such imported products.
 

It is our assumption that all of these alternative supply routes are
 
unlikely to be pursued and that product demand in Uganda will continue
 
to be met 
from the Mombasa Refinery for the foreseeable future. Our
 
economic analysis of refinery modifications at Mombasa will, however,

examine the sensitivity of our results to a lower 
demand level
 
reflecting the possible elimination of the need for Mombasa 
to supply

Uganda and other contiguous markets.
 

3. 	 Oil Demand Forecast by Product
 

Our forecast of oil product demand in Uganda is shown in Table 1-13
 
(Base Case) and Table 1-14 (Accelerated Recovery Variant Case). 
 The
 
following notes summarize the considerations underlying the forecasts
 
we have adopted:
 

* 	 LPG. Current demand for LPG demand in Uganda is very low
 
and high transport costs from Mombasa (or any other
 
conceivable sources) militate against significant growth in
 
demand for this product. In effect, it is
 
supply-constrained.
 

* 	 Gasoline. The economic situation is unlikely to favor rapid

expansion of the private vehicle fleet. 
 Growth in demand is
 
assumed to be slightly below the GDP growth rate (except in
 
the Accelerated Recovery 
Variant Case, where relatively

favorable prospects for private consumption may result in
 
growth rates similar to GDP beyond 1985).
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LPG 

Gasoline 


Illuminating 


Kerosene
 

Jet Fuel 


Gas OilIDO 


Fuel Oil 


Bitumen 


TOTAL 


1980 

1 

77 


42 


4 


58 


13 


-


195 


UGANDA 

BASE CASE 

1981 

1 

50 


22 


19 


49 


20 


-


161 


TABLE 1-13 

OIL DEMAND BY PRODUCT 

"FALTERING REHABILITATION" 

(Thousand tons) 

1985 1990 

% p.a. % p.a. 
growth growth 


from from 
1981 1985 


1 (-) 1 (-) 

56 (3) 72 (5) 

25 (4) 31 (4) 

22 (4) 32 (8) 


57 (4) 77 (6) 


35 (15) 50 (7) 


2 5 (20) 


198 (5.3) 268 (6.2) 


1995 

% p.a. 
growth
 

from 
1990
 

1 (-) 

92 (5) 

37 (4) 

48 (8)
 

103 (6)
 

70 (7)
 

8 (10)
 

359 (6.0)
 



LPG 

Gasoline 

Illuminating 
Kerosene 

Jet Fuel 

Gas Oil 


Fuel Oil 


Bitumen 

TOTAL 


1980 


1 

77 

42 


4 

58 


13 


195 


TABLE 1-14 

UGANDA OIL DEMAND BY 

"ACCELERATED RECOVERY" 

(Thousand tons) 

1981 1985 


%p.a. 
growth 

from 
1981 

1 1 (-) 

50 60 (5) 

22 27 (5) 

19 25 (7) 

49 64 (7) 


20 40 (19) 


- 3 

161 220 (8.1) 


PRODUCT 

VARIANT 

1990 


1 

81 

34 


37 

86 


60 


6 


305 


% p.a. 
growth 

from 
1985 


(-) 

(6) 

(5) 

(8) 

(6) 


(8) 


(15) 


(6.8) 


1995
 

% p.a. 
growth 
from 
1990 

1 (-)
 

108 (6)
 

44 (5)
 

55 (8) 

115 (6) 

80 (6) 

10 (11) 

413 (6.3)
 



0 Kerosene. For poorer urban families, and in areas without
 
electricity, kerosene is 
a product of primary necessity for
 
cooking and lighting. Consequently, demand for kerosene has
 
been comparatively less badly affected (comparatively) by

the events of the 1970s than the demand for ot. - products 
and the scope for rapid recovery is thus less dramatic.
 

* 	 Jet Fuel. Requirements are expected to grow rapidly (8% per

annum) 
from the mid 1980s, following rehabilitation of
 
essential infrastructure 
and the assumed restoration of
 
international confidence in Lhe country's security situation
 
and economic prospects.
 

* Gas Oil. Transnortation, industry and agricultural needs 
for gas oil will all grow as rehabilitation efforts take 
effect. Demand is assumed to increase at the same rate as 
GDP. 

0 	 Fuel Oil. Rapid recovery to 1'85 as factories are reopened.

Continuing fast growth thereafter 
with fuel oil as the
 
preferred boiler fuel for new industrial plants. Demand
 
will be constrained somewhat by 
the continued availability
 
of cheap hydroelectric power, a plentiful resource in
 
Uganda.
 

* 	 Bitumen. Major investments wil be 
needed to reconstruct
 
and repair the badly damaged road network in Uganda and 
we
 
expect a substantial growth in bitumen requirements compared

with the extremely low level of demand in recent years.
 

D. 	 PRODUCT DEMAND IN OTHER NEIGHBORING COUNTRIES
 

1. 	 Product Supply Patterns
 

In addition to Kenya and Uganda, other countries which are regularly

supplied from the Mombasa Refinery include Rwanda, Burundi, Southern
 
Sudan and Eastern Zaire. In general, we expect little change in
 
current 
supply patterns to these countries. Our specific assumptions
 
are as follows:
 

* 	 Rwanda/Burundi. 
 In the past, products have been imported to
 
Burundi from Dar es Salaam Refinery, via Lake Tanganyika.

The cost of transportation is lower than 
from MombasA, but
 
ex-refinery prices have been 
rather higher - and the rail 
link through Tanzania has been very unreliable. We assume 
that Mombasa will continue to supply most of Rwanda and 
Burundi's petroleum product requirements in the long term.
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* 	 Sudan. It now appears that the new 25,000 BPD refinerv
 
which Chevron proposed to construct at Kosti may not be
 
built. In any case, even if a refinery in this area is
 
brought into operation, it will be too far north to have
 
much impact on the remote area of southern Sudan now
 
supplied from Mombasa; thus this demand will continue to be
 
met from Mombasa.
 

* 	 Zaire. Eastern Zaire is supplied with products from
 
Mombasa, Dar es Salaam and Indeni. It is conceivable that
 
the proportions of demand supplied from these various
 
sources could change in the future, but the volumes involved
 
are small and the impact on the Mombasa Refinery is likely
 
to be minimal.
 

0 	 Other Countries. We have assumed that the border between 
Kenya and Tanzania will remain closed. The current modest 
level of sales (mainly of gas oil and fuel oil) to 
neighboring overseas territories such as The Seychelles, 
Reunion, Mauritius, etc. will be impacted by increasing 
competition from Middle East Export refineries, and we have 
therefore assumed that such movements will decline to very 
low levels in the longer term. 

2. 	 Product Demand
 

Our forecast of product demand in these relatively minor markets is,
 
in general, closeky aligned with the Demand Committee's forecasts,
 
which take the mean of 1980 and 1981 imports from Mombasa as a basis
 
and assume sluggish growth (approximately 1% per annum) through the
 
long term. This forecast could prove over-pessimistic if higher rates
 
of economic growt1 are achieved. Indeed our economic growth
 
assumptions are significantly lower than the likely rate of population
 
growth, implying growing social tensions and pressure for economic
 
expansion. However, especially given the slight possibility that
 
alternative supply routes, by-passing Mombasa, may be adopted, we
 
consider our forecast to be appropriately conservative.
 

In two cases, our forecast differs somewhat from the view taken by the
 
Demand Committee. Whereas the Demand Committee projected a decline in
 
gasoline sales in Rwanda/Burundi, we have assumed a gradual increase,
 
giving a slightly higher level of total gasoline demand for the minor
 
markets. Also, as noted above, we expect fuel oil requirements in
 
offshore markets to decline sharply as Middle East export refineries
 
capture these outlets.
 

Our forecast of product demand in minor markets is shown in Table
 
1-15 (Rwanda/Burundi) and Table 1-16 (Sudan/Zaire/mIscellaneous). In
 
view of the relatively small quantities involved and the
 
uncertainties associated both with growth rates and with future supply
 
patterns, we have adopted the same projections for these markets in
 
both the Base and our High Growth Variant cases.
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TABLE 1-15 

PRODUCT DEMANID IN OTHER NEICHBORING COUNTRIES 

(a) RVIANDA/BURUNDI 

1980 1981 1985 1990 1995 

LPG 

Gasoline 44 49 46 47 48 

Illuminating Kerosene 1 4 2 2 3 

Jet Fuel 10 7 9 9 10 

Gas Oil 26 31 31 34 37 

Fuel Oil 5 7 6 6 6 

Bitumen 1 3 2 2 2 

TOTAL 87 101 96 100 106 



TABLE 1-16 

PRODUCT DEMAND IN OTHER NEIGHBORING COUNTRIES 

(b) SUDAN IZAIRE/MISCELLANEOUS 

1980 1981 1985 1990 1995 

LPG 1 

Gasoline 12 6 9 10 10 

Illuminating Kerosene 1 2 2 2 2 

Jet Fuel 8 5 7 7 8 

Gas Oil 43 31 38 40 42 

Fuel Oil 91 23 25 30 35 

Bitumen 1 1 1 1 

TOTAL 155 68 82 90 99 



E. TOTAL PRODUCT REOUIREMENTS EX-MOMBASA REFINERY
 

Our forecast of product in Kenya, Uganda and the
demand neighboring
 
minor markets is detailed by product in Table 1-17 (Base Case) and
 
Table 1-18 (High Growth Variant Case). Further details of these
 
summary tables are provided in Appendix I-A.
 

Due principally to the decline which we expect in fuel oil demand, 
the
 
total requirement for products from Mombasa Refinery shows very little
 
growth duri-g the 1980s in our Base Case projection, with some more
 
significant increase in demand occurring 
in the 1990s. Over the
 
period from 1981 to 1995, light distillate requirements increase by
 
0.4% per annum, middle distillate demand increases by 1.4% per annum,
 
while demand for fuel oil and bitumen declines at an average rate of
 
0.4% per annum (with a considerable decline to 1990 and recovery
 
thereafter).
 

In the High Growth Variant, total demand grows from 1981 to 1995 at
 
an average rate of 2.1% per annum. Demand for light and middle
 
distillates grows at 1.0% and 3.4% per annum respectively: while fuel
 

i
oil/bitumen demand shows a marginal ncrease to 1995 (although 1990
 
demand is somewhat lower than in ;981).
 

As shown in Figure I-1, however, the percentage split of demand among

different product categories is very similar in both our demand
 
scenarios. Residual demand drops from almost 30% to below 23% of
 
total requirements during the 1980s, while middle distillate demand
 
increases from 50% to almost 59%, with light distillates declining
 
slightly as a proportion of total demand. Thus the proportionate need
 
for residue destruction is broadly similar in both our demand cases.
 
It is also important to note that these changes will take place
 
primarily during the 1980's.
 

Table 1-19 and Figure 1-2 compare these ADL forecasts with other
 
recent forecasts of product requirements to be supplied by the Mombasa
 
Refinery. These exhibits show ADL's Base Case and High Growth
 
Variant; the forecast prepared by the Demand Committee, showing the
 
variation between the Government projection and the view taken by the
 
Oil Companies with respect to gasoline and kerosene demand; 
 and a
 
Shell forecast prepared in early 1981, for the TGU study.
 

Although the total volume of product demand forecast in the 1981 Shell
 
study considerably exceeds our forecast, the percentage split of
 
demand across the barrel is rather similar. On the other hand, while
 
the total volume of product demand forecast by the Demand Committee is
 
only slightly higher than out forecast, fuel oil demand continues to
 
represent a considerably higher proportion of total requirements - and 
middle distillate less - than we are now projecting based on our
 
assessment of likely substitution of coal for fuel oil in the
 
industrial and power generation sectors.
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TABLE 1-17 

SUMMARY OF PRODUCT DEMAND IN KENYA AND NEIGHBORING COUNTRIES 

BASE CASE 
(Tnousand tons) 

1980 1981 1985 1990 199 

LPG 22 22 25 30 38 

GASOLINE 434 404 371 389 415 

ILLUMINATING KEROSENE 134 117 123 147 175 

JET FUEL 389 375 389 416 453 

GAS OIL 534 516 586 674 773 

INDUSTRIAL DIESEL 70 61 56 62 68 

FUEL OIL 639 593 556 456 511 

BITUMEN 34 43 38 43 47 

TOTAL 2,256 2,131 2,144 2,217 2,480 



TABLE 1-18 

SUMMARY OF PRODUCT DEMAND IN KENYA AND NEIGIHBORING COUNTRIES 

HIGH GROWTH VARIANT 

(Thousand tons) 

1980 1981 1985 1990 1995
 

LPG 
 22 22 26 32 40 

GASOLINE 434 404 385 413 451 

ILLUMINATING KEROSENE 134 117 129 162 205 

JET FUEL 389 375 401 446 517 

GAS OIL 534 516 625 750 899 

INDUSTRIAL DIESEL 70 61 57 67 77 

FUEL OIL 639 593 581 516 606 

BITUMEN 34 43 40 46 52 

TOTAL 2,256 2,131 2,244 2,432 2,847 



FIGURE 1-1 

TOTAL PRODUCT REQUIREMENTS EX MOMBASA REFINERY 

1985 1990 1995 
High High High 

Percentage by 1981 Base Growth Base Growth Base Growth 
weight of Total Actual Case Variant Case Variant Case Variant 

Product Demand 
(excl. refinery 100 (2.13) (2.14) (2.24) (2.22) (2.43) (2.48) (2.85) (million tons) 
fuel and loss) 

90 LPG/Gasoline 20.0 18.5 18.3 18.9 18.3 18.3 17.3 
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DPK/GO/IDO 50.2 53.8 54.0 58.6 58.6 59.2 59.6 

50 

40 

30 

20Fu 
l Ol7. 

10 
Fiue 
Bitumen 

5 23.1 22.5 
/ 

23.1
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TABLE 1-19
 

COMPARISON OF RECENT FORECASTS OF PROnUCT
 

REQUIREMENTS EX MOMBASA REFINERY - 1990
 

(Thouqand tons)
 

ADL ADL Demand Demand 
Rase Case High rrowth Committee Committee 

Veriant GOK view nil Co's. 
View 

LPG 30 3? 29 29 


Gasoline 389 413 512 49.5 


Illuminating Kerosene 147 162 164 134 


Jet Fuel 416 446 420 
 420 


Gas Oil 674 750 


Industrial Diesel 62 67 


Fuel Oil 456 671
516 671 


Bitumen 43 46 46 46 


TOTAL 2217 ?.432 2553 2436 


*Excluding International bunker ,d'ls of fuel oil. 

Shell
 
(eArlv 1981)
 

34
 

524
 

179
 

449
 

844
 

69
 

403* 

80
 

2582* 
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FIGURE 1-2 

OF RBCEr FCREASIS OF' rMUC RFEJ1RIMS 
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Finally, the growing Importance of demand in Uganda to the Mombasa
 
refinery is demonstrated in Table 1-20. In 1981, demand in Uganda and
 
the other contiguous markets accounted for only 15.5% of total demand
 
but by 1995 wil3 account for 22.8%. Figures for the high growth
 
variant case show similar trends. The significant increase in crude
 
throughput to service these markets emphasizes their importance to the
 
refinery and leads to the conclusion that the Kenyan Government and
 
EAOR's Industry shareholders must ensure that Mombasa remains the
 
preferred supply source for the Uganda market.
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TABLE 1-20
 

PRODUCT REOUIREMENTS EX-ffOfIBASA REFIERY
 

1981 1985 1990 1995 

Base Case M Tons % M Tons M Tons % M Tons % 

Kenya 1801 84.5 1768 82.5 1759 79.3 1916 77.2 

'ganda 161 7.6 198 9.2 268 12.1 359 14.5 

Ruwanda/Burundi 101 4.7 96 4.5 100 4.5 106 4.3 

Sudan, Zaire and Other 68 3.2 82 3.8 90 4.1 99 4.0 

Total 2131 100.0 2144 100.0 2217 100.0 2480 100.0 

High Growth Variant 

Kenya 1846 82.2 1937 79.7 2229 78.3 

Uganda 220 9.8 305 12.5 413 14.5 

Ruwanda/Burundi 96 4.3 100 4.1 106 3.7 

Sudan, Zaire and Other 82 3.7 90 3.7 99 3.5 

Total 2244 100.0 2432 100.0 2847 100.0 
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CHAPTER II
 

TECHNICAL OPTIONS FOR MODIFICATION OF EAOR REFINERY
 

A. INTRODUCTION
 

This chapter discusses briefly the history, current operation and
 
mechanical condition of the EAOR refinery at Mombasa and outlines the
 
options available for overcoming the present processing limitations.
 
These limitations have led to an increasing imbalance between market
 
demand and refinery production.
 

For more detailed technical information on the various processing
 
options, reference should be made to Appendix IT-A.
 

B. ANALYSIS OF PROCESSING OPTIONS
 

1. Background
 

a. Product Imbalance
 

There has for sofie time been a serious imba. nce between the volumes
 
of the various petroleum products needed to satisfy demand it Kenya
 
and the contiguous markets served 
 by EAOR, and the production

capability of the existing Mombasa refinery. This imbalance is
 
expected to deteriorate in the future both because of the increasing
 
demand for middle distillates (kerosene and automotive diesel oil) and
 
light product at the expense of fuel oil and the inability of the
 
present EAOR refinery to modify its production slate to meet market
 
demand.
 

b. White Oil Rule
 

Under the Processing Agreements signed by 
EAOR with the users (the
 
marketing companies) FAOR has the right and obligation to process
 
crude oil 
so as to meet the full market demand for white products in
 
Kenya. Surplus capacity is then used to supply the contiguous East
 
African markets. Any remaining surplus products (primarily residual
 
fuel oil) must then be exported. This is referred to in this report
 
as the "White Oil Rule." Under this rule no white products may be
 
imported to Kenya by a signatory to an EAOR processing agreement
 
(without EAOR's permission and without payment of a forfeit processing
 
fee) until the maximum crude oil capacity of the refinery is reached.
 

The large differential between the landed cif cost 
of crude oil and
 
the fob price obtainable for exported fuel oil, provides a strong
 
incentive to reduce fuel oil 
exports and corresponding crude oil
 
imports, by installing additional processing facilities in the
 
refinery. The effect of such additional processing would be to reduce
 
the product imbalance at EAOR.
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In this study of processing o.-:ions, it has been assumed that the
 
White Oil Rule will be strictly applied up to the limit of refinery
 
crude oil capacity but a so-called "Black Oil Rule" case has also been
 
considered for comparison purposes. In this case no new processing
 
facilities are added to the refinery but it is operated at a crude
 
intake which is just sufficient to meet black oil demand in Kenya and
 
the contiguous markets. The resulting deficiencies of white oils are
 
then made-up by imports.
 

The Black Oil Rule case, therefore, involves a much reduced crude oil
 
input and only one of the two EAOR refinery complexes would need to be
 
operated.
 

c. Fee Basis
 

The refinery operates on a "processing fee" basis and therefore does 
not take title to any crude oil or products. The individual marketing
 
companies import crude oils which the refinery processes on a
 
so-called "deemed yield" basis, for an agreed processing fee. Product
 
yields are agreed between the parties before the crude oil is
 
processed. The marketing company which supplies the crude, receives
 
the pre-agreed yield but the products are not necessarily derived from
 
the actual crude supplied by that company.
 

All the marketing companies use the same product specifications, 
although special additives are sometimes employed to enhance product 
quality. 

d. Process Description
 

The EAOR refinery at Mombasa is of the so-called "hydroskimming" type,
 
consisting of atmospheric crude oil distillation, naphtha hydro
treating, reforming (Platfcrming) for gasoline octane improvement, and
 
hydrotreating of kerosene. There is no unit specifically designated
 
for hydrotreating LGO. There are two separate complexes, each
 
complete in itself with a CDU, Platformer and HDS units. Complex I
 
with nominal (Arabian Light) crude oil capacity of 2,412 10 MT/YR
 
(7,200 MT/SD) was commissioned in 1964, and Complex IT, with nominal
 
capacity of 1,474 10 MT/YR (4,400 MT/SD) was commissioned in 1974.
 
Nominal totrl capacity of the refinery is 11,600 MT/SD (77,000 BP/SD)
 
or 3.886 million MT/YR, based on 335 stream days per year operation.
 

The highest refinery crude oil throughput at an average daily rate of
 
8j,325 MT/SD, was reached in 1980. However, in 1981 and 1982 the
 
refinery has been operating at progressively reduced cru4e throughput
 
levels. Due to restrictions on the foreign exchange allocation for
 
crude oil, only one complex was in operation in late 1982.
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e. Crude Oil and Products Handling
 

Crude oil is received by pipeline from the tanker terminal at Port 
Reitz in Mombasa harbor located 5 miles from the refinery. The crude 
oil is imported in 50,000 to DWT tankers. There is an70,000 export 
fuel oil line from the refinery to the Port Reitz crude oil dock and a 
50,000-ton fuel oil tank at the dock lo used for loading fuel oil for
 
export into empty crude oil tankers.
 

There is a 14-inch white oil product pipeline from Mombasa to Nairobi
 
for shipping gasoline, kerosene and automotive gas oil. The pipeline
 
is independently operated by Kenya Pipeline Company. 
 Approximately
 
80% of the petroleum products sold in Kenya move through this
 
pipeline. Products are also sold into 
the local and coastal markets
 
from the Mombasa terminals and bulk plants.
 

f. Mechanical Condition
 

Housekeeping at the EAOR refinery is excellent, and the mechanical
 
condition and maintenance of the existing equipment Is satisfactory.
 
Based on a review of the 1980 J.G. White report and of the refinery
 
inspection records, and based also on discussions with refinery

personnel, Arthur D. Little considers that the be
refinery can 

adequately maintained through 1995 in a condition to warrant the
 
addition of a downstream process upgrading plant. Maintenance costs
 
In constant dollars will increase on b^th complexes, however, and
 
beyond 1995 replacement of nome major equipment on Complex I may be
 
required. Refinery offsites and utilities are generally adequate.
 

g. Local Factors
 

There are no site-specific factors that would preclude upgrading the
 
existing refinery and there is sufficient suitable land available for
 
the expansion. However, great difficulty and delay is being
 
encountered in obtaining necessary spare parts and supplies, due
 
primarily to the shortage of foreign exchange and 
its allocation. In
 
addition, the reliability of purchased power has been a serious
 
operating problem. Improvements in these areas will be essential If
 
modern processes are to be introduced at the refinery.
 

2. Process Selection
 

a. Processing Deficiencies
 

The EAOR refinery was originally designed to meet a product demand
 
slate closely matched to that obtained from simple crude oil
 
distillation.
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Three types of processing deficiencies in the present refinery 
now
 

need urgently to be considered and rectified:
 

* CDU limitations at higher crude oil intake rates,
 

Lack of, or inadequate, hydrodesulfurization (HDS) treating
 
facilities for Light Gas Oil (LGO), and
 

* Lack of any heavy oil conversion processing.
 

Of the above deficiencies the CDUJ limitations have already been
 
investigated by SIPM and we understand will 
be corrected as part of
 
normal refinery maintenance in the near future. Correction of 
the
 
other two processing deficiencies is the subject of the present study.

Several processing options, referred to as Cases 1, 2, 3, 3A and 4,
 
are presented in this study. A No Investment Case, involvirg no
 
changes to the existing refinery, has also been developed for
 
comparison purposes.
 

b. Inadequate LGO Treating Facilities
 

The existing refinery has no hydrodesulfurizing (HDS) unit
 
specifically for LGO. 
 Thus, the yield of LGO meeting the Automotive
 
Gas Oil (AGO) specification of 1.0% wt (max) sulfur, is strictly
limited to fractions which can be made directly from crude oil with 
this sulfur content. At lower crude oil throughputs there is some 
surplus kerosene HDS treating capacity available in Complex II which 
can be used to remove sulfur from LGO, thereby marginally increasing 
the net AGO yield.
 

In the ausence of crude oils of suitable quality The best way to
 
increase the yield of AGO, and thereby to more nearly meet demand for
 
this product in Kenya and the contiguous markets is to provide new HDS
 
treating capacity specifically for LGO. Assuming the design crude
 
selected for this study (90% Arab Light/10% Arab Heavy) in Case 1 this
 
is achieved indirectly by providing an inexpensive Merox unit for
 
treating kerosene, thereby releasing the existing Complex II kerosene
 
HDS unit for LGO treatment. In Case 2, a new HDS unit for treating

LGO is provided so that the LCO yield on the CDUs is not restricted by
 
sulfur content. A similar HDS unit for LGO is provided in Cases 3 and
 
3A.
 

c. Lack of Heavy Oil Conversion
 

As noted above, EAOR is a "hydroskimming" refinery, without any

facilities for processing residual oils. The absence of 
such heavy

oil processing facilities currently forces the EAOR refinery to
 
produce a high yield of fuel oil relative to demand in Kenya and the
 
contiguous markets. 
Cases 3, 3A and 4, each involve the addition of a
 
heavy oil processing plant to increase the yield of white products on
 
crude oil while reducing the yield of fuel oil.
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The process of making lighter products from heavy residual oils, such
 
as atmospheric residue, is known as cracking. There are basically
 
five 	kinds of cracking processes available, as follows:
 

Process 	 Feedstock
 

1. Thermal Cracking and Visbreaking Reidual oil
 
2. Thermal (Delayed) Coking 	 Residual oil
 
3. Catalytic Cracking 	 Vacuum gas oil
 
4. Hydrocracking 	 Vacuum gas oil
 
5. Resldue IHydrocracking 	 Residual oil
 

When necessary, two of the above processes may be combined (for

example, catalytic cracking with thermal visbreaking of the vacuum
 
unit short residue). Not all of the above process options were
 
considered in detail for the EAOR refinery.
 

d. Coking
 

In the present study, thermal (delayed) coking has been eliminated
 
because:
 

0 	 It produces a high-sulfur coke from Arabian crudes for which
 
there is currently no market in Kenya or the surrounding
 
areas, and
 

0 	 The other main product of coking is motor gasoline, whereas
 
incremental demand in Kenya and the contiguous markets is
 
primarily for middle distillates (kerosene and automotive
 
gas oil).
 

Coking, however, represents a relatively cheap method of reducing, or
 
even eliminating, the production of surplus residual fuel oil and its
 
use becomes increasingly attractive as the crude oil processed
 
becomes heavier. For example, if 100% Arabian Heavy crude had to be
 
processed in the EAOR refinery, coking would probably be the only

economic way of converting the residual oils to light products.
 

e. Catalytic Cracking
 

This process has been eliminated in the present study because its main
 
product is high octane motor gasoline. Some light gas oil (cycle oil)
 
is produced as well but this is relatively high in sulfur content and
 
also has a low cetane number (in the order of 35), making it a poor
 
component of AGO (cetane number 50, minimum). Special cracking
 
catalysts are available which tend to increase the yield of middle
 
distillates but the process primarily makes gasoline and would still
 
require gasoline exports in order to meet distillate demand.
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f. Residue Hydrocracking
 

This is a relatively new 
type of process and is effective in

converting high sulfur residual oil to middle distillates. Commercial
 
experience is, however, still quite limited. 
The projected 1995 white

oil demand can 
 be met with distillate hydrocracking (a well
 
established commercial 
process) while also eliminating fuel oil
 
exports; therefore, residue hydrocracking has not been considered for
 
the EAOR refinery.
 

g. Selected Processes
 

The two cracking processes considered in the present study are
 
two-stage Thermal 
Cracking (Cases 3 and 3A) and Hydrocracking (Case

4). The former is a well-tried process which is comparstively cheap

both to install and operate, but which requires considerable
 
downstream processing of the relatively low-quality products of the
 
conversion process.
 

In hydrocracking a substantial 
amount of hydrogen is added to vacuum
 
distillate 
under very high presiure in the presence of a catalyst.

High yields of high-cetane, low-sulfur light gas oil and of

high-smoke-point 
kerosene are achieved. Hydrocracking is the best
 
process available 
for making a high yield of good quality middle
 
distillates and a comparatively low yield of fuel oil. 
 It s,

howe.&er, a high technology option which is also expensive to install
 
and it requires a safe, reliable and efficient operating environment.
 

3. Basis Of Processing Studies
 

a. Selection of Crude Oil for Design
 

The crude oil selected to develop the design and capacity of proposed

new processing facilities has an important effect on the nature and
 
cost of these facilities. The comparative analysis of 
process

modification options presented in this study was based on processing a

mixture of 90% wt Arabian Light crude and 10% wt Arabian Heavy crude,

and the new units were sized to run this crude slate. This proportion

of Arabian Heavy crude was selected to provide a source of bitumen and
 
so as to represent the heaviest crude mix which would yield feasible
 
results in the No Investment Case without any process modifications to
 
the refinery.
 

Table 
II-I shows EAOR's crude oil intake statistics for the 5-year

period 1978 to 1982 (1st 9 months only). In 
1978 and 1982, average

crude oil gravity was 34.6 °API and the (critical) yield of long

residue was 40.8% wt. 
 In the years 1979-81 a much heavier crude was
 
run, however, with an average gravity of 33.6 'API and a long residue
 
yield of 42.5% wt.
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TABLE II-I
 

EAOR CRUDE OIL INTAKE (1978-1982)
 

(Thousand Metric Tons Per Year)
 

Long 

Residue 
°API 14t % 19781 19791 19801 19811 19822 

(Nine Months) 

Arabian Light 33.4 42.8 624.2 1068.2 876.0 785.2 577.6 

Arabian Medium 30.0 49.6 14.4 166.2 673.2 658.7 40.9 

Arabian Heavy 29.4 56.0 - - 73.5 75.5 62.0 

Aranian Light 33.4 43.0 542.9 123.6 - 67.5 53.8 

Iranian Medium 31.0 45.2 526.8 370.7 92.6 65.7 65.3 

Qutar Marine 36.2 36.5 427.8 379.9 523.6 34.2 -

Qutar Dukhan 40.2 32.7 259.7 - 52.0 52.6 64.8 

Zakum 38.8 33.3 136.0 257.4 282.9 50.9 46.3 

Murban 39.2 33.0 - - 63.8 584.7 447.4 

Kuwait 31.9 45.2 - 185.3 383.9 67,5 53.4 

Dubai 30.8 52.3 - - - 66.8 -

Oman 33.4 44.3 - - - 195.0 199.2 

Basrah 34.6 43.5 48.0 120.1 - - -

Abu Al Bukcush 31.5 44.5 - 57.2 - - -

Suez Mix 32.9 46.3 - - - - 104.2 

Slops 33.4 42.8 4.9 10.5 7.1 4.5 3.0 

TOTAL 2584.7 2739.1 3028.6 2708.8 1717.9 

TOTAL: MT/CD 7,081 7,504 8,275 7,421 6,293 

% Long Residual 40.8 42.0 42.7 42.7 40.8 
°API 34.,3 33.6 33.5 33.7 34.9 

*Includes spike 
1Facts and figures on refienry operations received from EAOR, July 7, 1982
 
2 1st 9 months 1982 data from EAOR February, 1983
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Table 11-2 shows a comparison of the crude slates considered in this
 
study, anid compares these as to gravity and long residue yield with
 
actuals in recent years.
 

It was not deeiied necessary to consider the use of a lighter crude
 
slate in any detail for process design or comparison purposes since it
 
is apparent that the refinery will produce less surplus fuel oil and
 
more light products, the lighter the crude slate. As a processing
 
refinery, EAOR has nc control over its crude slate (which is
 
presumably the result of system optimization by the individual user
 
companies) and thus it was felt that the design crude should be chosen
 
conservatively. In fact, once secondary processing equipment has been
 
installed at EAOR, the users will have a significant incentive to run
 
the heavier crudes. For comparative purposes the same crude slate has
 
been assumed in comparing the new processing options with the No
 
Investment case. However, it was recognized in making this decision
 
that the No Investment case would produce extremely unfavorable
 
material balances, particularly in the later years. It is unlikely,
 
therefore, that if the refinery were not modified, that this heavy
 
crude slate would be run at EAOR since the user companies would likely
 
supply light crudes at higher cost and avoid the punitive imports of
 
automotive gas oil which would have to occur to meet demand in Kenya
 
and the contiguous markets, when running an Arab Light type crude
 
slate. Therefore, so as to present a more realistic No Investment
 
analysis, and so as to ensure that the economics of the process
 
alternatives are not presented in a misleading fashion, two
 
alternative light crude cases were analyzed in the No Investment case,
 
so as to reflect the way in which EAOR would be run were no
 
modifications to be made.
 

It should also be noted that crude oil delivered to EAOR could be
 
spiked with light products (for example, automotive gas oil).
 
Although this would obviously reduce the processing investment
 
required to meet product demand, we do not feel that under the present
 
crude supply arrangements, spiking can be relied upon as a long-term
 
basis for the supply of the Kenyan market.
 

A sensitivity test was also conducted in which EAOR was assumed to be
 
supplied with a somewhat heavier crude mix, containing 75% wt Arabian
 
Light and 25% wt Arabian Heavy. This test was run for a single design
 
year only, simply to assess the operability of each case.
 

b. Selection of Base Year for ProCuct Demand
 

New refinery units should be sized to meet the projected demand some
 
four to five years after the new units are expected to be
 
commissioned. In the present case, it seems likely that final
 
financing agreements would not be completed before mid-1984 and more
 
probably early in 1985. Commissioning is then unlikely before early
 
1986 to early 1988, depending on which case is chosen. Since specific
 
market projections were made for the years 1990 and 1995, it was
 
decided to use the 1995 projected demand slate for process plant
 
sizing and design purposes.
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TABLE 11-2 

COPARISON OF STUDY CRUDE SLATES AND EAOR ACTUALS 

(Crude Mix: Ut 2) 

Wt Z ADL Study Cases EAOR Actu.1s 

"API 
Long

Residue 
Base 
Case 

Heavy
Crude 

Light Crude Slates 
75/25 50/50 1979/1980/1981 1978/1982 1978-1982 

Arabian Light 33.4 42.8 90.0 75.0 67.5 45.0 

Arabiqa He;-y 29.4 56.0 10.0 25.0 7.5 5.0 
Murban 39.2 33.0 0 0 25.0 50.0 

TOTAL 100.0 100.0 100.0 100.0 

Wt 2 Long Residue 44.1 46.1 41.3 38.6 42,5 40.8 41.9 

°API 33.0 32.4 34.6 36.1 33.6 34.6 34.0 



A sensitivity test using the 
lower 1990 projected product demand in
 
Kenya and the conti,-.ous markets is also presented.
 

Projected product 
demand rates for 1990 and 1995 corresponding with
 
the "Base Case" demand projection as defined in Chapter II of this
 
study, are shown in Table 11-3.
 

c. Product Specifications
 

For the purpose of the present study, it was assumed that various
 
recommended product specification changes for products sold in the
 
Kenyan market (see Appendix II-A, Section 3.4 for details) would be
 
adopted by the Government in the near future.
 

Critical specification changes are 
(1) kerosene, (single-grade) sulfur
 
content 0.25% wt max and (2) AGO, 90% 
point 365°C (t89*F) max, end
 
point 400*C (7520 F) max, flash point 150°F min and 
cetane number 50
 
min. In addition, the number of grades of fuel oil is reduced to four
 
and the viscosities and sulfur contents are somewhat relaxed.
 

Specifications 
for other products such as industrial diesel oil,

bitumen, LPG etc., 
are assumed to be unchanged.
 

d. Lack of Export Markets
 

It is usual practice, when comparing alternative processing schemes
 
for an oil refinery, to maintain a fixed oil input rate for each of
 
the process schemes considered. The implication is that the product

slate (derived from a fixed amount of 
a given crude oil) is the
 
primary variable and that there is a market for all products produced.

The situation at 
the EAOR refinery is quite different, however. The
 
market for petroleum products over and above demand in Kenya and the
 
co-4iguous markets is extremely limited. Kenya is a long way from any

major export market and, furthermore, Kenyan exports of petroleum

products would have 
to compete with exports frcm uch larger Middle
 
East refineries, where production costs will lower.
be Finally,

Kenyan port facilities are draft-limited and large tankers cannot be
 
used for either crude imports or product exports. Kenya is,

therefore, at a serious disadvantage in regard to the cost of
 
transportation, in making large volume product exports.
 

Our conclusion was that exports of petroleum products (except to 
the
 
contiguous markets) should be avoided as 
far as possible and that all
 
process schemes should be designed to meet only the projected pioduct

demand in Kenya and the contiguous markets. The only variable then
 
becomes the quantity of surplus fuel oil that 
the refinery is forced
 
to make for technical reasons associated with each particular

processing scheme. oil
Ciude intake is determined by the total
 
product requirements, including export fuel oil.
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TABLE 11-3
 

PRODUCT DEMAND PROJECTIONS
 
AS USED FOR TECHNICAL PROPOSALS
 

Thousand of Metric Tons Per Year
 

LPG 


Motor Gasoline
 
Premium (1) 


Regular (1) 


Subtotal 


192 


193 


Illuminating Kerosene 


Jet Fuel 


Automotive Gas Oil 


Industrial Diesel 


Bitumen 


Fuel Oils
 

Low Sulphur 


Inland 


Bunkers (3) 


Sub-total 


TOTAL 


1990 1995
 

30 38
 

192 207
 

193 208
 

385 415
 

147 175
 

416 453
 

674 773
 

62 68
 

43 47
 

25(2)
25(2) 


256 291
 

175 195
 

456 511
 

2217 2480
 

NOTES: 1. Assumed 50/50 split basis current demand.
 

2. Usad in Cement Plants. Estimate by Shell Oil Company
 

3. For sale in Kenya. Does not include surplus fuel oil.
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e. Optinum Crude Oil Intake
 

The best way to compare processing schemes for the EAOR refinery is to
 
design each scheme for its own optimum crude oil input rate. This
 
optimum rate may be defined as the lowest crude oil input rate at
 
which the demand in Kenya and the contiguous markets for specification
 
products can just be met. By definition, the amount of excess fuel
 
oil that must be exported will then be the minimum for that particular
 
scheme, and presumably the corresponding savings in foreign exchange
 
will be at a maximum.
 

f. Application of White Oil Rule
 

The White Oil Rule has been applied wherever possible in all the cases
 
studied. It should be noted that in two of the cases i.e., the No
 
Investment case and Case I, the crude oil input rate in 1995 is
 
limited by the maximum crude oil capacity of the existing refinery.
 
As specified in the Terms of Reference for this study (see Appendix
 
II) the crude oil input rate was not to be increased beyond this
 
maximum existing capacity. It was not possible to fully meet demand
 
in Kenya and the contiguous markets at this crude rate and it became
 
necessary to import some middle distillate (AGO). Fuel oil exports
 
are very high in these two cases but would have been even higher if
 
the crude input rate had been increased to the point where the white
 
product demand was fully satisfied by EAOR.
 

g. Basis of Processing
 

Cases 1 through 3A involve increasing the LGO desulfurization capacity
 
and hence improving the net yield of AGO on crude oil, while Cases 3,
 
3A and 4 involve the addition of long-residue conversion facilities in
 
order to increase middle distillate yields at the expense of fuel oil.
 
Cases 3 and 3A are based on long residue visbreaking and the thermal
 
cracking of recycle gas oil while Case 4 is based on hydrocracking, a
 
modern conversion process for maximizing the yield of middle
 
distillates. For further details on this subject, see Section 3.5 of
 
Appendix II-A.
 

4. Summary Of Processing Cases
 

A total of five processing cases have been studied, plus a No
 
Investment case in which no additions are made to the existing
 
refinery. In addition a so-called Black Oil Case is nonsidered
 
separately later in the study.
 

0 No Investment Case - No new equipment.
 

* Case 1 - New Merox unit for kerosene treating. 
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* Case 2 - New HDS unit for LGO treating. 

* 
 Case 3 - New Thermal Cracking (T/C) unit, plus new HDS 
unit for S-R LGO, plus H S scrubbing and
 
sulphur recovery facilities.
 

* Case 3A - New T-C unit with new HDS unit for both the 
S-R LGO and part of the T-C LGO, plus a small
 
package hydroget plant, as well as H2S
 
scrubbing and sulfur recovery facilities.
 

* Case 4 - New Hydrocracker, plus vacuum unit and large 
hydrogen plant and 12S scrubbing and sulfur
 
recovery facilities.
 

A summary of the above cases 
showing crude oil input, AGO imports (if

any) and fuel oil exports is shown in Table 11-4 and summary material
 
balances for each case are provided 
in Table 11-5 for 1995. Table
 
11-6 provides details of crude runs, AGO Imports and fuel oil exports

for each 
case by year from 1985 to 1990 and for 1995. Data for the
 
years 1991 - 1994 were obtained by extrapolation. Block flow diagrams

for each case are presented as Figures 3.5-1 through 3.5-5, in
 
Appendix II-A. Calculated and design capacities of the various
 
processing units in each case are presented in Table 11-7.
 

Technical evaluations 
of the various cases are discussed briefly

below, and more details are provided in Section 3.6 of Appendix II-A.
 

a. No Investment Case
 

It is assumed that no new process units 
are added to the refinery but
 
that the debottlenecking of the Complex II CDU 
has been completed.

The No Investment case 
is presented primarily to provide a reference
 
point for evaluating the modification options.
 

Using the design crude slate selected by ADL (90% Arab Light/10% Arab
 
Heavy) for comparative purposes the yield of LGO on crude oil is very

low (11% wt for Arabian Light crude) since it is strictly limited by

the 1% wt max sulfur specification for AGO. Because of this low yield

of LGO, 295,000 metric 
tons per year of AGO have to be imported in
 
1995, crude oil intake is at the refinery maximum of 3.886 million
 
metric tons the
per year and amount of surplus fuel oil for export

exceeds 1.5 million metric tons per year. Tha fuel oil 
exports are
 
equivalent to 40% wt of the total crude oil processed, and 
to 71% wt
 
of the net products from the refinery for sale in the domestic market.
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TABLE 11-4
 

EAOR REFINERY, MOMBASA
 

PROCESSING CASES STUDIED, 103 MT/YR - 1995
 

CRUDE (1) NET DOMESTIC AGO FUEL OIL REFINERY
 
CASE INPUT PRODUCTS (3) IMPORTS EXPORTS (4) FUEL & LOSS
 

No Investment Case 3886(2) 295
2185 1560 141
 
1. Merox Unit 3886 (2) 2417 63 1328 
 141
 
2. L.G.O. HDS 3750 2480 (3) nil 1110 160
 

3. T.G.O.
 

+ L.G.O. HDS (S-R) 

+ Sulphur Plt 3350 2480 (3) nil 665 188
 

3A. T.G.O
 

+ L.G.O HDS(S-R + T-C) 

+ Sulphur Plt
 

+ H2 Pit (Package) 3150 2480 (3) nil 462 191
 

4. Hydrocracker 2750 2480 (3) nil nil 253(6)
 

+ Vac Unit + H2 Pit
 

+ Sulphur Plt 

+ Power Generation
 

NOTES: 1. 90% wt. Light Arabian, 10% wt. Heavy Arabian
 
2. Max: Refinery crude input capacity (= 11,600 MT/SD)
 
3. Meets 1995 Kenya and contiguous market projected demand
 
4. Export P.O. Max Visc: 280f @ 500 C,'S'% wt. = 4.0 (max)
 
5. Sulphur export of 17.0 X10sMT/YR (Case 3, 3A and 4)
 
6. Includes 32 X 103 MT/YR loss in hydrogen plant (to CO2 ).
 



TABLE 11-5
 

1995 MATERIAL BALANCES - BY CASE
 

NO INVESTMENT 
CASE CASE 1 CASE 2 CASE 3 

CRUDE OIL INPUT 3886 3886 3750 3350 

Net Products 

LPG 38 38 38 38 

Motor Gasolines 415 415 415 415 

Kerosenes 628 628 628 628 

Automotive Gas Oil 478(1) 710(2) 773 773 

Industrial Diesel Oil 68 68 68 68 

Bitumen 47 47 47 47 

Fuel Oils (Domestic) 511 511 511 511 

Sulphur (Element) -- -- -- 17 

Net Total (Domestic) 2185 2417 2480 2497 

Fuel Oil (Export) 1560 1328 1110 665 

Net Total (For Sale) 3745 3745 3590 3162 

Refinery Fuel Gas 83 83 80 119 

Refinery Fuel Oil 58 58 80 68 

Losses (3) -- -- -- 1 

TOTAL 3886 3886 3750 3350 


NOTES: 1. Import of 295 10 MT/YR of AGO
 

2. Import of 63 103 MT/YR of AGO
 
3. Theorectical losses in H, Plant and Sulphur Recovery, only
 

CASE 3A 


3150 


38 


415 


628 


773 


68 


47 


511 


17 


2497 


462 


2959 


94 


S3 

4 


3150 


BLACK OIL
 
CASE 4 CASE
 

2750 14
 

38 14
 

415 127
 

628 225
 

773 198
 

68 68
 

47 47
 

511 511
 

17 -

2497 1190
 

nil nil
 

2497 511
 

110 5
 

ill 60
 

32 -

2750 1255
 



TABLE 11-6
 

REFINERY OPERATIONS - 1985-1995
 

Basis: Kenya and Contiguous Market, 103 MT/YR
 
90% Arab Light/10% Arab Heavy Crude Slate
 

1985 1986 1987 1988 1989 1990 1995 
No Tnvestment Case 

Crude Oil 3750 3825 3886(1) 3886(1) 3886(1) 3886(1) 3886(1) 
AGO Imports nil nil 8 40 72 100 295 
F.O. Exports 1465 1530 1585 1600 1620 1630 1560 

Case 1 1/1/86 80% for 6 months 

Crude Oil 3750 3375 3390 3460 3530 3600 3886(1) 
AGO Imports nil nil nil nil nil nil 63 
F.O. Exports 1465 1085 1085 1135 1190 1260 1327 

Case 2 7/1/87 80% for 9 months 

Crude Oil 3750 3825 3595 (2 3260 3290 3350 3750 
AGO Imports 
F.O. Exports 

nil 
1465 

nil 
1530 

5) 
1295 

2(2) 
945 

nil 
955 

nil 
1010 

l! 
1110 

Case 3 7/1/87 80% for 1 year 

Crude Oil 
AGO Imports 
F.O. Exports 

3750 
nil 
1465 

3825 
nil 
1530 

3455 
5(2) 

1140 

3275 (. 
16(2) 

950 

2935 
nil 
565 

3000 
nil 
590 

3350 
nil 
665 

Case 3A 7/1/87 80% for I year 

Crude 011 3750 3825 3390 3175 2750 2800 3150 
AGO Imports 
F.O. Exports 

nil 
1465 

nil 
1530 

5(2) 
1075 

16(2) 
850 

nil 
350 

nil 
415 

nil 
460 

Case 4 1/1/68 80Z for I year 

Crude Oil 3750 3825 3886 2720 2435 2450 2750 
AGO Imports nil nil 8(2) 8(2) nil nil nil 
F.O. Exports 1465 1530 1585 320 nil nil nil 

Notes: ()Refinery maximum throughput"-)See Appendix TI, Section 3.9.3 for explanatlon. 
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TABLE 11-7
 

CASES STUDIED
 
CAPACITIES OF PROCESS UNITS
 

DESIGN
 
MT/SD 3PSD
 

1000 8100
 

2540 18000
 

4578 30000
 

2376 17100
 

As required
 

31.5 	(each)
 

4143 27000
 

2570 18000
 

3.0 1.24 MIMSCF/SD
 

As required
 
31.5 (each)
 

2195 15003
 

4040 27000
 

65 27 MMSCF/SD
 

As required
 

31.5 	(each)
 

CASE 	1: 

Merox Unit 


CASE 2:
 

LGO HDS Unit 


CASE 3:
 

T-C Unit 


LGO (S-R) HDS Unit 


Amine (H2S) Scrubbing 


Sulphur (Claus) 2 units - 
(Production)
 

CASE 	3A:
 

T-C Unit 3767 24500 


LGO (S-R/T-C) HDS Unit 2307 16700 


H2 Plant (Productikn) - -


Amine (H S) Scrubbing - -

Sulphur jClaus) 2 units - -


CASE 4:
 

Hydrocracker 2075 13835 


Vacuum Unit 3367 22500 


H2 Plant (Production) 54 


H2S Scrubbing (Amine) - -


Sulphur (Claus) 2units 

(Production)
 

CALCULATED 

MT/SD BPSD 


800 6500 


2308 16900 


4180 27150 


2125 15550 
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b. Case 1
 

A new Merox unit is provided for treating (but not desulfurizing) part

of the kerosene, thereby releasing the existing Complex II kerosene
 
HDS unit for desulfurizing LGO. Kerosene from some crude oils cannot
 
satisfactorily be made into Jet fuel by Merox treating, although this
 
cestriction Joes not apply to the kerosene from the design crude oil
 
slate considered in this study. This could, however, be a serious
 
limitation on the flexibility of Case 1 to handle other crude oils.
 

The crude intake is at the refinery maximum (11,600 MT/SD), although
 
imports of AGO are down to 63,000 MT/YR. Fuel oil exports are 1.327
 
million MT/YR, equivalent to 34% wt on crude oil processed and 55% wt
 
on net domestic products.
 

c. Case 2
 

A new HDS unit for LGO desulfurizatior Is added. The yield of AGO is
 
no longer limited by the sulfur co,Itent of the untreated LCO leaving
 
the CDUs and can be increased up to the limits set by the new ASTM
 
distillation specifications for AGO. The crude oil input rate is
 
below the refinery maximum and product demand in Kenya and the
 
contiguous markets can be met without imports.
 

Fuel oil exports remain at over 1.1 million metric tons per year in
 
1995, equivalent to 30% wt on crude oil intake and 46% wt on net
 
product demand.
 

d. Case 3
 

A new S-R light gas oil 11DS unit (as in Case 2), plus a two-stage

Thermal Cracking (T/C) unit to process long residue are added. The
 
first stage of the T/C unit is a thermal visbreaker with soaking drum;
 
the second stage is a thermal cracking unit charging heavy recycle gas
 
oil (650-1000*F). 
This recycle gas oil is cracked to extinction.
 

The T/C LGO is unsuitable for AGO blending unless hydrotreated. Tn
 
general, however, there would be insufficient surplus hydrogen
 
available from the existing Platformers for hydrotreating this
 
material and all the T/C light gas oil in Case 3 is blended into fuel
 
oil. Fuel oil exports are reduced to 665,000 MT/YR, equivalent to 30%
 
wt on crude oil intake.
 

An amine scrubbing system to remove H2S from fuel gas, two Claus
 
sulfur plants and a sour water stripper are provided.
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e. Case 3A
 

This is a modification of Case 3. 
The new LGO HDS unit (see Case 3)
is increased in capacity and is designed to 
treat not only the S-R
light gas oil but also part 
,fthe T/C light gas oil as well. 
 A small
package-type hydrogen plant provides hydrogen 
for the new unit. An
in-depth study, however, 
may show that this auxiliary source of
hydrogen 
is not needed if sufficient hydrogen 
can be obtained by
modifying the operating conditions of the existing Platforming units.
Fuel oil exports in 1995 are 
reduced to 462,000 MT/YR, equivalent to

14.5% wt on crude oil intake.
 

f. Case 4
 

This case involves the addition of a Vacuum unit, Hydrogen Plant and a
llydrocracker processing 
S-R heavy vacuum gas oil derived from 
vacuum distlllat.,n of long (atmospheric) residue. 
the
 

The proposed unit
is single-stage and designed for maximum middle distillate production.
 

The steam-reforming Hydrogen Plant is designed 
to charge naphtha (or
tops) as feedstock. This results in 
a more expensive plant than one
designed for a gas feed only, but naphtha is stored as a liquid and Is
a more reliable feed supply than refinery gas, the preferred feedstock
for hydrogen manufacture. The subject of hydrogen plant feed requires
further study, and it is possible 
that the best feed for hydrogen
manufacture would be a combination of refinery fuel 
gas with naphtha
 
or tops as back-up.
 

Crude oil input in 1995 is reduced to 2.750 million metric tons per
year (8,210 MT/SD) or about 
7i% of maximum refinery capacity, and the
 
export of fuel oi] is eliminated entirely.
 

Amine scrubbing and two sulfur recovery (Claus) plants 
are provided,
each having 60% of required total capacity. A new sour-water stripper

is included.
 

Due to the unreliability of purchased power and the critical need for
 an assured power supply with high-pressure Hydrocracking, a refinery
power generation plait has been provided in Case 4.
 

g. Phased Installation of Process Units
 

There 
 could possibly be some substantial advantages in phased
installation of two 
or more of the above cases if the refinery is to
 run a heavy, high sulfur 
crude slate such as 
that used by Arthur D.
Little as the 
basis of unit design and comparative analysis. 
 For
exaemple, Case 2 could be 
installed as 
early as possible as the first
step toward either Case 3 or 3A. 
The LGO HDS unit in Case 2 could be
modified to fit the requirements of either Case 3 or 3A, and could be
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installed without delay in order to take maximum advantage of the
 
benefits from Case 2 operation as soon as possible. The thetmal
 
cracking unit of Case 3 or 3A could then be installed later.
 

A phased installation which also seems attractive would involve (1)
 
installation of the low-cost Case 1 Merox unit for kerosene treating
 
at the earliest possible date, (2) installation -f the Case 2 LGO HDS
 
unit (modified for Case 3 or 3A) as the next step, and finally, (3)

installation of the Case 3 or 
3A thermal cracker. As noted elsewhere
 
(Appendix II-A, Section 3.6.4) there is a possibility that the
 
existing kerosene treating facilities may be overloaded in Cases 3 and
 
3A, and the Merox unit from Case 1 would resolve this problem.
 

.hile a detailed Aoalysis of phased installation was outside the scope
 
of this preliminary study, it should be further investigated at a
 
later stage.
 

5. Technical Considerations (Process)
 

Detailed discussions of various technical aspects of the different
 
cases are given in Appendix II-.A, Section 3.6. Presented below is a
 
brief resume of these findings.
 

a. CDU Yields
 

The CDU yields assumed for the purpose of the study are presented in 
tabular form in Appendix II-A, Table 3.6-1. The yield of LGO due to 
lower throughput when going from the Base Case (11,0% wt) to Case 1 
(15.78%) to Cases 2 through 3A (21.11% wt) is significant. Demand for
 
AGO in Kenyw and the contiguous markets increases from 23.7% wt in
 
1980 to 31.3% wt in 1995, expressed as a percentage of total market
 
demand.
 

Anomalous aspects of Case 4 CDU yields are discussed in Appendix
 
II-A, Section 3.6.
 

b. Fuel Oil Blending
 

The critical specifications for fuel oil are sulfur content and
 
viscosity. Specifications are met in all cases but fuel oil viscosity
 
is especially "tight" in Case 4. Tb situation in this 
case is
 
complex and involves the use of short zesidue as refinery fuel oil (in
 
a special hot circulation system which has been included in the
 
capital cost estimate). Fuel oil blending is discussed in detail in
 
Appendix II-A, Section 3.6.2.
 

In general, fuel oil blending problems get "easier" as more crude oil
 
is processed and, of course, more surplus fuel oil is produced.
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c. Hydrogen Balances and Hydrogen Manufacture
 

The hydrogen balance is satisfactory for Cases 1, 2 and 3, where the
 
hydrogen for HDS treating is derived as a by-product of catalytic
 
reforming (Platforming) of naphtha. In Cases 3A and 4, auxiliary
 
hydrogen is made in separate steam-reforming H2 Plants.
 

There is a possibility that the small package-type H Plant in Case
 
3A may not be nceded if sufficient hydrogen can be made available by
 
modifying the operation and type of catalyst used in the existing
 
Platformers. This subject should be studied in more detail in the
 
process definition stage. In any case, however, the cost of the
 
package-type H, plant included in the estimate for Case 3A, would
 
largely offset the cost of modifying the existing Platformers, if that
 
route 13 adopted.
 

As already notea, the selection of the best feedstock for the large

H Plant in Case 4 requires further investigation. For the purpose
 

the present study, a more costly design of H2 Plant capable of
 
charging naphtha or tops has been provided, but a lese expensive unit,
 
limited to charging refinery gas or (vaporized) LPG, may be found
 
adequate.
 

Use of naphtha or light tops as H Plant feed affects gasoline
 
blending; use of refinery gas as H2 Plant feed affects the amount of
 
refinery fuel oil (short-residue) required, and hence the composition
 
of the net fuel oil pool. In addition certain heaters in Case 4
 
require a sulfur-free refinery gas as fuel and cannot use heavy fuel
 
oil, which further complicates the problem.
 

d. Sulphur Release to Atmosphere in Flue Cases
 

Cases 3, 3A and 4 are provided with (a) amine scrubbing system to
 
remove H2S from refinery gas streams, and (b) two Claus sulfur
 
manufacturing plants, each rated at 60% to 70% of required capacity.
 
The purpose of providing two separate Claus units is to ensure that a
 
substantial capacity is available at all times, so as to avoid the
 
massive release of sulfur to the atmosphere that would otherwise occur
 
whenever a (single) sulfur plant were shut down for maintenance.
 

Assuming that only the gas streams from the new units are scrubbed (in
 
Cases 3, 3A and 4), the total sulfur released to the atmosphere as
 
SO2 is estimated as follows:
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Case Sulfur
 
MT/SD
 

No Investment Case 13.4
 
Case 1 
 15.0
 
Case 2 22.7
 
Case 3 12.2 (with H S scrubber)
 
Case 3A 
 15.0 (with H2 S scrubber)
 
Case 4 23.9 
(with H2S scrubber)
 

Further details are provided in Section 3.6.3 of Appendix II-A.
 

e. Kerosene Treating
 

Total existing kerosene HDS only
treating capacity is 1,900 MT/SD,

which is approximately equal to the 1995 projected demand for this
 
product. There is thus a possibility that kerrsene HDS treating

capacity may be tight, especially in Cases 3 and 3A due to the
 
introduction of (T/C) into existingthermally-cracked kerosene 
 :he 

kerosene HDS units.
 

Several possible solutions are suggested; one of the simplest womild be
 
to develop Case 3 or 
3A in phased steps, beginning with Case 1. The
 
Herox unit 
from Case 1 would then become available to provide

additional S-R kerosene treating capacity in Case 3 or 3A, thus
 
releasing HDS capacity for the T/C kerosene.
 

f. LGO Hydrotreating
 

In the No Investment Case and Case 
1, the yield of AGO is limited by

sulfur content of untreated LGO since nv 0CO HDS treating is
 
available.
 

No problems in meeting the sulfur specification for full range AGO are
 
envisioned 
for Cases 2 through 3A, in which new LGO HDS treating

facilities are included. In Case 4, however, no nev 'XOHDS treating

capacity is provided, and the sulfur content of the ACO product is met
 
by blending high-sulfur untreated S-R LGO with low-sulfur H-C LGO.
 

g. Motor Gasoline Blending
 

No problems are envisioned. A typical gasoline blend for 1995, based
 
on total demind for the 
premium and regular grades together, is
 
estimated as follows:
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% Wt MT/SD
 

Butane 
 1.1 13
 
Tops (S-R) 34.0 420
 
Platformer 64.9 800
 

Total 100.0 1239
 

No attempt has been made in this preliminary study to develop

individual motor gasoline blends and TEL contents for premium,

regular, special point-of-sale volatility etc.).
 

6. Offsites, Utilities and Tankage
 

The term offsites, including utilities and tankage, covers everything

in the refinery other than the process units. Definition of offsites,

utilities and tankaf ! is more difficult than for the process units,

since local factors play a large part. Proper definition can only be
 
developed through a comprehensive engineering review during the
 
detailed engineering phase when actual process equipment has been
 
selected.
 

Detailed information 
on Offsites, Utilities and Tankage is given in
 
Section 3.7 of Appendix II-A.
 

a. Offsites
 

Existing crude oil receiving facilities (docks, pipelines, pumps etc.)

do not need to be expanded. No increase is required in the existing

finished-product handling facilities (pipelines, pumps etc.,) except

that some new product tankage is provided. New interconnecting piping
 
is required in all cases.
 

Cases 3, 3A and 4 require new bunker-type control rooms, Additional
 
office and 
staff space is also required, particularly in Case 4. A
 
new high-elevation stack and new blow-down and flare system are also
 
necessary. 
Drainage capacity must be increased.
 

It is strongly recommended that additional personnel 
 training

facilitiEs and overseas training schemes should 
 be provided,

especially if Case 4 is selected.
 

b. Utilities
 

Suggested capacitief "or the additional new trtility generating plants

for each case are given in Table 11-8. Ex!Lsting utility plants and
 
the estimated utility requirements for each case are summarized in
 
Tables 3.7-1, 3.7-11 A, B and C respectively of Appendix II-A.
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At present all electric power for the refinery is parchased. However,
 
power reliability is very poor and it 
was decided to include refinery
 
power generation in Case 4, due to the high pressure, high temperature

equipment involved, and the consequent danger of a sudden power

failure. 
 The new 100-MW transmission line from Nairobi u7ill help, but
 
does not provide adequate spare capacity.
 

No new boilers are required, except ir Case 4, where 
steam is
 
generated at high pressure 
for power generation. There are large

waste-heat boilers in Cases 3 and 3A, associated with the T/C units.
 

Existing fresh water supply is 
considered adequate. The existing

cooling water system would need 
to be expanded for Cases 3, 3A and 4,
 
as 
shown in Table 11-8. Additional water-treating plants 
are also
 
required in these cases. Refinery fuel oil for Cases 3, 3A and 4 is
 
high-viscosity, heavy residual oil. (short residue in Case 4), 
and is
 
distributed via a special new hot refinery fuel-oil handling system.
 

c. Tankage
 

A list of proposed new tanks for each of the 
cases is shown in Table
 
11-9. A list of the existing tanks at the EAOR refinery and at Port
 
Reitz, is given in Table 3.7-V of Appendix II-A.
 

In determining the need 
for new tankage, the general philosophy has
 
been to provide at least 10 to 
12 days storage in most services. This
 
has resulted in a substantial number of new tanks, as shown in Table
 
11-9. 
 It is possible that the detailed engineering review referred to
 
above, could result in a substantial reduction in the number of new
 
tanks required.
 

Where considered appropriate, existing tanks have 
oeen transferred to
 
new services. An example is the use of 
an existing fuel-oil tank for
 
VGO feed to the Hydrocracker in Case 4. It must be 
stressed,
 
therefore, that the list of tanks given in Table 11-9 is quite

preliminary and is subject to future revicw.
 

d. Plot Plan
 

Proposeu general locations 
for the new process units, including new
 
tankage and utilities, for each of the cases, are shown on the Plot
 
Plan in Figure II-1. This Plot Plan is very preliminary at the
 
present time.
 

Soil conditions in the proposed construction area are good and no
 
unusual drainage problems are envisaged.
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TABLE 11-8 

NE UTILITY CAPACITIES - BY CASES 

NOTE: 	 Caaes 1 and 2 do noL require any additional utility
 
generation plant.
 

ADDITIONAL CAPACITY REQUIRED 

CALCULATED (1) INSTALLED 

CASE 3 

Water Treating (BFW), MT/hr 	 110 40 (2)
 
Power (purchased), transformer, 	 4 MW 1 @5.0 MVA 
Steam Boilers, MT/hr 	 - 70 None
 
C.W. system (incl. C.W.wwez3, 1470 2000 
Ref: F.O. Distrib. system (heated)MT/hr 11.5 (3) 7.0 
Instrument Air, SCFH -- 200 

CASE 3A 

Water treating (BFW), MT/hr 110 40 (2) 
Power (purchased), transformer, etc. 4.31 MW 1 @ 5.0 MVA 
Steam Boiler, MT/hr - 67 None 
C.W. System (incl. C.W. tower), 1570 2000
 
Ref: F..O. Distrib. system (heated), MT/hr 12.0 (3) 7.0
 
Instrument Air, SCPM 	 -- 300 

CASE 4 

Water treating (BFW), MT/hr 115 40 (2)
 
Power (purchased) -- None
 
Steam Boiler (Part of Power Generation) MT/hr 60 2 @60 MT each 
Power Generation (4) 	 7.55 MW 2 @ 7.0 MVA each
 

C.W. System, incl. C.W. Tower, 	 5500 7000
 
Ref: F.O. Distrib system (heated), MT/hr 13 (3) 10.0 
Instrument Air, SCFM -- 400 
Inert gas generator, SCFM -- 500 

NOTES: 	 (1) See Table 3.7 - II, Appendix It-A 
(2) Assumed 65% condensate makeup in all cases
 
(3) Figure based on 60% fuel oil.
 
(4) Assumed 85Z power factor, and 2 units each 80%
 

of full load.
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TABLE 11-9 

TANKAGE 

SERVICE NhT TANK CAPACITY 
m 3 bblB 

CASE 1 
Finished Kerosene 6500 40900 

CASE 2 
Finished Kerosene 6500 40900 
LGO HDS Feed 2 X 6500  13000 81800 
TOTAL 19500 122700 

CASE 3 
Finished Kerosene 6500 40900 
LGO/HDS Feed 2 X 6500  13000(1) 81800 
T-C Naphtha 3500 22000 
T-C Kerosene 3000 19900 
TOTAL 26000 104600 

CASE 3A Finished Kerosene 6500 40900 

LGO HDS Feed 2 X 6500 = 13000 81800 
T-C Naphtha 3000 19900 
T-C Kerosene 2500 15700 
TOTAL 25000 158300 

CASE 4 Finished Kerosene 6500(1) 40900,(. 
H-C Naphtha 4500 28300 " 1 
H-C Kerosene 8000 50300 
Vacuum Gas Oil 16000 (2 100600 ( 
Light Tops 2 X 500 1000 6300(2) 
TOTAL 36000 226400 

NOTE: 1. Floating Roof 
2. Spheres 
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7. Sensitivity Analysis - Heavier Crude
 

A blend of 25% wt Arabian Heavy and 75% wt Arabian Light crude oils
 
was selected for the sensitivity analysis of the impact of running a
heavier crude oil. 
 Details of the sensitivity analysis are given in
 
Section 3.8 of Appendix II-A.
 

The selected 
heavier crude is about the heaviest that could

processed satisfactorily in the upgraded 

be
 
EAOR refinery. A heavier
 

crude 
would result in the production of unmanageable volumes of
high-sulfur fuel oil exports, 
 unless additional facilities are
 
provided.
 

The results of the heavy crude oil sensitivity analysis are given 
in
Table Ii-10. 
 In all cases, the crude oil intake increases (to conform
 
with the White Oil Rule), except where this intake is already at the

refinery maximum. Similarly, fuel-oil also
exports increase as
 
compared with those in the design case.
 

8. Light Crude Alternatives for the No Iniestment Case
 

Two alternative light crude slates were developed for the analysis of
 
the No Investment case; the blends selected consist of:
 

* 
 67.5% Arab Light, 7.5% Arab Heavy and 25% Abu Dhabi Murban,
 
and
 

* 
 45% Arab Light, 5% Arab Heavy and 50% Abu Dhabi Murban.
 

Table 11-11 shows the key features of the material balance for each of

these slates in the No Investment option. Substantial exports of

surplus residual fuel oil take place in both cases, 
but imports of

automotive gas oil are all but eliminated with the 75% Design Mix/25%

Murban slate and are completely eliminated in the 50/50 case. 
Minimal
 
exports of gasoline will occur in the 1990's with both slates.
 

9. Black Oil Rule
 

Under the Black Oil Rule, crude 
oil intake to the refinery would be

restricted so as just to meet the demand 
for black oil in Kenya and

the contiguous markets. Deficiencies in the supply of white oils are
made up by imports. Details are provided in Section 3.10 of Appendix

II-A.
 

The material balance which results 
from the application of the Black

Oil Rule is shown in Table 11-12. Crude oil intake will be of the
 
order of one million metric tons per year with 
no fuel oil exports.

The required 
imports of white products are substantial and would
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TABLE II-10
 

SENSITIVITY ANALYSIS - HEAVIER CRUDE 

Quantities in 103 MT/YEAR 

CRUDE OIL INPUT AGO IMPORT FUEL OIL EXPORT 

10% Crude 25% Crude 10% Crude 25% Crude 10% Crude 25% Crude
 

No Investment Case 3886 (1) 3886 (1) 295 (2) 400 (2) 1560 1660
 

Case 1 3886 (1) 3886 (1) 63 (2) 150 (2) 1327 1400
 

Case 2 3750 3886 (1) nil 50 (2) 1110 1290
 

Case 3 3350 3450 nil nil 665 765
 
P-4 

Case 3A 3150 3300 nil nil 462 610
 

Case 4 2740 2950 nil nil nil 2(0
 

NOTES: (1) Maximum refinery (existing CDU's) crude input.
 
(2) White oil rule cannot be applied due to crude oil input limitations.
 



- - -

- - -

- - -

0 

75% Design Mix2/25% Murban
 

Crude Oil 


AGO Imports 


Gasoline Exports 


Fuel Oil Exports 


50% Design Mix2/502 Murban
 

Crude Oil 


AGO Imports 


Gasoline Exports 


Fuel Oil Exports 


1Refinery Maximum Throughput
 

S90% Arab Light/10% Arab Heavy
 

REFINERY OPERATTONS 1985-1995
 

Basis: 	 Kenya and Contiguous Markets
 

No New Investment
 

Alternative Light Crude Slates
 

1985 1986 1987 1988 


3240 3292 3345 3405 


982 1028 1069 1112 


2940 2987 3037 3095 


.......
 

693 733 772 814 


1989 


3480 


-

3 


1164 


3155 


-

854 


1990 1995 

3578 38861 

- 65 

8 16 

1228 1319 

3216 3630 

2 29 

884 1001 



TABLE 11-12
 

MATERIAL BALANCE 3 
BLACK OIL RULE - KENYA AND CONTIGUOUS MARKET: 10 MT/Y 

1985 1986 1987 1988 1990
1989 1995
 

I.D.O 56 58 60
57 59 62 68
 
Butanes 3b 40
39 41 42 42 47
 
F.O. (Domestic) 556 516
536 496 476 656 511
 
Ref. F.O. 60 60 60 60 60 60 60
 
Subtotal 690 67-2 65-6 63-6 61-8 600 666 
Crude Oil 1300 1270 1235 1200 1135
1165 1255
 

W.O. Products
 

LPG
 

Demand 
 25 26 27 28 29 30 38
 
Products 14.5 14 13.5 13.5 13 12.5 14
 
Imports 
 11.5 12 14.0 15.0 16 17 24
 

Mogas
 

Demand 371 374 377 
 381 388 389 415
 
Product 132 129 125 
 122 118 115 127
 
Import 239 245 
 252 259 274
267 288
 

Kerosene
 

Demand 
 512 522 532 542 552 563 628
 
Product 
 233 228 221 215 208 203 225
 
Import 
 279 294 311 327 344 360 403
 

AGO
 

Demand 580 620 656
603 638 674 773
 
Product 205 200 195 
 189 184 179 198
 
Import 375 403 
 425 449 472 495 575
 
Design 305 0 
 128 440 72 100 295
 

375 403 417 409 400 395 280
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TABLE 11-13 

SENSITIVITY ANALYSIS - 1990 PRODUCT DEILND 

Quantities in 103 MT/Year 

Crude Oil Input 

1995 1990 

AGO Import 

1995 1990 

Fuel Oil Export 

1995 1990 

No Investment Case 

Case 1 

Case 2 

Case 3 

Case 3A 

3886(2) 

3886(2) 

3750 

3350 

3150 

3886(2) 

3600 

3350 

3000 

2800 

295 

63 

nil 

nil 

nil 

100 

nil 

nil 

nil 

nil 

1560 

1327 

1110 

L-5 

462 

1630 

1260 

1010 

590 

415 

Case 4 2750 2450 nil nil nil nil 

NOTES: (1) 

(2) 

All figures based on processing "Design Crude", 
consisting of 90. wt. Arabian Light at 10 wt. 
Arabian Heavy. 

Maximum refinery crude input, basis existing CDU's. 
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CHAPTER III
 

CAPITAL AND OPERATING COST ESTIMATES
 

A. BACKGROUND 

Five technologically feasible process options as identified in Chapter

II were selected to eliminate current processing constraints and 
projected 
Mombasa refinery supply/demand imbalances. Preliminary
 
process engineering calculations were developed in 
sufficient detail
 
to define required additions to Inside Battery Limits (ISBL)
 
processes, facilities and utilities, tankage and other Outside Battery

Limits (OSBL) facilities. 
 In this chapter capital and operating cost
 
estimates are prepared for each selected process option including both

ISBL and OSBL facilities. Estimates 
were based on a U.S. Gulf Coast
 
(USGC) location and a specifically calculated set of Mombasa location
 
factors was then determined 
to reflect the cost of modifying the
 
existing operating EAOR refinery at Mombasa.
 

B. CAPITAL COST ESTIMATES
 

1. Capacity Basis For Capital Cost Estimates
 

The capacities of new process units required for each selected process

option are 
shown in Table III-l. 
 Calculated capacities are based on
 
the required capacity in metric tons per stream day (MT!SD) to meet

projected 1995 product demands 
to the maximum extent possible in each
 
case. Calculated capacities 
in MT/SD have been converted to barrels
 
per nLream day (BPSD) based on 
standard gra, ities for each feedstock.
 
Process design and 
capital cost calculations have been based 
on BPSD
 
capacities in each case and 
assume 335 stream days per year operation.
 

Design capacities of most process units are based 
on a nominal 10%
 
over calculated capacity to 
 allow for normal inaccuracies in
 
preliminary design calculations and 
to provide some spare capacity.

Since the cost of the 
Merox unit Case
in I is very low, a design

capacity of 25% (over calculated) was 
selected to allow for variations
 
in crude 
slate and kerosene quality. The vacuum unit in Case 4 was

designed 20% over calculated capacity to insure 
that sufficient
 
feedstock is available for the very 
 expensive and critical
 
Hydrocracker. Design capacity of the other process units vary

slightly from the nominal 
 10% over calculated capacity due to
 
conversion from MT/SD to BPSD and rounding of BPSD design capacity.
 

New utility requirements were calculated 
for each process case as
 
described in Chapter II. 
 Although requirements were not optimized in
 
this preliminary design study, 
 utilities were calculated on a
 
consistent basis with maximum air cooling in all 
cases. The results
 
of these calculations which are the capacity bases for utility capital
 
cost estimates are shown in Table 111-2.
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TABLE III-1
 

CASES STUDIED
 
CAPACITIES OF PROCESS UNITS
 

CALCULATED 

MT/SD BPSD 


CASE 1: 

Merox Unit 800 6500 


CASE 2:
 

LGO lIDS Unit 2308 16900 


CASE 3:
 

T-C Unit 4180 27150 


LGO (S-R) RDS Unit 2125 15550 


Amine (H2S) Scrubbing - -


Sulphur (Claus) 2 units - 

(Production) 

CASE 3A:
 

T-C Unit 3767 24500 


LGO (S-R/T-C) fiDS Unit 2307 16700 


H2 Plant (Production) - -


Amine (H S) Scrubbing - -


Sulphur Claus) 2 units - -


CASE 4:
 

Hydrocracker 2075 13835 


Vacuum Unit 3367 22500 


H2 Plant (Production) 54 


H2S Sccubbing (Amine) - -


Sulphur (Claus) 2 units 

(Production)
 

DESIGN
 
MT/SD BPSD
 

1000 8100
 

2540 18000
 

4578 30000
 

2376 17100
 

As required
 

31.5 (each)
 

4143 27000
 

2570 18000
 

3.0 1.24 %ZMSCF/SD
 

As required
 

31.5 (each)
 

2195 15000
 

4040 27000
 

65 27 MMSCF/SD
 

As required
 

31.5 (each)
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TABLE 111-2
 

NEW UTILITY CAPACITIES
 

Case 1 and Case 2: None Required
 

Additional Installed
 
Capacity Required
 

Case 3 & 3A
 

Water treating (BFW), MT/hr 40
 

Power (purchased), transformer 1 @ 5.0 MVA
 

Steam boilers, MT/hr None
 

C.W. system (including C.W. tower) 2000
 

Ref: F.O. distribution system (heated) M/hr 7.0
 

Instrument air, SCFM 200
 

Case 4
 

Water treating (BFI), MT/hr 40
 

Power (purchased) None
 

Steam boiler (part of power generation) MT/hr 2 @ 60 MT each
 

Powier generation 2 @ 7.0 MVA each
 

C.W. system (including C.W. tower) 7000
 

Ref: F.O. distribution system (heated) M'/hr 10.0
 

Instrum.:nt air, SCFM 400
 

Inert gas generator, SCIM 500
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Existing utility capacities are sufficient for Case 1 and Case 2
 
procerj options. In Cases 3 and 3A some additions to water treating,

electrical transformer, cooling water, fuel 
oil distribution and
 
instrument air capacities are required. Additions to water treating,

cooling water, fuel oil distribution and instrument air capacities

will be required for Case 4. In addition Case 4 will require an inert
 
gas generator for purging the Hydrocracker prior to start-up. Case 4
 
will also require a new self-contained power plant due to the current
 
and projected future uitreliability of purchased power.
 

New tankage requirements were calculated for each process in
case 

Section B above. Tank capacities were calculated to 
allow sufficient
 
storage time for crude oil, intermediate and finished products.

Although some use is made of existing, excess fuel oil tanks in Cases
 
3, 3A and 4, detailed engineering studies could result In reductions
 
in new tankage through further use 
of existing tankage. Capital cost
 
estimates are based on tne new tankage requirements by type for each
 
process case as shown in Table 111-3.
 

2. U.S. Gulf Coast (USGC) Capital Cost Estimates
 

a. 
Inside Battery Limits Capital Cost Estimates
 

The first step in developing total Mombasa location capital investment
 
requirements was to develop USGC ISBL capital costs for the process

additions shown in Table III-1. Estimates were prepared by Arthur D.
 
Little and six independent sources as follows:
 

" Universal Oil Products (UOP) - Process Licensor
 
" C.E. Lummus - Process Licensor
 
* Foster Wheeler - Engineering Contractor
 
* Bechtel National Inc. - Engineering Contractor
 
" Process Plants Consulting Services (PPCS)
 
* Independent Consultant
 

All cost estimates were prepared on a consistent basis as shown on
 
Table 111-4. The independent estimators were provided with the design

crude slate, process descriptions, process unit capacities, feedstock
 
qualities, desired product qualities, desired product yields and 
the
 
basis for 
capital cost estimates. An example of the information
 
provided to the independent estimators is shown in Appendix III-A.
 

Arthur D. Little process cost estimates were developed from in-house
 
cost curves for standard U.S. design process units. 
 These cost curves
 
were developed from our in-house data, independent process licensor
 
estimates and published sources. The cost estimates include materials
 
and equipment, direct and indirect field labor, engineering,

royalties, home office costs, 
initial catalyst and chemicals costs,

and U.S. sales taxes. ISBL cost curve estimates exclude OSBL costs,

contingency, spare parts, start-up costs, interest during construction
 
and other items as shown in Table 111-4. Arthur D. Little and
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TABLE 111-3
 

NE. TANKAC'E REOUIREMENTS
 

Service New Tank Capacity
 
3 m 

Case 1: Finished Kerosene 6500 

Case 2: Finished Kerosene 
 6500 

LGO HDS Feed 2 x 6500 - 13000 

Total 19500 

Case 3: Finished Kerosene 
 6500
 

LGO/HDS Fee 2 x 6500 - 13000
 

T-C Naphtha 3500
 

T-C Kerosene 3000
 

Total 26000
 

Case 3A: Finished Kerosene 
 6500 

LGO HDS Feed 2 x 6500 = 13000 

T-C Naphtha 3000 

T-C Ke'rosenle 2500 

Total 25000 

Case 4: Finished Kerosene 6500
 
II-C Naphtha 4500 ( 1 ) 

Il-C Kerosene 8000 

Vacuum Cas Oil 16000
 

Light Tops 2 x 500 i1000(2 )
 

Total 36000
 

Notes: (1)FloatingFloaingRoof 

(2)Spheres 
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TABLE 111-4
 

MOMBASA REFINERY ISBL CAPITAL COST BASIS
 

Basis: 
 4th Quarter 1982 USGC location Inside Battery Limits (ISBL) 

-- Includes: 

1. Engineering
 

2. Labor
 

3. Materials
 

4. Royalties and process licenses
 

5. Initial catalysts and chemicals
 

Excludes:
 

1. Cost of land
 

2. Licenses
 

3. Taxes
 

4. Duties
 

5. Permits
 

6. Spare parts
 

7. Support facilities
 

8. Start-up support
 

9. Shipping costs
 

10. All offsites and utilities
 

11. Extraordinary site development
 

12. Storage
 

13. Insurance for shipping
 

14. Interconnecting pipes
 

15. Contingency
 

16. Interest during construction
 

17. Pre-feasibility and engineering definition
 

18. Working capital
 

19. Ex-refinery infrastructure
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independent ISBL capital cost estimates are shown in Table 111-5. 
The
 
Arthur D. Little estimate for Case I Merox treating Is excluded from

the results since it was based on gasoline rather than kerosene feed.

The level of accuracy of Arthur 
D. Little curve cost estimates is
 
estimated to be ± 30%.
 

Subsequent to completion of preliminary ISBL capital cost estimates a

review meeting was held with Bechtel National Inc. In this meeting it
 
was agreed that a Sour Water Stripper should be added to Cases 2, 3,

3A and 4 for environmental reasons. Similarly, it was agreed that the

Scot Tail Gas Treater included in the basis for Cases 3, 3A and 4 was
 
unnecessary. All 
ISBL capital cost estimates were adjusted in Table

111-5 to include these changes. A detailed discussion of the Bechtel
 
review is provided in Section B.6 following.
 

Responses from the independent estimating sources were 
varied. All
 
sources provided ISBL Capital Cost Estimates for 3 or more as
cases 

shown in Table 111-5. The following notes provide details on the
 
assumptions and data provided by each source.
 

0 	 UOP provided ISi capital cost estimates, utility

requirements, operating personnel requirements and catalyst

and 	chemicals consumption for all cases. 
 All UOP data
 
provided was based on 100% desulfurization of the entire
 
design throughput. 
 In addition UOP provided estimated
 
yields for the TGO cracker and the Hydrocracker and comments
 
on product stability for each case. The overall utility

balance agreed well with 
Arthur D. Little's calculations
 
although projected TGO cracker and hydrocracker yields

varied somewhat from our projections. UOP capital 
cost
 
estimates were somewhat higher than 
 Arthur D. Little
 
estimates for Cases 2, 3 and 3A. 
 UOP and Arthur D. Little
 
cost estimates were in good agreement 
for Case 4. The
 
stated level of accuracy of UOP ISBL capital cost estimates
 
was ± 30 to 35%.
 

* 	 Foster Wheeler provided capital cost estimates, utility

requirements and chemicals consumption for Cases 1, 2, 3 and
 
3A. The overall utility balance agreed well with Arthur D.
 
Little estimates. 
Case I Merox unit cost estimate was based
 
on gasoline rather 
than kerosene feedstock. Case 2 LGO
 
Hydrotreater capacity was based 
on 40% of Arthur D. Little
 
design feed hydrotreated to a sulfur level 
of 0.2% (87%

desulfurization). Hydrotreated LGO 
was then assumed to be
 
blended with the remaining 60% of feed 
to meet the maximum
 
1% AGO sulfur specification. Since these cases were
 
developed on an inconsistent basis relative to other.
 
sources, Foster Wheeler 
cost estimates for Cases 1 and 26
 
were not considered in selecting 
the 	 recommended cost
 
estimate. The Foster Wheeler estimate agrees well with the
 
Arthur D. Little estimate for Case 3 but is somewhat higher

for Case 3A. Stated level of accuracy of Foster Wheeler
 
ISBL capital cost estimates was ± 30.0%.
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TABLE 111-5 

INSIDE BATTERY LIMITS (ISBL) CAPITAL COST ESTIMATES 
(Million 1982 $ - USGC Basis) 

1 Foster Independeni Process Planjs Arthur D, Arthur D. Little 

Case Description 

Case 1: Kerosene Mernx 

Case 2: LGO Hydrodesulfuri-

zation (HDS) 
Case 3: Thermal Gas Oil 

Plus LGO HDS 
Case 3A: Thermal Gas Oil 

Plus LGO HDS and 
HI Plant 

Case 4: Hlvdrocracker Plus 

Vacuum Unit and 
H2 Plant 

+ % Accuracy of Estimates 

UOP1 

2.5 

17.8 

65.1 

67.0 

103.9 

30-35 

WeelerI 

* 

* 

52.5 

66.1 

-

30.0 

Lunu 

-

* 

43.0 

44.7 

-

20.0 

Consultant 

* 

* 

56.8 

65.3 

115.1 

30.0 

ConsIt. Suc. 

2.6 

18.5 

62.3 

64.1 

101.2 

25.0 

Little 

13.0 

50.9 

52.3 

104.9 

30.0 

Recommended 2 

2.9 

18.9 

65.3 

66.6 

117.5 

30.0 

Bechtel2 

2.6 

18.9 

62.3 

64.2 

107.4 

30.0 

I 
1 

• Estimate provided on an incorrect or inconsistent basis 
1Estimates exclude contingency 

2 Estimates include contingency 

C2 



* C.E. Lummus provided 
ISBL capital cost estimates, utility

requirements, and chemicals and 
catalysts consumption for
 
Cases 2, 3 and 3A. 
Total utilities requirements agreed well
 
with the Arthur D. Little estimates. For all Hydrotreaters

in Cases 2, 3 and 3A capacity was based on 60-66% of Arthur
 
D. Little design feed rate with 60-65% desulfurized product.

Desulfurized LGO vas blended with the remaining feed to meet
 
the maximum 1% AGO sulfur specification. Since Case 2 was
 
developed on an inconsistent basis relative 
 to other
 
sources, 
 the Lummus cost estimate for Case 2 was not
 
considered in selecting 
 the recommended cost estimate.
 
Also, due to 
this difference in Hydrotreater design basis,
 
Lummus estimates were somewhat lower for Cases 3 and 3A than
 
other sources. 
 Due to their extensive experience in the
 
field of Thermal Cracking, Lummus TGU cost estimates for
 
Cases 
3 and 3A were included in selecting the recommended
 
cost estimate. Stated level 
of accuracy of Lummus ISBL
 
capital cost estimates was ± 30%,
 

" Process Plants Consulting Service (PPCS) provided 
 ISBL
 
capital cost estimates 
for all cases. Cost estimates were
 
based mainly on USGC cost estimates for a recent refinery

upgrading project 
in the Caribbean. PPCS cost estimates
 
were generally consistent with other 
 sources but were
 
somewhat higher 
for Cases 3 and 3A. Stated level of
 
accuracy of PPCS ISBL capital cost estimates was ± 25%.
 

" An Independent Consultant provided ISBL, utility and tankage

and other OSBL capital cost estimates along with utility

requirements for each case. 
 Utility requirements were
 
prepared on a consistent basis 
(and in conjunction with the
 
Arthur D. Little estim=tes and thus agree exactly). Cost
 
estimates for Cases I and 2 were prepared on a similar basis
 
to Foster 
Wheeler's estimates and therefore also were not
 
included in selecting the recommended cost estimate for
 
these cases. Cost estimates for Cases 3 and 3A were also
 
prepared on a similar basis 
to the Foster Wheeler estimates
 
and are therefore quite close. 
 The cost estimate for Case 4
 
was slightly higher than other 
sources but was included in
 
selecting the recommended cost estimate. 
 The stated level
 
of accuracy of 
our Independent Consultant's ISBL capital
 
cost estimates was ± 30%.
 

Estimates from the five independent sources were combined with Arthur
 
D. Little in-house estimates to get the recommended Arthur D. Little

ISBL capital cost estimate. Estimates 
that were prepared on an
 
inconsistent basis were excluded from the results as shown on Table

111-5. The recommended Arthur D. Little cost estimates were based on
 
the average of consistent independent estimates by process unit 
(and

not by case) as shown in 
 Table III.B.10 of Appendix III.B.
 
Recommended cost estimates were adjusted to 
include a Sour Water
 
Stripper (and exclude a Scot Tail Gas Treater) in Cases 3, 3A and 4,

using costs provided by Bechtel National Inc.
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b. Outside Battery Limits Capital Cost Estimates
 

Estimates of OSBL costs are 
shown in Table 111-6. Utilities and
 
tankage 
costs were based on design capacities as shown in Tables

111-2 and 111-3. Other offsite costs were based 
on typical costs for

modern refineries as a percentage 
of ISBL, utilities and tankage

capital costs. 
 These costs include:
 

- Interconnecting and offsite piping
 
- Control room and shops
 
- Drainage and sewers
 
- Blow down and flare
 
- Roads and fences 
- Other miscellaneous offsites
 

c. 
Total USGC Capital Cost Estimates
 

A detailed breakdown of Case 3A recommended USGC ISBL and OSBL capital

costs is shown 
in Table 111-7. A similar detailed breakdown is

provided for each Case in Appendix III.C and a summary oi all cases is
 
given. in Table 111-8. Recommended capital costs broken
were into
 
materials and equipment, direct labor and 
 indirect field costs,

engineering and home office costs, based 
on both in-house factors and

factors provided by independent cost estimators. The Arthur D. Little
 
recommended cost estimate includes 
a 15% contingency to account for
 
typical 
level of accuracy and understatement of pre-feasibility

capital cost estimates. Recommended ISBL cost estimates including the

contingency as shown in Table 111-5 agree 
within ± 10% of estimates
 
provided independently by Bechtel National Inc.
 

3. Mombasa Location Capital Costs
 

a. Location Factor
 

Costs of construction in 
Mombasa will vary considerably from USGC
 
costs. Transportation, duties and fees must be added to material and
 
equipment costs. For example, 
labor costs will be different due to

both the eificiency of local manpower and to labor rates. 
 Engineering

and home office costs will increase for a foreign location. However,

the largest component of refinery construction costs is materials and
 
equipment. Discussions with local contractors indicate 
 that
practically all construction materials and equipment are either
 
directly or indirectly imported. Although 
some local materials such
 
as concrete, small diameter 
piping and light duty electrical wiring

may be available locally, for the purposes of this preliminary study,

all materials and equipment were 
assumed to be imported. Based on a
 
typical mix of process plant equipment and materials for a refinery

construction project and an actual historic import costs, material and

equipment costs should be increased by 80% 
for Mombasa versus the
 
USGC. This location factor breaks down as follows:
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TABLE 111-6
 

UTILITIES, TANKAGE AND OFFSITE CAPITAL COSTS 
(Million 1982 $ - USGC 3asis) 

CASE 1 

Utilities 0 

Tankage 0.3 

Offaites 0.2 

TOTAL 0.5 

CASE 2 

Utilities 0 

Tankage 1.0 

Offsites 1.2 

TOTAL 2.7 

CASE 3 

Utilities 3.0 

Tankage 1.6 

Offsites 7.4 

TOTAL 12.0 

CASE 3A 

Utilities 3.0 

Tankage 1.5 

Offsites 8.2 

TOTAL 12.7 

CASE 4 

Utilities 13.4 

Tankage 2.4 

Offsites 15.8 

TOTAL 31.6 

1-n1 4 Artlmr Dt Little, Inc. t:V 
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TABLE 111-7
 

SUIMMARY CAPITAL COSTS 
MOMBASA REFINERY UPG-IADNG PROJECT
 

(Million 1982 $ - USGC Basis)
 

Materials (1  Direct Labor & 
7acility F Equipment Indirect Field 

Inside Battery Licits 

Thormal Gas Oil Unit 17.0 10.2 

LGO/TGO Hydrotreater 8.2 4.9 

Hydrogen Plant 1.3 0.8 

Claus Sulfur & Amine Units 3.1 1.9 

Sour Water Stripper 1.1 0.7 

Sub-Total ISP'. 30.7 18.5 

• 	 Utilities 1.6 1.1 

iankage O.H 0. 5 

Offsites 	 4.6 
 2.c 

Sub-Total OSBI. 7.0 4.4 

Total Project 	 37.7 

(1) Includes Catalyst & Chemicals 
(2) Includes Rovylties
 
%3) 157 Ct ngencies
 

Engineering L2) 

Home Office 


4.9 


2.3 


0.4 


0.8 


0.3 


8.7 


0.3 


u.2 


0.8 


1_ 

1022.91.0 


Calculated 

Cost 


32.1 


15.4 


2.5 


5.8 


2.1 


57.9 


3.0 


1.5 


8.2 


12.7 

70.6. 

(3) Total
 
Contingency Cost
 

4.8 36.9
 

2.3 17.7
 

0.4 2.9
 

0.9 6.7
 

0.3 2.4
 

8.7 66.6
 

0.5 3.5
 

0.2 1.7 

1.2 9.4
 

1.9 14.6 

0.6 81.2 



TABLE 111-8
 

MOMBASA REFINERY UPrZADING PROJECT 

SUMMARY CAPITAL COSTS - US GULF COAST LOCATION 

Million 1982 US $ 

Materials & Direct Labor & Engineering Calculated Total 

Equipment Indirect Field & Home Office Cost Contingency Cost 

CASE 1 ISBL 1.3 0.8 0.4 2.5 0.4 2.9 

OSBL 0.2 0.2 0.1 0.5 0.1 0.6 
TOTAL 1.5 1.0 0.5 3.0 0.5 3.5 

CASE 2 ISBL 8.7 5.2 2.5 16.4 2.5 18.9 

OSBL 1.5 0.9 0.3 2.7 0.4 3.1 

TOTAL 10.2 6.1 2.8 19.1 2.9 22.0 

CASE 3 ISBL 30.1 18.2 8.5 56.8 8.5 65.3 

OSBL 6.6 4.2 1.2 12.0 1.8 13.8 
TOTAL 36.7 22.4 9.7 68.8 10.3 79.1 

CASE 3A ISBL 30.7 18.5 8.7 57.9 8.7 61., 

OSBL 7.0 4.4 1.3 12.7 1.9 14.6 

TOTAL 37.7 22.9 10.0 70.6 10.6 81.2 

CASE 4 iSBL 51.1 30.7 20.4 102.2 15.3 117.5 

OSBL 17.4 11.0 3.2 31.6 4.8 36.4 

TOTAL 68.5 41.7 23.6 133.8 20.1 153.9 



0 
 Transportation and insurance 15%
 
* Port Charges 7%
 
* Customs Duties 
 43%
 
* Sales taxes 
 15%
 

Total 
 80%
 

If it is deemed in the national interest to waive customs duties and
 
sales taxes for this project, materials and equipment location factor
 
would drop to 1.22 versus the USGC.
 

Although labor efficiency in Mombasa is lower than in the USGC this is
 
largely offset by significantiy lower labor rates. Comparisons of
 
labor requirements for comparable projects in the U.S. 
and Ke.iya

indicate that an efficiency factor of USGC man hours times 
3 is
 
appropriate for Mombasa. Discussions with local contractors have
 
indicated that an average 1982 
local labor rate of $4.23/hour Ls
 
appropriate based on 8 man work teams composed as 
follows:
 

1 Supervisor
 
1 Engineer
 

* 1 Craftsman No. 1 Class
 
* 2 Craftsman No. 2 Clas;
 
o 3 Craftsman No. 3 Class 

This local rate compares to an average USGC construction labor rate of
 
$20/hour. Discussions with local contractors also indicated that a
 
pool of about 300 trained men are locally available for a refinery

construction project. 
 It is assumed that the balance of craftsmen and
 
50% of the engineers and supervisors would be available locally but
 
would require 6 months training. Construction periods were based on a
 
maximum efficient construction work force of 750 men. Due to the
 
difference in the number 
of trained and untrained workers required,

and the degree of foreign supervision required, labor costs for the
 
various cases relative to the USGC, were assessed as follows:
 

* Case 1 .77
 
* Case 2 .76
 
* Case 3 1.00
 
* Case 3A 1.06
 
0 Case 4 1.02
 

In order to account for increased engineering and home office costs
 
for a Kenyan project a 107 increase over the USGC cost was used for
 
this element of cost.
 

A sample calculation of the Mombaoa location capital costs for Case 3A
 
is shown on Table 111-9. Similar calculations for the other cases are
 
provided in Appendix III.B. 
 Estimated USGC ISBL and OSBL engineering,

labor and 
material, and equipment costs were multiplied by the
 
appropriate location factors for each category to arrive at Mombasa
 
location costs. 
 Results of Mombasa location capital cost calculations
 
are shown in Table TIl-10. Overall Mombasa location factors for each
 
case are as follows:
 

111-14 /t Arthur D.Little, Inc. 



TABLE 111-9
 

SAMPLE CALCULTION - CASE 3A
 
MOMBASA CAPITAL COST' AND LOCATION FACTORS
 

INSIDE BATTERY LIMITS 


Engineering 

Labor 

Material and Equipment 


Total Inside Batter Limits 


TOTAL UTILITIES, TANKACE AND
 
OFFSITES
 

Engineering 

Labor 

Material and Equipment 


Total Utilities, Tankage and
 

Offisites 


TOTAL PROJECT
 

Engineering 

Labor 

Material and Equipment 


Total Project 


(Million 1982 U1.S. 


USCC 

LOCATION 


8.7 

18.5 

30.7 


87.9 


1.3 

4.4 

7.0 


12.7 


10.0 

28.9 

37.7 


70.6 


$) 

LOCATION MOMBASA
 
FACTOR LOCATION
 

1.10 9.6
 
1.06 19.6
 
1.80 55.3
 

1.46 84.5
 

1.10 1.4
 
1.06 4.7
 
1.80 12.6
 

1.47 18.7
 

1.10 11.0
 
1.06 24.3
 
1.80 67.9
 

1.46 103.2
 

1Excludes contigency, start-up costs and spare parts.
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TABLE III-10
 

MOMBASA LOCATION CAPITAL COSTS I ANlD LOCATION FACTORS
 
(Million 1982 IT.S. $) 

Case 1
 

Inside Battery Limits 

Outside Battery Limits 

Total 


Case 2
 

Inside Battery Limits 

Outside Battery Limits 

Total 


Case 3
 

Inside Battery Limits 

Outside Battery Limits 

Total 


Case 3A
 

Inside Battery LImits 

Outside Battery Limits 

Total 


Case 4
 

Inside Battery Limits 

Outside Battery Limits 

Total 


USOC 


2.5 

0.5 

3.0 


16.4 

2.7 

19.1 


56.8 

12.0 

68.8 


57.9 

12.7 

70.6 


102.2 

31.6 

133.8 


LOCATION FACTOR MOMBASA 

1.32 3.3 
1.40 0.7 
1.33 4.0 

1.37 22.5 
1.40 3.7 
1.37 26.2 

1.44 81.8 
1.45 17.4 
1.44 99.2 

1.46 84.5 
1.47 18.7 
1.46 103.2 

1.43 145.7 
1.46 46.0 
1.43 191.7 

1Excludes contingency, start-up costs and spare parts.
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0 Case 1 1.33 
* Case 2 1.37
 
* Case 3 1.44
 
* Case 3A 1.46
 
* Case 4 1.43
 

The overall location factors agree well with independent estimates
 
provided by SIPM of 1.33 (TCU study-1981 basis) and by UOP of 1.3 
1.7. Foster Wheeler estimated a location factor of 1.1 excluding
 
taxes and duties on materials and equipment. Excluding taxes and
 
duties, the Arthur D. Little estimated location factors by case are:
 

* Case 1 1.01
 
• Case 2 1.03 
* Case 3 1.09
 
* Case 3A 1.11 
• Case 4 1.10 

b. Start-up._Spare Parts and Materiale, and Contingency
 

Mombasa location capital costs have been increased by a factor of 1.23
 
to take into account the following items:
 

-- A 0.05 factor for start-up costs
 
-- A 0.03 factor for spare parts and materials
 
-- A 0.15 factor for contingency
 

Start-up costs cover operator training, additional operators for an
 
initial start-up period varying from 1 to 4 months by case and
 
additional maintenance expenses incurred during a normal start-up.
 
Spare parts and materials cover required spares and normal inventory
 
of maintenance materials for about 6 months operation. The
 
contingency factor is included to account for the typical level of
 
accuracy and understatement of pre-feasibility capital cost estimates.
 
The level of accuracy of Arthur D. Little USGC capital cost estimates
 
is ± 30%. Due to uncertainties regarding the taxes and duties on
 
imported materials and equipment and the use of trained local manpower
 
versus extensive use of expatriates, the level of accuracy of the
 
Mombasa location component of the capital costs is estimated at ± 40%.
 
We believe that given these uncertainties the overall capital cost
 
estimates can be characterized as having an accuracy of ± 30%.
 

The final recommended capital cost estimates for each case are shown
 
in Table 111-11.
 

c. Impact on Fuel Oil Exports
 

Aq shown in Figure III-I, substantial reductions in fuel oil exports
 
are possible (even with the minimal investment in a Merox Unit in Case
 
1) when the investment options are compared with the No Investment
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TABLE III-11 

FINAL RECOMMENDED MOMBASA CAPITAL COSTS 
(Million 1982 U.S. $) 

Case 1: 

Case 2: 

Case 3: 

Case 3A: 

Case 4: 

Mombasa 
Location 

4.0 

26.2 

99.2 

103.2 

191.7 

Contingency 
Start-Up 

and 
Spare Parts 

0.9 

6.0 

22.8 

23.7 

44.1 

Final 
Recommended 

Capital 
Costs 

4.9 

32.2 

122.0 

126.9 

235.8 
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FIGURE I11-1 

MOMBASA REFINERY MODIFICATION OPTIONS 
Capital Cost (1 ) Versus Reduction in Fuel Oil Exports and AGO Imports 

Case 4 
Comparison based on 90% Arab Light/10%Arab Heavy Crude Slate

in Process Modification Cases and Nc Investment Case0 
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1. Includes 5% start-up; 3% spare parts; and 15% contingency. 



case using the design crude oil slate (90% Arab Lighti10% Arab Heavy).

Tbe addition of 
an LGO HDS unit in Case 2 permits a further reduction
 
of fuel oil exports at a moderate ($32.2 million) investment cost.
 

The very high level of export of high sulfur residual fuel In the No
Investwent case is largely due to sulfur content--heice the
subtantial export reductions shown by Cases 1 and 2. However, if a 
lower sulfur crude were processed, the No Investment case could show,
depending on the exact crude slate, fuel oil exports at levels similar
 
to that of Case 2, but without any investment in the refinery. Cases
 
I and 2 only partially alleviate the Kenyan supply/demand problem and
 
1995 fuel oil exports remain at ovar one million metric tons per year

in each case.
 

The addition of a Thermal Gas Oil Unit (TGU) and 
associated HDS

capacity in Cases 3 and 3A increases capital costs significantly over
 
Cases 1 and 2 but also provides further significant reductions in fuel
 
oil exports through the conversion of residual fuel to white 
oils.
 
The TGU is the most expensive process unit in these cases at $61
 
million for Case 3 and $58 
million for 3A.
Case A substantial
 
investment of $27 million is required for the LGO HDS unit in Case 3.
 
In Case 3A, a S32 million investment is required for the distillate
 
HDS unit and the associated hydrogen plant. As 
a result of residual
 
fuel conversion in Cases 3 and 3A, 
1995 fuel oil exports are reduced
 
to 665 and 462 thousand tons respectively.
 

In order to completely eliminate 1995 fuel 
 oil exports further
 
residual fuel to products
conversion white 
 is required. This is
 
accomplished in Case 4 by the addition of 
the Hydrocracker. The cost
 
of the Hydrocracker alone 
in this case is estimated at $91 million.
 
In addition substantial investments are required for a new Va'uum

Tower ($24 million) and Hydrogen Plant ($50 million). The addition of
 
a dedicated power plant to provide reliable electric power also adds
 
substantially to the project cost. 
 Although Case 4 eliminates all
 
1995 fuel oil exports, capital costs are considerably higher than the

other cases. The financial impact of each of these cases will be
 
analyzed in Chapter V of this report.
 

4. Local and Foreign Exchange Capital Cost Components
 

In order to perform the economic and financial analysis, Mombasa
 
capital cost estimates were split into local and 
foreign exchange
 
components for each case as follows:
 

. Materials and Equipment 
 -- 64% Foreign Exchange 

-- 36% Local Currency 
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* 
 Labor Based on Mix of Local and Expatriate Workers
 

Case 1: 73% Local -- 27% Foreign Exchange
Case 2: 75% Local -- 25% Foreign Exchange
Case 3: 70% Local -- 30% Foreign Exchange
Case 3A: 71% Local -- 29% Foreign Exchange
Case 4: 65% Local -- 35% Foreign Exchange 

' Engineering and Home Office Costs-100% Foreign Exchange
 

For the purposes of these calculations it was assumed that all
materials and equipment were 
imported at estimated USGC cost plus 15%
for transportation and insurance. 
 Local materials and equipment costs
consist of customs duties, sales taxes and 
port charges. If it is
deemed in the national interest to waive customs 
duties and sales
taxes for 
this project, materials and equipment costs 
would decrease
 
by about one third.
 

Mombasa refinery 
local and foreign exchange components of capital

investment for each 
case are shown in Figure 111-2. Local capital

costs range from 38 to 42% of total capital investment but would drop
by 20 to 22% 
if local duties and taxes were excluded. Total foreign

exchange costs range from 58 to 62% of total capital investment.
 

5. Project Implementation
 

In order to implement the Mombasa refinery upgrading project following

this study, the following steps will be required.
 

• Project definition
 
* Contractor bid submission and selection
 
* Detailed engineering
 
• Materials and equipment procurement

* Field construction
 
• Pre-commissioning
 
* Start-up
 

A bar chart of the possible implementation schedules by case 
is shown
in Figure 111-3 indicating the duration of the various 
phases of
engineering, 
 procurement, construction, pre-commissioning and
 
start-up.
 

A period of five months from 2/1/83 
to 1/7/83 has been allowed for

study of this 
report, selection of the appropriate option, agreement
on financing and selection of 
an engineering contractor 
for detailed
project definition. 
 It has been assumed that obtaining project

financing would not cause any undue delay.
 

Project definition is projected to 
require 3 months for Case

months for Case 2 and 9 months for Cases 3, 3A, and 4. 

1, 6
 
The project
definition 
stage must include the preparation of a bid package 
in
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FIGURE 111-2 
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MOMBASA REFINERY 
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sufficient detail for international contractors to prepare comparable

proposals for construction. A period of three months for Case I and 6
 
months for the other cases 
has been allowed for preparation of
 
contractor 
proposals and selection of an engineering contractor for
 
detailed engineering and materials procurement.
 

Detailed engineering and materials procurement is projected to take 12
 
months for Cases I and 2 and 15 months for Cases 3, 3A and 4. Field
 
construction is projected to 
take 12 months for Case 1, 24 months for
 
Cases 2, 3 and 3A and 30 months for Case 4. A maximum of 750 workers
 
has been allowed for field constructisa in order to allow sufficient
 
supervision and 
the efficient use of manpower. The estimated labor
 
force required in the field for each case 
is as follows:
 

" Case 1 36
 
" Case 2 155
 
* Case 3 683
 
* Case 3A 717
 
* Case 4 704
 

Field construction 
can begin 6 months before detailed engineering and
 
materials procurement is completed for Cases 
3, 3A and 4. Normally
 
field construction 
could also start prior to completion of detailed
 
engineering and materials procurement for Cases I and 2, but in these
 
cases a dela,, of 6 months has been included to account for current
 
port entry delays. Since delays of this 
type could significantly
 
effect the ability of the contractor to meet implementation schedules
 
for all cases, the MOE should do its utmost to streamline delay

causing administrative processes for this project, which is clearly in
 
the national interest.
 

Pre-commissioning of utilities and associated facilities 
should begin
 
a few months before scheduled start-up and overlap the last stages of
 
construction. Proper pre-commissioning will reduce 
the time required

for initial start-up and avoid costly, time-consuming emergency

shutdowns during the start-up period. A period of 
three months for
 
Care-
 1 and 2 and 4 months for Cases 3, 3A and 4 has been allowed for
 
pre-commissioning.
 

A training period will be required for operators prior to start-up.

For Cases I and 2 where the 
processes are relatively simple (and

similar to existing EAOR refinery processes) a three month training

period roughly coinciding with pre-commissioning activities should be
 
sufficient. 
 In Cases 3 and 3A (where new process technology is being
 
introduced) a longet operator training period of four to six months is
 
recommended. Case 4 (the Hydrocracker and associated Hydrogen Plant)
 
represent the most sophisticated and potentially dangerous technology
 
option. 
For Case 4 a minimum six month training period with operators

experienced on these same processes is imperative. It would alco be
 
desirable for first line Mombasa operators 
to receive training on an
 
existing similar 
process unit prior to start-up. During start-up

operations, allowance been
has made in the cost estimates for a
 
matching crew of experienced operators, supplementing the permanent
 
Mombasa refinery operating personnel in all cases.
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Since all cases represent 
new additions of process facilities rather
 
than the modification of existing 
process units, construction can
 
proceed without unduly interrupting normal operations at EAOR. The
 
new processes will be located in separate designated areas as shown in
 
Figure lI-i 
in Chapter II above, and will tie into existing facilities
 
at the bactery limits. There will be ample 
time to provide tie-ins
 
within existing units during scheduled turnarounds. A separate

control room located adjacent to the new process areas is Included in
 
capital investment estimates except for Cases I and 2 where the
 
existing control 
room would be adequate. 
 Cases 3, 3A and 4 include a
 
modern bunker-type, explosion-proof control room.
 

Frojected start-up dates for each case are as 
follows:
 

Case 1: January 1, 1986
 
Case 2: July 1, 1987
 
Case 3: July 1, 1987
 
Case 3A: July 1, 1987
 
Case 4: January 1, 1988
 

Some improvement in the start-up dates for Cases 
I and 2 is possible

if port delays can be eliminated. Start-up periods are two months for
 
Case 1, three months for Case 
2 and 4 months for Cases 3, 3A and 4.
 
At the end of the start-up period, after successful demonstration, the
 
processes would be turned over to EAOR. For a 
period of time
 
following successful 
start-up of the selected upgrading option, there
 
will be a need for expatriate assistance in refinery management,
 
engineering and operations.
 

To 
allow for normal problems associated with start-up of a new
 
facility a reduced level of throughput has been assumed for each 
case
 
as follows:
 

% Capacity Period
 

Case 1 
 80 
 6 months
 
Case 2 
 80 
 9 months
 
Case 3 
 80 1 year

Case 3A 
 80 1 year

Case 4 
 80 1 year
 

6. Bechtel National Inc. Review
 

A review of Arthur D. Little, Inc.'s capital zost estimates was 
conducted by Bechtel National Inc. under a separate contract with 
USAID. The purpose of the review was as follows: 

0 To review process engineering cal...ulations to confirm the 
basis for the capital cost esti-ates. 
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* 	 To provide an independent review of the capital cost
 
estimates.
 

" 	 To reach concurrence on the level of accuracy of the
 
re 
)mmended capital cost estimates.
 

Bechtel was provided with the information in Appendices TI.A and III.B
 
prior to a review meeting held in San Francisco on November 30, 1982.
 
The review meeting was attended by representatives from USAID, the
 
World Bank and the MOE. 
The summary conclusions of Bechtel's detailed
 
review are provided in three letters shown in Appendix III.C.
 

The review confirmed that the process engineering estimates made by

Arthur D. Little provided an adequate basis 
 for 	 capital cost
 
estimates. Bechtel identified the following areas which will require

further study in the project definition stage:
 

* 
 Optimal design of LGO hydrodesulfurization, TGU and
 
Hydrocracker process units.
 

* 	 The need for a Hydrogen Plant in Case 3A.
 

* 	 The optimal hydrogen plant feedstock and fuel oil blending
 
in Case 4.
 

0 	 Optimal utility balance for all 
cases.
 

In addition Bechtpl recommended elimination 
of the Scot Tail Gas
 
Treater and the addition of a Sour Water 
Stripper for enviro.,- a]
 
reasons in Cases 3, 3A 
and 	4. Arthur D. Little accepted these
 
recommendations ind adjusted its 
recommended capital cost estimates
 
accordingly.
 

Bechtel also independently prepared USGC capital 
cost estimates for
 
each of the process cases 
based on Arthur D. Little's process

engineering calculations. 
 As shown in Table 111-5 all of these
 
estimates agreed with Arthur 
D. Little estimates within ± 10%. In
 
addition, Bechtel confirmed that 
the Arthur D. Little calculations of
 
the Mombasa location factor were reasonable. A Bechtel recommendation
 
to use a factor of 1.1 
times USGC to account for engineering and home
 
office costs in a foreign location was adopted in Arthur D. Little's
 
recommended 
 capital cost calculations. Bechtel identified the
 
following cost uncertainties to be addressed in the project definition
 
stage:
 

* 	 Additional revamp costs to the existing refinery

0 
 Better definition of environmental requirements
 
* Better definition of unit capacities
 
* 
 Better definition of vtility and offsite requirements.
 

Bechtel estimated the level of accu.g-L - th their own and Arthur
 
D. Little's recommended capital cost esL ates to be ± 30%.
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C. OPERATING COQ'rS
 

1. Background/Summary
 

In order to develcp the econoric financial analysis of the options for
 
modification of the Mombasa refinery it 
was necessary to estimate the
 
incremental operating costs associated with 
each selected process

option. Accordingly Arthur D. Little reviewed historic refinery

operating costs 
at Mombasa, and then estimated incremental personnel

requirements, and other operating costs which would be associated with
 
the proposed facilities for each option. Operating costs are broken
 
down into fixed and variable components and by local and foreign

exchange requirements. Incremental operating costs for the new
 
process facilities 
vary from $0.5 to $16.4 million per year as
 
compared to current EAOR operating costs of $19.2 million per year.
 

2. Historic Mombasa Refinery Operating Costs
 

Arthur D. Little conducted a review of Mombasa refinery operating cost
 
data over the period 1979 to 1981 and of the 1982 operating budget.

Substantial istoric data was reviewed including quarterly Planning

and Appraisal Documentation (PAD) reports, 
 annual cost schedule
 
summaries and local refinery reports.
 

A breakdown of 1979-1981 
 actual and 1982 operating budget and
 
operating expenses excluding depreciation is provided in Table 111-12.
 
Operating costs have been increasing in both Kenyan shillings and in
 
terms of U.S. $/Bbl. This Is due in part to a progressive decline in
 
the value of the Kenyan shilling versus the US dollar and to increases
 
in the price of imported materials and equipment over the period.

Although crude oil throughputs have declined 
since 1980, variable
 
costs have continued to increase mainly as a result of 
increased
 
prices for Tetra Ethyl Lead (TEL) and electricity. Fixed costs have
 
increased due to increases in labor costs, the SIPI 
service fee and
 
maintenance costs. Maintenance costs for the year 1981 
 were
 
abnormally low since there was no turnaround on either process
 
complex.
 

A comparison of the 1982 budgeted operating costs for Mombasa with a
 
USGC refinery of similar size and configuration is shown in Table
 
111-13. The variable costs at Mombasa are considerably higher than
 
the USGC due mainly to higher TEL costs as a result 
of higher

allowable TEL levels in gasoline 
and the higher TEL price. Elec
tricity consumption is also somewhat higher 
than for a typical USGC
 
refinery. Mombasa refinery fixed 
costs are considerably lower than
 
USGC costs due mainly to the much lower manpower costs as a result of
 
lower wage rates. Maintenance materials are also somewhat lower than
 
the USGC but appear reasonable based on the Replacement Cost New (RCN)

and the age 
and condition of the Mombasa refinery facilities. Total
 
fuel and loss for the Mombasa 
refinery has averaged between 3.2 and
 
4.0 wt % which compares favorably with typical USGC fuel and loss of
 
3.5 to 4.0 wt % for similar configuration refineries.
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TABLE 111-12
 

MOMBASA REFINERY ACTUAL OPERATING EXPENSES
 

1979 


Variable Costs 
 106 KS 


TEL 
 21.2 

Other Process Mat. 
 3.2 

Electricity 
 11.5 

Water 
 3.2 

S.T. Variable Costs 
 39.1 


Fixed Costs
 

Benefits/Training, etc. 
5.7 

Labor (Excl. Maint.) 20.8 

SIPM Service Fee 
 13.3 

S.T. "Labor" Costs 
 39.8 


Maintenance Labor 
 1.6 

Routine Maintenance 8.] 

Planned Maintenance/S.D. 4.9 

S.T. Maintenance 
 14.6 


Insurance 
 3.7 

Exchange Losses 
 1.9 

Other Contracts 
 4.0 


Other Material & 

Sundries 
 6.6 


S.T. Fixed Costs 
 70.6 


Total Op. Cost 
 109.7 


Crude Runs: MB/Yr 
 20,269 


.p2 


$!B 


0.14 

0.02 

0.03 

0.02 

0.26 


0.04 

0.14 

0.09 

0.27 


0.01 

0.05 

0.03 


0.09 


0.03 

0.01 

0.03 


0.04 


0.73 


1980 


106 KS $/B 


33.2 
 0.19 

6.3 0.04 


15.2 0.09 

4.7 0.e3 


59.4 0.35 


6.4 0.04 

25.5 0.15 

9.3 0.06 


41.2 0.25 


1.7 0.01 

10.5 0.06 

9.5 0.06 


21.7 
 0.13 


4.1 0.02 

(3.1) (0.02) 

5.0 0.03 


9.6 0.06 


78.5 0.47 


137.9 
 0.82 


22,486 


, 8 


1981 


106 KS $/B 


38.8 0.22 

3.4 0.02 


18.8 
 0.10 

3.7 0.02 


64.7 0.36 


6.9 0.04 

27.8 0.15 

14.4 0.08 

49.1 
 0.27 


1.5 0.01 

6.6 0.03 
8.5 0.05 


16.6 0.09 


4.5 0.03 

1.8 0.01 

5.9 0.0n 


J7400
 
11.6 0.06 


89.5 0.49 


154.2 
 0.85 


20,045 


0 0 51 


1982 Budget
 

106 
KS $/B
 

45.2 0.22
 
6.3 0.03
 

30.0 0.14
 
4.2 0.02
 

85.7 0.41
 

7.4 0.04
 
32.3 
 0.15
 
15.0 0.07
 
54.7 0.26
 

1.6 0.01

13.2 0.06 
18.1 0.09
 

32.9 0.16
 

4.5 0.02
 
2.0 0.01
 
7.4 0.03
 

15.2 
 0.07
 

116.7 
 0.55
 

202.4 
 0.96
 

19,980
 

, 8
 



TABLE 111-13
 

1982 BUDGET MOMBASA OPERATING COSTS VS. USOC OPERATING COSTS
 

1982 $/B
 

Variable Costs 1982 Momb a Budget USCC Refinerv ( I ) 

TEL 

Other Process Materials 

Electricity 

Water 

S.T. Variable Costs 

0.22 

0.03 

0.]4 

0.02 

0.41 

0.06 

0.04 

0.10 

O.G4 

0.24 

Fixed Costs 

Manpower 

Maintenance Materials 

Taxes, Insurance & Other 

S.T. Fixed Costs 

0.27 

0.15 

0.13 

(.55 

1.05 

0.27 

0.22 

1.54 

Total Operating Costs (1.96 1.78 

(1)60 MB/SD capacity, hydroskimining configiuration 
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3. Process Addition Operating Costs
 

a. Basis for Operating Cost Estimates
 

Since 
the economic and financial analysis (see Chapter V) was to be
 
conducted on a differential basis relative to 
the No Investment Case,

operating costs were developed 
for each processing option on 
an
 
incremental (rather than a total operating cost) basis. 
 The basis for
 
incremental o,?erating cost calculations is shown on Table III-14.
 

Operating cost calculations are based on 
335 stream days operation to
 
allow for 
 normal refinery shutdowns for maintenance. Variable
 
operating cost calculations are based on calculated unit throughputs

for each case. Yearly consumption of TEL is assumed equal 
to the No

Investment Case throughout 
since gasoline production does not change

and economics would dictate 
the maximum allowable use of TEL in all.
 
options.
 

Utility requirements 
are based on Arthur D. Little's calculated
 
incremental requirements 
for each case as shown in Section B above.
 
Unit costs of electricity and water are based 
on actual 1981 Mombasa
 
refinery costs escalated for inflation to 1982. Steam cost (excluding

fuel) is based on USGC cost times 
a 1.35 Mombasa location factor.

Chemicals and catalysts consumptions were based on USGC 
1982 dollar
 
estimates provided by UOP 
plus transportation, insurance, import

duties and taxes 
to adjust costs to a Mombasa location. Fuel costs
 
are not included in incremental operating costs 
 as total fuel
 
requirements (including steam) were 
deducted from refinery yields in
 
the material balance calculations.
 

Fixed operating costs are not 
a function of unit throughput but vary

for each processing option studied due 
to differences in manpower and
 
capital cost. 
 ISBL process unit manpower requirements were based on
 
UOP requirements per operating shift and an 
Arthur D. Little estimate
 
of 4.6 men required per shift position for 
continuous operation.

Manpower requirements for utilities and offsites were estimated 
to be
 
the same as those required for process 
plant. Based on current
 
refinery manning an estimate of 2 persons 
 for maintenance,

administration and support would 
be required for each operator,

bringing total manpower requirements to 28 persons per process shift
 
position. Labor rates 
were based on the 1982 Mombasa refinery

operating budget using 
wages of $3900/year. Benefits were based on
 
the 1982 budget of 25% of labor costs.
 

Refinery management fees, maintenance costs, insurance and other costs
 
were based on historic 
and 1982 operating budget percentaget of

Replacement Cost New (RCN). 
 RCN was derived from the 1980 J.G. White
 
report of 
the Mombasa Refinery USGC replacement cost adjusted for the

Mombasa location factor (1.35) and escalated for inflation to a 1982 $
 
basis. Management fees (assuming no change 
in current management

structure) were calculated at 
0.75% uf RCN. Maintenance costs for new
 
process facilities were based on 
actual 1981 and 1982 operating budget
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TABLE 111-14
 

BASIS FOR OPERATING COSTS
 

" Stream Days Operation
 

-- 335 stream days/year operntion assumed on all processes
 

* 	 Variable Costs 

-- Yearly consumption of TEL assumed constant (gasoline 

production is constant) at maximum allowable dosage 

-- Fuel burned is accounted for In process yields 

-- Utility requirements based on Arthur D. Little 

calculated incremental requirements 

-- Electricity and water costs based on actual 1981 

costs escalated to 1982 

-- Chemicals and catalysts consumption based on UOP 

USGC estimates aajusted to Mombasa location
 

" Fixed Costs
 

--	 ISBL manpower requirements based on UOP estimates of 

USGC requirements per shift, and, at Mombasa location, 

with 4.6 men required per shift position 

-- Arthur D. Little utilities and offsites manpower 

requirements assumed equal to ISBL requirements 

-- Arthur D. Little administration and support assumed two 

times operations, utilities and offsites 

--	 Labor and benefits based on 1982 actual % of labor and 

benefits (25%) 

-- Management fees calculation assumed no change in current 

management structure and is based on actual 1980-1982
 

fees as percentage of refinery Replacement Cost New (RCN)
 

which is 0.75%
 

--	 Maintenance costs based on actual 1980/1982 maintenanct: 

costs and is equal to 2.5% of RCN
 

--	 Insurance and other miscellaneous costs based on acLtmal 

1980/1982 costs and is equal to 0.6% of RCN 

-- No fluctuations in ex% inge rates (shilling/dollar) have 

been assumed 
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maintenance costs of 2.5% 
of RCN. Insurance and other miscellaneous
 
operating costs were based 
on actual 1980 and 1981 costs and on 
the
 
1982 operating budget estimates 
of 0.6% of RCN. Although actual
 
operating results have been affected by exchange losses or gains, 
for
 
the purposes of this study, conducted entirely in U.S. dollars, such
 
fluctuations have been ignored.
 

b. Sample Operating Cost Calculation
 

A sample calculation of incremental 1995 operating 
costs for Case 3A
 
is shown on Table 111-15. Calculation of incremental 1995 
operating

costs for all cases 
is provided in Appendix III.D. Operating costs
 
for each case were calculated according to basis
the outlined in
 
section 3.a above.
 

Incremental consumption 
of utilities is multiplied by unit cost
 
factors to estimate incremental annual variable costs for each process

option. Incremental 
annual labor costs are based on manpower

requirements multiplied by 
current average Mombasa operator salaries
 
and benefits. Management fee, maintenance and other fixed costs 
are
 
based on actual purcentages of RCN multiplied by projected incremental
 
capital investment 
for Case 3A of $126.9 million. Total 1995
 
incremental annual costs 
for Case 3A are estimated at $8.1 milion per
 
year.
 

Although option 3A
2, 3, and 4 will result in reduced crude oil
 
throughputs, no 
credit was taken for reductions in variable cost. 
 The

largest component of the No Investment Case variable operating cost 
is
 
TEL consumption. However, 
since gasoline production is the same in
 
all cases, the
and maximum allowable 
lead level is assumed in all
 
cases, TEL cost will be constant for all process options. The second
 
significant component of variable cost is power which more
is a

function of the process 
units operated than the refinery crude
 
throughput. The other elements of 
variable cost-water and catalyst

and chemicals- would vary 
with throughput but the variations are
 
insignificant relative to overall operating costs.
 

c. Process Option Operating Cost Results
 

Incremental operating costs 
for each option at the projected 1995
 
operating rate in million dollars per year are estimated as follows:
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TABLE 111-15 

MOMBASA CASE 3A 

1995 INCREMENTAL OPERATING COSTS: 103 1982 US$ ( 1 ) 

Incremental Annual Inc. Annual (16) Foreign(16)
 
Consumption Consumption Unit Cost Cost Loc'al Exchange
 

Variable Costs (Units: A/B) A03$ los 
5

TEL(2) 0 B . 9clkh 
0 0 0 

4.310 (3 )  I ) 408
Electricity: KW/MWH 34,566 0.26 2.039 1631 


Steam: M#/hr/106# (147) (3) 1,179 3.091mga1 (307) (245) (62)
 

6 (3) (13)

Boiler Feed Water: m#/hr/l0 gal 243 82 2 .06 mgal 253 .03 50
 

Cooling Water: gpm/106 gal 11570 (3 ) 151 312 230 62 

320 (4 )  Catalyst & Chemicals: $/D/M$/Yr 107 (4) 107 62
 

S.T. Variable Costs 2404 L925 429
 

Fixed Costs (25)
 
(5)5
 

Labor (excl. maintenance): men 168 168 3.900$/Yr 655 655 0
 

Benefits: @ 25% labor 164 (b) l14 0
 

Management Fee @ 0.75% Investmentc (7) 952 0 952
 

Maintenance @ 2.5% Investmentc (8) 3173 2158 1015
 

Insurance and Other @ 0.6% Investmentc (9) 761 76] 0
 

Exchange Losses 0 (10) 0 0 0 0
 

S.T. Fixed Costs 5705 3738 1967
 

Total Operating Costs: 10 $ 8109 5663 2446
 

c126 .9 million $ $/B crude*/% local/% foreign: 0.29 70 30
 

*Ba daon Base Case Crude = 28.368 MB/yr. 

Note: See Appendix III-D, Table III-D-9 for explanation of footnotes.
 



1995 Incremental Operating Costs
 

(Million 1982 $/Yr.)
 

Fixed Cost Variable Cost Total Cost $/B Crude (I)
 

Case 1 0.2 
 0.3 0.5 
 0.02
 
Case 2 0.4 1.7 
 2.1 0.07
Case 3 2.2 5.4 
 7.6 0.27
 
Case 3A 2.4 5.7 
 8.1 0.29
 
Case 4 6.5 
 9.9 16.4 0.58
 

$/Bbl based on crude runs in No Investment Case of 28.368 million

barrels/year.
 

Incremental operating costs 
for Cases 1 and 2 are minimal relative to
 
current EAOR operating costs of $0.96/Bbl crude. 
 Incremental costs

for Cases 3 and 3A are more significant amounting to about 
30% of No

Investment Case operating 
costs. Similarly the additional. costs for
 
Case 4 are quite significant and will increase 
overall refinery

operating costs by about 60% 
over the No Investment Case operation.
 

Results of incremental operating cost calculations for the period 1986
 
through 1995 for 
the Kenya and contiguous market demand case and for

the Kenya only market demand case are shown in Appendix III.D.

Variable operating costs for years prior to 
1995 and for the Kenya

only demand 
case have been adjusted for actual process throughput in

each case. For start-up year fixed operating costs have been adjusted

to reflect 
a partial years operation there applicable. Since process

unit capacities 
and capital costs are indepndent of demand basis,

fixed costs are identical for both demand cases.
 

d. "Black Oil Rule" Case Operating Costs
 

Incremental operating costs were also 
calculated for a "Black Oil
 
Rule" case. In this case 
there were no additions to process capacity

and the refinery was operated with only sufficient crude to meet fuel

oil demand in Kenya and the contiguous markets, with imports of the

deficits of white products. This resulted in a substantial reduction
 
in crude 
oil runs relative to base case operation. Variable cost

savings were based on 
the 1982 operating budget. 
 Due to the large

reductions in crude runs it would be 
necessary to operate only 
one

complex (probably Complex II with 
some HDS capacity from Complex I).
With the shutdown of Complex I savings in fixed operating costs would
 
also result. Fixed operating cost savings 
were based on incurring

costs expressed as a percentage of 1982 operating budget fixed costs
 
as follows:
 

111-34 AArthur D. Utte, inc.<? 



Labor and benefits 
 75
 
Management fee 
 50
 
Maintenance expense 
 40
 
Tax, insurance and other fixed costs 
 50
 

The operating cost savings in the Black Oil Rule case are shown on
 
Table 111-16. Savings in variable costs vary from $7.7 to $8.3

millic r per year and savings in fixed costs 
are $4.9 million per year

relative to the No Investment case.
 

4. Local and Foreign Operating Cost Components
 

In order to perform the economic and financial analysis in Chapter V

it was necessary to sub-divide incremental operating costs for each
 
process case and the Black Oil Rule case into local and 
foreign

exchange components. Electricity, steam, boiler 
feed water and

cooling water costs are based on 
80% local and 20% foreign costs.

Chemicals and catalysts costs 
are based on two-thirds foreign costs

(USOC cost plus transportation) and one-third local costs 
(to account
 
for a few chemicals that may be available locally and for local duties

and taxes). Operating labor and benefits, insurance and other

miscellaneous fixed costs were assumed to be 100% local 
currency. The

refinery management fee is 100% 
foreign exchange. Maintenance costs
 
were assumed to be 50% labor and 50% materials. Maintenance labor was

assumed to be 100% local cost and materials to be 64% foreign and 36%
local cost (the same breakdown as used for materials 
and equipment

capital costs). The weighted average for total maintenance costs is
68% local and 32% foreign exchange. A sample calculation of local and
 
foreign exchange costs is shown in Table 111-15.
 

The results of 1995 incremental operating cost calculations for each
 
process case are shown 
in Figure ITI-4. Results for the Black Oil

Rule case are 
shown in Table 111-16. Operating costs for each case
 
are broken into both variable and fixed components and into local and
foreign exchange components. The foreign 
exchange component of
 
incremental operating costs varies from 24% for Case 31%
I to for
Cases 3 and 4. The 
foreign exchange component of Black Oil Rule
 
operating cost savings is 38%.
 

111-35
 

A ArthurD.Little, Inc. 



TABLE 111-16 

BLACK OIL RULE - KENYA AND CONTIGUOUS MARKETS 

DIFFERENTIAL OPERATING COSTS VS BASE CASE 

Million 1982 US$ 

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

Variable Costs (7.7) (8.0) (8.1) (8.2) (8.3) (8.3) (8.2) (8.1) (8.0) (8.0) 

Fixed Costs. ( (4.9) (4.9) (4.9) (4.9) (4.9) (4.9) (4.9) (4.9) (4.9) 

Total Costs (12.6) (12.9) (13.0) (13.) (13.2) (13.2) (13.1) (13.0) (12.9) (12.9) 

Local Costs (7.8) (8.0) (8.0) (8.1) (8.2) (8.2) (8.1) (8.0) (8.0) (8.0) 

Foreign Costs (4.8) (4.9) (4.9) (5.0) (5.0) (5.0) (5.0) (4.9) (4.9) (4.9) 

ACrude: 000 TN/yr (2555) (2651) (2686) (2721) (2751) (2731) (2706) (2676) (2656) (2631) 



FIGURE 111-4 

MOMBASA REFINERY INCREMENTAL 1995 OPERATING COSTS 
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CHAPTEP IV
 

THE LONG-TERM OIL PRICE OUTLOOK
 

A. INTRODUCTION AND METHODOLOGY
 

Arthur D. Little, Inc. has developed a specific set of crude oil and
 
product price forecasts for use in the analysis of alternative process

modifications to the Mombasa refinery. These prices are critical to
 
determining the viability of 
the proposed investments. Accordingly,
 
in this chapter we present Arthur D. Little's most recent analysis of
 
the long-term outlook for the price of crude oil 
set in the context of
 
the world energy and oil demand and supply environment. We first
 
consider trends in crude 
prices and oil demand in the 1970s and then
 
analyze future oil demand and supply. 
 In presenting our analysis of
 
crude oil prices, we evaluate the factors influencing prices in both
 
the short and long-term and consider the potential for future 
oil.
 
crises. The forecast price of Arabian Light crude oil, the OPEC
 
marker crude fLb Ras Tanura is then used 
to develop prices for Arabian
 
Light, Arabian Heav ;ad Abu Dhabi Murban crudes delivered to Mombasa.
 
We have also developed alternative sets of product prices on an import

and export parity basbs, as appopriate, to reflect the open-market

environment within which the investment in secondary processing

capacity at Mombasa should be considered. In the course of this
 
analysis we have 
considered the potential availability of refined
 
products which could be imported 
to Kenya and the contiguous markets
 
served by the Mombasa refinery. Such imports represent a possible

alternative to the secondary pricessing investment at Mombasa.
 

During the period 1q79-1982, the world oil industry has experienced a
 
period of considerable turmoil. In 1979 and 
1980, perceived shortfall
 
in world oil supplies was accompanied by rapidly rising p).ices 
for
 
crude oil and petroleum products 
on both the spot and contract
 
markets. Slnc 
. early 1981, however, low economic growth, high oil
 
prices, conservation and the increasing availability of non-oil energy

supplies have combined to produce a substantial reduction in worldwide
 
oil demand. By mid-1981, it became apparent that world oil supply was
 
again sufficient 
to meet demand and, since that time, oil markets have
 
remained weak, with spot prices of most crude 
oils falling below
 
official prices and petroleum products prices failing to cover crude
 
oil prices. 
 Poor worldwide economic conditions have contributed much
 
to weaken oil demand.
 

In this environment, it has become increasingly 
difficult to assess
 
future trends in worldwide energy and petroleum markets, 
and in
 
parricular, to assess possible future trends 
in oil prices. In fact,

the history of the 1970s shows that crude oil price 
forecasting

contains many inherent uncertainties; nevertheless we beiieve that the
 
sources, nature and implications of these 
market and political
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uncertainties can 
be examined rationally to ensure that they are

consistently reflected in 
a long range price forecast. To essist us
 
in this process, we use a Delphi 
or survey technique, the most recent
 
round of which was conducted in July/August 1982, and which was the
 
seventh of a series 
formally initiated in 1977. 
 It, is this forecast
 
which is presented in this report.
 

Since 
this forecast was prepared, and since our analysis was first
 
presented in December 
1982, world crude oil prices have continued to
 
decline. Spot prices particularly have weakened considerably and the
 
contract prices for both non-OPEC and some OPEC crude 
oils have been
 
reduced in early 1983. 
 At the time of preparing our final report the
 
ability of OPEC's members to 
maintain price cohesion and 
reach a
 
sustainable agreeement on production 
 ouotas is in question.

Accordingly in completing 
 the analysis an extensive sensitivity

analysts has been conducted to assess the impact of 
lower prices on
 
the Mombasa alternative secondary investment projects. This analysis
 
will be presented in Chapter V.
 

B. THE HISTORIC PERSPECTIVE
 

During the 
1970s the world oil market has experienced two major price

crises as shown 
in Figure IV-1. In 1973/1974 a "looming" crisis
 
occurred in which oil demand 
progressively approached 
a real supply

limitation, creating a demand-induced crisis which was 
then amplified

by the Arab oil embargo. The spot price of 
Arab Light crude oil at
 
first rose to almost S16/barrel and then settled 
around $10/barrel

following the crisis. The second crisis which began in 1979, and
 
which has now abated, can 
best be described as an "event-triggered"

crisis resultirg from a sharp and unexpected supply cutback, 
as
 
Iranian production was dramatically reduced 
during the revolution.
 
Supply uncertainty persisted throughout 
 1979 and 1980 and was
 
exacerbated by the hostilities between Iran and 
Iraq which started at

the end of 1980. Throughout this 
period the industry was building

inventories to all-time high levels, fearing that supply could be
 
under threat and that prices might again ratchet upwards unexpectedly.

These uncertain conditions persisted until the end of 
1981/early 1982.
 
At this time it became clear that oil demand was declining due to the
 
worsening economic environment and there was a more general perception

of ample supply. 
 For the first time since 1978, spot prices fell
 
below contract levels as the 
industry attempted to sell-off excess
 
inventori -. In the meantime the contract price of 
the OPEC marker
 
crude ol risen from $12/barrel at the end of 1978 to 
S34/barrel
 
in 1982
 

Both of th, 
 970s price crises occurred because supply was inadequate
 
to meet demand at prevailing prices. 
The short-run price inelasticity

of oil demand caused spot prices 
to soar as buyers scrambled for
 
supplies, official sales prices 
increased progressively, and between
 
1979 and 1981, multi-tier pricing prevailed as different producers
 
were more or less aggressive in seeking to raise contract prices to
 
spot levels.
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FIGURE IV-1 EVOLUTION OF ARABIAN LIGHT CONTRACT AND 
SPOT CRUDE OIL PRICES - 1970 TO 1982 
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The oil price changes of the 1970s have created a new world oil supply

and demand environment 
to which both consuming and producing countries
 
are still trying to adapt. As shown 
in Figure IV-2 oil consumption

during the 1960s was increasing at a rate of about 8% 
per year

worldwide. However, pressures on 
supply began to surface in the early

1970s, as Libya and then othur producers began to push for higher

prices, resulting in the renegotiation of the former 
oil concession
 
agreements (the participation agreements of 
late 1972).
 

In spite of what were 
at the time significant price increases and
profound institutional changes 
in the industry's structure, demand
 
growth continued unabated through 1973 and 
the demand for OPEC oil

approached physical production capability in 
the third quarter of that
 
year leading to rapidly increasing spot oil prices. Prior to the

crisis many forecasters predicted continuing growth in oil demand;

however, following the 
1973/1974 price increase, demand experienced a
 
marked decline during 1974/1975, before renewed growth occurred during

the 1976 to 1978 period as 
world economies rebounded. The world
 
appeared at 
this stage to have accommodated to 
the new level of prices

and "supply complacency" returned to the market. 
 Many forecasters
 
again predicted renewed long-term demand growth as 
the OPEC countries
 
were once again called upon 
to supply in excess of 30 million barrels
 
per day in 1976 and 1977. An apparent oversupply in 1977 was followed
 
by inventory drawdown in 1978. 
 Concerns over supply surfaced again in

late 1978 
as a result of the cutbacks in Iranian crude production

during and following the revolution. Demand has 
 since fallen
 
dramatically as a result in 
part of the massive price increases which
 
occurred up to 1981.
 

As a result of the dramatic oil price increases which occurred during

the 1970s significant changes have occurred in economic growth, energy

demand and energy supply. These changes are summarized in Figure IV-3
 
which considers trends in growth rates for the following periods:
 

* The pre-crisis period, 1965-1973;
 
* The post-crisis period, 1973-1978; and
 
* 
 The second crisis period, 1978-1981.
 

Considering first 
the United States, the pre-1973 outlook was for
 
declining oil 
and gas reserves, a growing dependence on oil imports

and increasing environmental concerns affecting energy supply and use.

Following the 
1973 crisis, however, government policy has evolved so
 
as to increasingly 
expose U.S. consumers to international energy

prices both to encourage conservation through a combination of mandate
 
and price incentives and to develop the supply and use 
of alternative

fuels. The 
growth of GNP has successively declined in each of the
 
three periods indicated above. As a consequence, energy demand growth

has been severely curtailed 
and as a result of conservation and

industrial change the 
energy coefficient (the relationship between
 
energy demand and economic 
growth) has been significantly reduced
 

IV-4
 

& ArthurDL lt\, Inc. 



FIGURE IV-2 FREE WORLD OIL DEMAND TRENDS 
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FIGURE IV-3 HISTORICAL EVOLUTION OF GNP, AND ENERGY SUPPLY AND DEMAND 
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below the 1973 levels. As a result of increases in non-oil energy

supply, 
a 5.2% per annum growth rate in oil demand in the pre-1973

cri3is period has been switched to a 5.5% decline in oil demand in the
 
period 1978 to 1981.
 

Broadly similar trends emerge from an analysis of Western Europe 
and
 
Japan. In both, GNP growth has declined and energy growth rates have
 
declined dramatically. Non-oil supply has 
increased significantly,

particularly for Japan and a result has been
as there a switch from
 
rapidly growing oil 
demand in the pre-1973 period to declining oil

demand (at a rate of 4.5% per annum) in the 1978 to 1981 period. As
 
the chart shows, even in the developing countries, both energy and oil
 
consumption growth rates 
have been moderated but to a smaller extent.
 
This is because of continued strong economic growth in 
the OPEC
 
countries as well as 
in other oil exporting countries such as Mexico.
 
In the developin6 world, there are 
 fewer opportunities for
 
conservation and more limited access to large-scale alternative energy
 
resources. Despite oil
this, demand growth rates in the developing

countries have also declined from 
an average growth of 8.3% per annum
 
in the pre-1973 period to a rate of increase of 2.9% per annum in the
 
1978 to 1981 period.
 

In all the major consuming regions, 
a number of changes have taken
 
place to reduce energy requirements, including conservation and a
 
switch in 
the focus of economic activity toward less energy intensive
 
activities, the elimination of energy waste, the improvement of energy

utilization efficiency, changes social
and in 
 and economic habits.
 
The effect of these trends is shown in Figure IV-4, in which an energy

conservation index has been 
calculated for the United States, Europe

and Japan to demonstrate the extent to which energy has been used more
 
efficiently during the 1970s 
and early 1980s. The trends in the
 
United 
States and Japan reflect national government efforts to
 
initiate major conservation programs and the significant restructuring

of industry, particularly in Japan. Changes in the energy

conservation index for Europe 
are less dramatic than for those in the
 
other two major world consuming areas because of the greater diversity

of government action in Europe and a more 
limited opportunity for
 
conservation in general.
 

The turbulence in world oil markets during the 
1970s and early 1980s
 
and the negative impact of hiher oil prices on economic activity, has
 
reinforced the view of many industrialized governments that historic
 
levels 
 of dependence on imported oil constituted a fundamental
 
weakness in their ability 
to manage their economies. However, the
 
degree to which they have been able 
or willing to impose effective
 
energy policies varies substantially from country-to-country.
 

As shown in Figure IV-5, the principal options open to governments to
 
reddress the impact of higher oil prices are:
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FIGURE IV-4 ENERGY CONSERVATION INDEX 
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FIGURE IV-5 GOVERNMENTAL INFLUENCE ON ENERGY PRODUCTION AND USE 
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* To manage the demand for energy;
 
* To seek to substitute alternative energy forms for oil;
 
* To develop indigenous energy resources;
 
* To diversify energy supply; and
 
o To accelerate the development of new energy forms. 

While most of the Industrialized countries 
have made international
 
political commitments, notably through the TEA and EEC, to develop

comprehensive energy programs reflecting the above options, the degree

of actual progress made towards implementing these programs varies
 
from country-to-country. Differences exist between the economies,
 
climate, geography, energy resources and capital stock in these
 
countries which make comparisons between their various energy programs

difficult and Countries with
complex. significant energy-producing
 
capabilities or potential have a wider range of policy options open to
 
them to achieve energy objectives than in those countries with more
 
limited conventional energy supply opportunities. These latter
 
countries are forced to place 
more emphasis on conservation, the
 
development of nuclear power and non-conventional energy forms and 
on
 
Imports of alternatives to oil (natural gas and coal).
 

Public attitudes have also played an important role in defining
 
present national energy strategies. Compared with strategies
 
formulated in the aftermath of the 1973/1974 price increases, public

attitudes have now clearly diminished the roles of nuclear power and
 
of conventional oil and gas development and have enhanced the roles of
 
conservation, coal, and small-scale renewable energy resources. The
 
impact of conservation is particularly difficult to assess since it
 

technical
depends on potential by end-use sector, the constraints on
 
achievement of that technical potential 
and the economics of the
 
different levels of Investment in conservation. However, it is useful
 
to 
distinguish between various general forms of conservation as rhown
 
in Figure IV-6, ranging from simple housekeeping actions (which can be
 
taken at no 
cost), to the invention and commercialization of new
 
technologies for direct or 
indirect energy conservation (which involve
 
long lead times and significant investment for research, development
 
and commercialization). During the 1970s in the developed countries,
 
many of the easier conservation actions have been taken, including
 
housekeeping, screwdriver, 
retrofit and some investment. However, in
 
assessing trends in future energy demand, it 
is important to recognize
 
that those conservation actions with a heavy investment component may

take many years to impact demand since they involve long lead times
 
and the turnover of capital equipment and stock.
 

In summary, and as 
shown In Figure IV-7, the importance of oil in the
 
energy balance of the three major consuming regions has declined 
as a
 
result of government policy and the factors described above. 
Despite
 
the failure of alternative energy supplies to live up to the
 
expectations generated after the 1973 crisis, the reductions in total
 
energy demand had been sufficient by 1980 to cause a reduction in
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FIGURE IV-6 FORMS OF CONSERVATION - SOME TYPICAL EXAMPLES
 

Transportation Residential/Commarcial Industrial 

"HOUSEKEEPING" 0 Reduce speeds 0 Lower thermostats 0 Clean windows/vents 

* Use more efficient aircraft * Close windows e Maintain boiler 
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0 Insulate water heater * Replace broken windows 
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FIGURE IV-7 HISTORICAL CONTRIBUTIONS TO PRIMARY ENERGY SUPPLY. 1965-1980 
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dependence on oil in all three developed areas versus the 1973 levels.
In the U.S. oil actually increased its share of 
total energy between
1973 and 1978 largely 
as a result of contemporary government policy
which restrained 
 domestic oil 
 prices below international parity
levels. Since 
1978, U.S. domestic oil prices have been progressively
de-controlled, a 
process which 
 was finalized 
 by the
Administration Reagan
in early 1981. As a consequence,
accounted for only 437 
by 1980, oil
of total energy demand compared to 49% in 1978.
In Japan and 


declined between 
Western Europe, the importance of oil progressively


19'/3 and 
1980 to reach 63% and 52% respectively of
total energy demand in each region in that year.
 

Against 
this historic perspective, 
it is important to understand
likely future trends 
In oil's role 

attention must next be focused on 

in world energy demand patterns;

the factors affecting the supply of
primary energy and on demand by end-use sector for each area.
 

C. UORLD ENERGY AND OIL DEMAND OUTLOOK
 

1. World Energy Outlook
 

The world energy and 
oil demand and supply projection (upon which
Arthur D. Little's July/August 1982 
long-term projection of crude oil.
prices was based) was 
developed during the 
first half of 
1982. Our
forecast presupposed 
that world economies would 
recover in 1982. 
 The
continued economic downturn and the much slower rate of recovery which
now appears likely make this 
case 
now appear optimistic and 
cause us
to believe 
that it should be treated as 
an upper limit forecast. It
now appears more likely that economic recovery will not commence until
the second half of 1983 (or

growth in energy and oil 

even into 1984) thus delaying renewed
demand. Absolute crude oil. prices could thus
be lower than those considered likely in mid-1982.
sections present In the following
we 
 the underlying demand 
and supply forecasts upon
which the oil
crude price forecast was 
based. Comments will be
included as appropriate to 
indicate the great uncertainty surrounding
both short and long-term oil prices.
 

World 
energy demand is expected to grow at 
1.9% per annum on average
between 1980 and 
2000 as shown 
in Table IV-I. This is significantly
below the growth rates which prevailed before 1973, but is similar to
the rate of growth experienced between the two oil 
crises of the
1970s, before 
the further downturn 
in demand which occurred in 1979

and 1980.
 

Underlying this 
projection 
of world energy demand are the GNP
forecasts presented 
in Table IV-2 which show GNP in the
consuming areas growing at major

rates of between 
2.3% per year in Western
Europe between 1985 and 2000, and 3.5% per year in Japan over the same


period.
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TABLE IV-1
 

FREE WORLD ENFRGY CONSUMPTION
 
(million of tons of crude oil equivalent)
 

Annual Average Growth Rate 

1980- 1985- 1990- 1995- 1980-
Developed Countries 1980 1985 1990 1995 2000 1985 1990 1995 2000 2000 

United States 1916 1870 1955 2086 2291 (0.5) 0.9 1.3 2.9 0.9 

Europe 1327 1388 1498 1643 1790 0.9 1.5 2.9 2.7 2.5 

Japan 386 415 476 535 586 1.5 2.8 2.4 1.8 2.1 

Other Developed Countries 350 373 410 449 494 1.3 1.9 1.8 1.9 1.7 

Sub-Total 3979 4046 4339 4713 5161 0.3 1.4 1.7 1.8 1.3 

Developing Countries 

OPEC 209 284 359 448 557 6.3 4.8 4.5 4.5 5.0 

Other Developing Countries 727 878 1039 1245 1468 3.9 3.4 3.7 3.3 3.6 

Sub-Total 936 1162 1398 1693 2025 4.4 3.8 3.9 3.6 3.9 

TOTAL FREE WORLD 4914 5208 5737 6406 7186 1.2 2.0 2.2 2.3 1.9 

Share of Developing 19.0 22.3 24.4 26.4 28.2 

Countries (%) 



TABLE IV-2
 

ENERCY AND ECONOMIC GROWTH
 

Actual 
 Forecast
 

1965-1973 1973-1978 
 1978-1985 1985-2000
 

GNP (%/YR GROWTH)
 

United States 3.9 2,7 2.4 
 2.5
 

Europe 
 4.7 2.1 
 2.0 2.3
 

Japan 
 10.5 3.6 3.8 
 3.5
 

ENERGY (%/YR GROWTh)
 

United States 
 4.3 0.9 0.7 
 1.4
 

EuropL 5.0 0.6 
 0.7 1.7
 

Japan 11.1 
 0.5 1.1 
 2.3
 

ENERGY COEFFICIENT
 

United States 
 1.1 0.3 
 0.3 0.6
 

Europe 
 i.i 0.4 
 0.3 0.7
 

Japan i.i 
 0.1 0.3 
 0.7
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Our forecast reflects the 
significant change in the relationship

between energy demand and economic activity which has occured In the
 
period following 1973. As 
shown in Table IV-2, we now anticipate
 
energy coefficients in the three 
 major consuming areas of
 
approximately 0.6 to 0.7 in the forecast period 1985 to the year 2000.
 
Coefficients will 
be even lower in the short-term period to 1985.
 
Basically, we believe that 
 in the U.S. economic growth can be
 
sustained with little further increase in energy consumption. This is
 
a resulc of the still significant potential for energy conservation in
 
the domestic sector, encouraged by federal tax incentives and by

mandated improvements in automobile efficiency. 
 In Europe and Japan,
 
we expect energy consumption to grow more rapidly 
in the forecast
 
period than in the period 1973 
to 1978 as the potential for further
 
conservation 
diminishes. Nevertheless the relationship of energy

consumption to economic activity 
will be sharply lower than in the
 
pre-1973 period.
 

Growth rates of energy consumption in the developing world since 1973,
 
taken as a whole, have not shown as large a reduction as in the major

industrial economies. Our projections continue 
to show higher rates
 
of growth in energy consumption for these countries compared with the
 
developed world. However, a significant portion of this growth will
 
take place in the OPEC (and other oil-exporting) countries. By the
 
year 2000, energy demand in the developing countries as a whole will
 
represent almost 30% 
of total free world demand, compared with less
 
than 20% in 1980.
 

Figure IV-8 shows projected energy and oil 
growth for both developed

and developing countries split into two time periods--1980 to 1985 and
 
1985 to the year 2000. The principal features of the forecast 
are as
 
follows:
 

* 
 The growth in energy demand in the developed countries will
 
be higher in the period 1985 to 2000 than in the period 1980
 
to 1985. By contrast, 
the growth in energy demand in OPEC
 
and other developing countries will be higher in the period

1980 to 1985 than in we
the period 1985 to 2000. Overall 

project world energy demand increasing at 1.2% per annum
 
between 1980 and 
1985 and at 2.2% per annum between 1985 and
 
2000. Based on a more pessimistic (but realistic)

short-term economic outlook, the rate of 
increase in the
 
early period may be somewhat optimistic.
 

" The contribution of oil to total energy supply in each of
 
the major industrialized regions will decline sharply during
 
the forecast period.
 

" The contribution of non-oil energy supplies will increase
 
dramatically in the developed countries during the forecast
 
period.
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FIGURE IV-8 PROJECTED ENERGY AND OIL GROWTH 
(%/Yr) 
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* 	 In the U.S., natural gas will lose market share to other
 
fuels but its share is likely to increase in Japan as 
a

result of increasing LNG imports. 
 Gas will hold its market
 
share in Europe, again as a result of increasing marine and
 
overland imports of natural gas.
 

• 	 The rapid decline in world coal consumption whico occurred
 
in the 1960s 
and 	early 1970s has now been reversed and

significant expansion in coal consumption can be expected In
 
all areas. Coal consumption will, however, continue 
to be
 
constrained by burning capability and by 
the transportation

Infrastructure during most of the forecast period. 
The coal
 
resource base is more than adequate to meet the planned

expansion and production anticipated in this forecast.
 

* 	 The developing countries, and particularly the non-oil
 
producing countries, face a particularly difficult energy

future. The large scale, high investment-ccst, energy

technologies such as nuclear 
power and oil have limited
 
applications outside the larger developing 
countries and
 
therefore the poorer countries 
 are 	 expected to put

increasing 
emphasis on small-scale technologies such as
 
biomass conversion, mini-hydro and (later in 
the forecast
 
period) on exotic technologies such as photo voltaics.
 
Although these will make some contribution toward reducing

the rate of growth of demand for commercial energy in the
 
developing countries, their contribution is likely to be
 
limited until late in the period.
 

Developing countries differ widely in their 
economic, social and
 
political structures and in their prospects for future economic and
 
energy development. As shown in Figure 
IV-9, these countries can
 
conveniently be categorized as:
 

* 	 Oil exporters,

• 	 Low energy-import dependency countries,
 
* 	 Newly industrialized 
countries with higher energy-import
 

dependency, and
 
• 	 Resource-poor countries.
 

The 	oil exporting countries will continue 
to exhibit high rates of
 
economic growth with their energy requirements being met largely from
indigenous oil and natural gas. 
 Rates of growth of energy demand in
 
these countries will moderate, however, as infrastructure development

matures. Countries with low energy-import dependencies will be

attempting to maximize the development of their own indigenous energy

resources and will seek to curb use
energy so as to eliminate or

severely limit energy 
imports. The newly-industrialized countries
 
such as Brazil, South Korea and Taiwan face 
difficult problems.

Typically, their economic 
growth has been based on energy-intensive

industries using imported energy. 
These countries are rapidly seeking

to achieve a reduction in energy ur, by conservation and through
 

IV-18
 

AAfhw .r Utl Inc. 



FIGURE IV-9 DEVELOPING COUNTRIES 

Category Typical Examsples Characteriatica of Future Energy Deveopmeant
 

OIL EXPORTERS 0 OPEC Countries 0 High energy demanu growth
 

* Mexico 	 0 Oil and natural gas predominant energy source 

* Malaysia 	 0 More than self-sufficiency in energy 

II. LOW ENERGY IMPORT 0 Argentina 	 0 14ulti-fuel economics 
DEPENDENCE
 

0 Colombia 	 0 Devt-lop indigenous resources 

0 India 	 0 Aim i r self-sufficiency 

o Pakistan 

III. NEWLY INDUSTRIALIZED 0 Brazil 	 0 Aim to reduce energy growth by conservation 
COUNTRIES WITH HIGH
 
ENERGY IMPORT 0 Philippines 0 Accelerate domestic energy sources (including renewables)
 
DEPENDENCE
 

0 South Korea 	 0 Diversify energy supply sources (e.g., coal) 

* 	 Taiwan but 

0 Will remain dependent on energy imports 

0 Economic growth may be constrained 

IV. RESOURCE-POOR * Bangladesh 0 Limited economic growth prospects
 
COUNTRIES
 

0 Paraguay 0 Accent on low capital cost energy sources
 

0 Somalia 	 0 Emphasis on renewables (biomass, low-head hydro, etc.) 

0 Senegal 	 0 Dependent on imported oil 



restructuring their industrial 
base so that economic growth will not

be impaired by high 
energy costs and energy-import dependency. The
 
outlook for the resource-poor countries is 
particularly worrying;

aliost without exception, they will have 
to rely heavily on imported

oil. Unless oil price increases are moderate, financial support
 
programs will likely be required to sustain growth in these countr4
es.
 
The emphasis in their policies is likely to 
be on developing low
 
capital cost energy sources with significant policy emphasis given to
 
improving the renewable resource base 
(predominantly fuel wood) in the
 
longer term.
 

As indicated above, 
the underlying implication in these forecasts is

that coal and natural gas will increase their share of total primary

energy dramatically. 
 The crude oil price increases of the late 1970s
 
have greatly enhanced the competitiveness of coal in domestic and
 
international markets and have stimulated electric utilities and large

energy-intensive industries (notably cement and steel) 
to convert to
 
coal. Major efforts are being made both in 
 the developed and

developing countries plan
to for future dramatic increases in coal
 
use. Thus, we anticipate that market penetration by coal will
 
continue. 
Coal will be the fuel of choice when existing large oil and
 
gas-fired industrial 
 boilers are replaced. Coal-fired power

generation is now the most economically attractive option available in
 
the industrial world. The growing importance of coal in the primary

energy balance is illustrated in Table IV-3, which shows coal growing

at an average 
rate of 3.9% per annum over the period 1979 to 2000 in

the free world. 
Growth in Japan is likely to be faster than either in
 
the U.S. or Europe.
 

The swing to coal will 
also be most pronounced in the major coal
 
reserve countries where 
coal is both abundant and cheap such as
 
Canada, Australia, South 
Africa, and India. However, as indicated
 
above, coal utilization will increase dramatically in Europe and Japan

relying on imports predominantly from the United States and Australia
 
in each case. The newly-industrialized countries of the Far East will
 
adopt similar policies to encourage the use of coal. Coal-oil price

differentials have 
now become sufficiently attractive to bear the
 
rclatively high costs of transporting, handling and using coal in 
an

environmentally acceptable fashion. 
 It should be noted, however, that
 
faltering oil prices (or a dramatic decline in real oil 
prices

resulting from the current 
oversupply situation), could cause 
some
 
reversal in trends toward major coal expansion.
 

The rise in oil prices has had a similar impact on the prospects for
 
gas consumption outside the U.S. which is expected to more than double
 
by the year 2000 over late 1970s levels, as 
shown in Table IV-4. Gas
 
development is highly capital-intensive, but 
 the dramatic price

increase has provided a strong economic impetus to gather flared gas

and develop remote, non-associated gas discoveries. Thus gas 
is
 
expected to increase its share of primary energy demand 
in Japan as a
 
result 
of LNG imports and in Canada, Australia, and New Zealand
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TABLE IV-3
 

GROWING IMPORTANCE OF COAL
 
II WORLD PRIMAPY ENERGY BALANCE
 

Share of Increase
 
Increase in Coal Use Annual Avcrage Coal's Share of in Primary Energy
 

(Mtoe) Growth Total Primary Energy Met by Coal
 
1978 2000 1978-2000 1978 2000
 

Total Free World 838 1924 3.9% 17% 27% 46%
 

of which:
 

U.S.A. 352 811 3.9% 28% 35% 143%
 

Europe 229 454 3.2% 17% 25% 48%
 

Japan 52 160 5.2% 14% 267 50%
 

I 



CHAPTER IV-4
 

GROWING IMPORTANCE OF NATURAL GAS
 

* OUTSIDE U.S.A. 

Europe 

Japan 

Canada 

Australia/New Zealand 

Developing Countries 

mmtoe 

187 

17 

40 

8 

110 

1978 

% of Primary 
Energy 

14% 

5% 

18% 

10% 

13% 

rntoe 

274 

87 

75 

27 

295 

2000 

% of Primary 
Energy 

15% 

14% 

25% 

17% 

14% 

0 U.S.A. 

Consumption 

Production 

Net Imports 

1978 
mmtoe 

504 

482 

22 

2000 
mmtoe 

472 

413 

59 
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through the development of indigenous gas resources. 
 In Europe, the
 
share of gas will increase slightly over the forecast period, and gas

utilization in the developing countries is expected to increase.
 

By contrast in the U.S. gas consumption is expected to decline mainly

due to the forecast decline in production. Net imports, predominantly
 
by pipeline from Canada 
and Mexico are expected to more than double
 
during the forecast period.
 

2. O1. Demand
 

As a result of the projected slow growth in energy demand and 
the
 
rapid growth in the supply of non-oil fuels, free world oil demand is
 
expected to show little growth from 
1982 levels over the forecast
 
period, as shown in Figure IV-10. 
 Demand is expected to remain below
 
49 million barrels per day throughout the 1980s, increasing to 
55
 
million barrels per day by the year 
2000. However, the increase
 
during the 1990s must be considered speculative at this stage, since
 
the impact of long-range energy supply and demand actions in response
 
to the 1979/1980 price rises is subject to much uncertainty. A slower
 
rate of economic recovery in the short-term will also have 
an impact
 
on this long-range projection. If oil prices were 
 to fall
 
dramatically (an assumption which does not 
underlie our forecast) then
 
oil demand could increase more rapidly than shown.
 

U.S. oil demand is expected to continue to decline sharply during the
 
forecast period; U.S. demand 
has already fallen from 18.3 million
 
barrels per day (net of processing gain) in 1978 to 15.4 million
 
barrels per day in 1980 and a further drop is expected to 13.5 -million
 
barrels per day by 1990. Thereafter, U.S. oil demand should
 
stabilize. European oil demand will show 
little change over the
 
period, declining from 13.6 million barrels 
per day in 1980 to 12.2
 
million barrels 
per day in 1990, then increasing to 13.4 million
 
barrels per day in 2000. Japanese oil demand is expected to remain
 
between 4.5 and 
4.9 million barrels per day throughout the forecast
 
period.
 

A significant feature of the forecast is the increasing share of total
 
free world oil demand of the developing countries. Oil demand in
 
these countries is expected to increase from under 20% of total 
free
 
world oil demand in 1978 to nearly 40% by the year 2000. Although the
 
OPEC countries and Mexico are responsible for much of this increase,
 
if the developing countries are unable 
to sustain the rate of growth

in oil demand envisaged in 
 the forecast because of financial
 
difficulties, 
 then oil demand in 2000 would be correspondingly
 
depressed.
 

As shown in Figure IV-11, oil use will be concentrated increasingly
 
towards premium applications such as transportation, petrochemical

feedstocks and non-energy 
uses, while heating and steam-raising
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FIGURE IV-10 FREE WORLD OIL. 1970 to 2000 
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FIGURE IV-11 OIL UTILIZATION
 

(PERCENTAGE OF TOTAL OIL USE)
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applications will 
be those substituted 
by coal, natural gas and
nuclear power. 
These trends are clearly demonstrated in Figure IV-11
for the U.S. 
(despite falling gasoline consumption) and for Japan and
Western Europe. In the developing countries, with 
less substitution

alternatives and 
a need 
to develop basic industries, the trends are
much less clear. In general, since heavy fuel oil is 
the most
susceptible to substitution, while the lighter products are those used
in the premium applications, a progressively lighter product 
demand
 
pattern can thus be 
expected on a worldwide basis. 
 This worldwide

trend is particularly relevant 
for the type of refinery conversion
project being considered for Mombasa. 
 In Kenya also, as indicated in
Chapter II, we expect the demand 
barrel to get lighter as coal
substitution takes place in the 
cement and other heavy 
industries and
 as 
the focus of economic development shift towards industries based on
 
indigenous raw materials.
 

3. Oil Supply
 

Against the 
 above trends in oil 
demand, we first consider the
potential for oil supply 
from the non-OPEC countries and then the
residual demand for OPEC oil and thus, the constraints under which the
 
OPEC producers will have to operate.
 

a. Non-OPEC Production Potential
 

Non-OPEC oiY. production (including OPEC NGLs) is expected to 
increase

from 22.6 million barrels per day in 1980 to almost 27 million barrels
 per day in 1985, thereafter declining slowly throughout the remainder
of the forecast period 
as 
shown in Table IV-5. U.S. production will
continue to decline (although this trend could be somewhat arrested by
new discoveries such as 
those 
recently made offshore California) and
North Sea production will peak 
in the 
late 1980s unless substantial
 
new discoveries are developed in 
 the U.K. sector. The major
contributor 
to the increase 
in non-OPEC production will be Mexico,

whose production is expected to increase from 2.1 million barrels per
day in 1980 to 5.5 million barrels per day In 
the year 2000. Other

small but useful additions to 
non-OPEC crude oil production capacity
will take place in Africa 
(Egypt, Angola, Ivory Coast), Malaysia and
Brazil. 
 Imports from the Eastern Bloc, however, will decline sharply

in the 
1980s reaching zero by the end of the forecast period.
 

The rate of production of OPEC NGLs will 
to some extent be dependent
upon crude oil production levels. 
 The projection shown in Table IV-5
allows for substantial increases from Saudi Arabia, Algeria and Iran.
 

The principal uncertainties in this supply outlook are:
 

. "Surprises" in virgin offshore areas (but long 
lead times
 
are likely to defer production from such sources in to the 
1990s),
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TABLE 	 IV-5 

NON-OPEC OIL SUPPLY
 
(Million Barrels Per Day)
 

Major Developed Countries 


United States 


Western Europe 


Canada 


Others
 

Africa 


Middle East 


Far East 


Latin America 


CPEs
 

Net Exports 


TOTAL LIQUIDS 


OPEC NGLs 


TOTAL 


Memo: 	North Sea 


Mexico 


1978 


10.3 


1.6 


1.7 


0.3 


0.6 


1.2 


2.5 


1.5 


20.2 


0.6 


20.8 


1.4 


1.3 


1980 


10.2 


2.5 


1.7 


1.0 


0.5 


1.1 


3.4 


1.? 


21.7 


0.8 


22.6 


2.1 


2.] 


1985 


9.8 


3.6 


1.6 


1.7 


0.5 


1.7 


5.5 


1.0 


25.3 


1.4 


26.7 


3.1 


3.7 


1990 2000
 

9.0 8.1
 

3.0 2.6
 

1.5 1.2
 

2.1 2.1
 

0.6 0.5
 

1.8 1.5
 

6.4 7.4
 

0.5 "
 

24.9 23.4
 

2.8 1.9
 

26.7 25.6
 

2.6 2.1
 

4.5 5.5
 

Crude oil and natural gas liquids.
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* 	 Political factors (especially affecting Mexican, North Sea
 
and CPE exports), and
 

0 	 The impact of a period of depressed oil prices, which woulu'
 
curtail exploration expenditures and tend to slow-up

production development. Faltering oil prices 
in early 1982
 
and perceptions of a possible decline (or at best level
 
prices) in real terms for several years, are already

impacting exploration activity levels throughout the u)rld.
 

b. Required OPEC Production
 

Assuming no significant or dramatic change in crude oil 
prices, the
 
demand for OPEC crude oil during 
the 	1980s can be expected to lie
 
between 
I8 and 22 million barrels per day. As shown in Figure IV-12,

this is well below the production levels sustained by OPEC throughout

the 1970s. These trends in the demand for OPEC oil 
in the 1980s must
 
be considered in light of 
some major uncertainties regarding economic
 
growth, which can be broadly categorized into cases, as follows:
 

* 	 An early economic take-off case, the economic and energy
 
demand projection described above;
 

* 	 A more measured economic recovery case (delayed recovery
 
into 1984) thus causing a slower growth in oil demand during
 
the 1980s; and
 

s 	 A deferred recovery case, in which it is 1985 before real
 
economic growth resumes 
and, as a consequence, oil demand
 
growth is much lower in the 1980s than 
in the other two
 
cases.
 

On the other hand, if oil prices were to decline dramatically, in the
 
longer term oil demand could be expected to increase much more rapidly

from 	present levels, as illustrated 
in Figure IV-12. Demand for OPEC
 
oil could, in these circumstances, increase to 
more 	than 25 million
 
barrels per day by 1990. 
 In all other cases, the demand for OPEC oil
 
would remain between 
18 and 23 million barrels per day throughout the
 
1980s.
 

In reviewing this outlook it 
should be noted that the exceptional

market conditions of 198?, when major inventory 
drawdowns depressed

demand for OPEC crude, are 
unlikely to re-occur unless 
there is
 
another supply crisis. However, the demand for OPEC crude oil could
 
also 	fall below the levels shown if:
 

0 
 Consumers and consuming governments were forced to mai:itain
 
maximum emphasis on energy conservation and alternative
 
energy supplies because of fears 
of a further sharp price

increase or expectations of a politically-induced supply
 
interruption;
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FIGURE IV-12 DEMAND FOR OPEC CRUDE OIL
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" 
 The economic recession continues beyond 1985;
 

" Further destocking of inventories takes 
place because of
 
economic conditions; or if,
 

" There were 
to be a marked trend toward less energy-intensive
 
industrial growth arnd 
 'i-sultinglower energy coefficients.
 

Arthur D. Little's forecasts of the likely demand for OPEC crude oil
during the 1980s are 
lower than most of those which have recently been
published. 
 In part, our pessimism is caused 
by our belief that the
currently difficult 
worldwide economic conditions are likely
persist to
longer than currently anticipated by most forecasters. Our
own "base case" forecast prepared in 1982, an
early reflects
overly-optimistic outlook 
for economic, energy and oil 
demand growth
in the developing countries. 
There is already some evidence that the
growth 
in oil demand in these countries is being more severely
curtailed by economic conditions 
than we had earlier expected. We
also note that in many countries, strong efforts are 
being made to
raise domestic petroleum product 
prices to international parity
levels. 
 Exposing domestic consumption to international price levels

will likely act to severely curtail growth oil in
in demand the
 
developing countries.
 

The forecast is also sensitive to the cancellation or postponement of
high-risk, non-oil supply projects 
such as LNG, the major gas

transmission pipelinej planned for Alaska and the USSR and the growth
in coal production and consumption. 
 These major projects could,
particularly if taken 
in eggregate, have a significant impact on
required oil supply from 

the
 
-he OPEC countries. For example, if coal
growth were to be reduced by 25% over that assumed in our base case
projection, then the demand for 
OPEC oil in 1990 would be some 1.5
million barrels per day higher than the level 
projected in Figure


IV-12.
 

In Table IV-6, some 
 OPEC crude oil production thresholds 
are
postulated to the
assess extent to 
which OPEC could have difficulty
in maintaining cohesion, during 
the mid-1980s, when the 
demand for
OPEC oil 1c 
likely to remain well below maximum sustainable capacity,
currently assessed 
at slightly in excess of 32 
million barrels per
day. In recent years, additions to capacity have been given much
lower priority than in the pre-1973 period, except in those countries
with rapidly rising revenue requirements. We now expect that OPEC's
sustainable capacity will be maintained at around 32 million barrels
 
per day throughout the forecast period.
 

In aggregate, the minimum levels of production required to sustain the
current 
economic development program in each country, would require 
a
production at today's price 
levels of slightly below 19 million
barrels 
per day. At these individual levels 
of production, the
countries would not have to withdraw from their financial reserves 
to
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Revenue Replete
 

Saudi Arabia 

Kuwait 

Qatar 

UAE 

Neutral Zone 

Sub-Total 


Revenue-Hungary
 

Algeria 

Libya

Nigeria 


Gabon 

Venezuela 

Ecuador 

indonesia 

Sub-Total 


War Zone
 

Iran 

Iraq 

Sub-Total 


TOTAL OPEC 


Full-Scale War
Moderation 

-Peace/Reconstruction


Pec/ecntutin30 


Current 

Maximum 


Sustainable 

Capacity 


10.5 

2.2 

0.6 

2.4 

0.6 

16.3 


0.8 

2.1 

2.2 


0.2 

2.4 

0.2 

1.6 

9.5 


3.0 

3.5 

6.5 


32.3 


TABLE IV-6 

G0-EC CRUDE OIL PRODUCTION THRESHOLDS
 
(Millions of Barrels Per Day)
 

Estimated
 
Required for 2Q 1982
 

Current Develop- 1982 Production 

ment Program Ouota (9 mos.) 


6.5 7.0 6.6 

1.0 0.65 0.7 

0.3 0.3 0.3 

1.0 1.0 1.2 


0.3 0.3 

8.8 9.25 9.1 


0.7 0.65 0.6 

1.0 0.75 2.0 

1.5 1.3 1.3 

0.2 0.15 0.1 
1.8 1.5 1.8 

0.2 0.2 0.2 

1.5 1.3 1.3 

6.9 5.85 6.3 


2.2 1.2 1.6 

0.8 1.2 0.9 

3.0 2.4 2.5 


18.7 17.5 17.9 


1.2 0.8 2.0
1.6 1.4 4.0
 
3.0 3.0 6.0
 

. .
 

Estimated 

"Minimum" 


5.5 

0.7 

0.3 

1.0 

0.3 

7.8 


0.7 

0 8 
1.3 

0.2 

1.5 

0.2 

1.3 

6.0 


1.2 

0.8 

2.0 


15.8 


Estimated
 
"Comfortable"
 

7.5
 
1.i
 
0.4
 
1.5
 
0.3
 
10.8
 

0.8
 
1.5
 
2.2
 
0.2
 
2.2
 
0.2
 
1.6
 
8.7
 

3.0
 
3.0
 
6.0
 

25.5
 



sustain current economic development programs. Production could of
 
course, as it has in the past, fall below this level if the countries
 
were willing to either curtail their economic development programs or
 
to withdraw from their financial reserves in order to sustain these
 
development programs. Also shown in Table IV-6 are the second quarter
 
1982 quota levels agreed to unofficially by OPEC members in the wake
 
of the price collapse which occurred in the fiest quarter of the year.
 
OPEC members unofficially agreee to an aggregate production level of
 
17.5 million barrels per day, During the first 9 months of 1982
 
member countries collectively corstrained production to a level of
 
17.9 	million barrels per day.
 

Taking account of revenue requirements for development, financial
 
reserves and the political and economic objectives of each OPEC
 
country, two threshold levels for OPEC production can be postulated:
 

* 	 A "minimum" level, below which OPEC member countries would
 
be unwilling to allow production to drop for an extended
 
period of time. This level is assessed at 15.8 million
 
barrels per day assuming continuation of severe hostilities
 
between Iran and Iraq (the war zone countries) constraining
 
their joint production to 2 million barrels per day.
 

* 	 A "comfort" level, representing production targets toward
 
which individual countries would hope to move in order to
 
achieve their revenue objectives. Assuming the war between
 
Iran and Iraq were to cease, this comfort level would rise
 
to in excess of 25 million barrels per day since both of
 
these countries would seek to produce oil at relatively high
 
rates in order to reconstruct their war-torn economies.
 

In fact the hostilities between Iran and Iraq represent a major
 
uncertainty in this outlook. Iran continues to take price and volume
 
decisions outside the OPEC framework and has consistently refused to
 
be bound by OPEC's suggested production quota. Both countries will
 
need revenues to build their economies and as a consequence,
 
production could escalate rapidly if the war ceases.
 

It is apT-rent that the estimated minimum case I.s below the likely
 
demand for OPEC oil even under the delayed recovery projection shown
 
in Figure IV-12. une conclusion is that for relatively short periods
 
of time, OPEC rroduction could fall to as low as 15 million barrels
 
per day without placing unbearable strain on the ability of the member
 
countries to maintain a coordinated price front. However, this
 
situation is obviously untenable over a sustained period of time. At
 
the upper end of the scale, OPEC's comfort level (at an aggregate
 
production in excess of 25 million barrels per day) would not be
 
reached even in the early economic take-off demand case until well
 
into the 1990s. If prices were to collapse, however, demand could
 
exceed this level by 1990. Of course at lower prices, the production
 
of individual member countries would have to increase if economic
 
development were to be maintained at its current pace in certain of
 
these countries.
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The resolution of these strains 
on the OPEC members is critical to the
maintenance of price cohesion in the short- to medium-term.
 

At the time of writing, OPEC has agreed 
a new production ceiling of
18.5 million barrels per day in the 
Ist quarter 1983 and 
to maintain

the $34/Bbi official price for Arab 
Light. However, spot prices
remain well below 
contract levels 
and 1983 and 1984 promise to be
extremely difficult years 
for OPEC, unless economic recovery 
occurs
 
earlier than we would now expect.
 

Our approach to assessing the pressures 
 on supply and demand
implicitly assumes 
that OPEC will continue 
to play the balancing role
in world oil supply. 
With the possible exception of Mexico, it does
not appear that any non-OPEC nation will have 
sufficient flexibility

to allow it to adjust production so as to have 
a significant impact on
the world oil supply/demand balance during 
the forecast period. Our
projections suggest that 
the demand 
for OPEC crude oil will lie well
below OPEC's comfortable production level during 
the 1980s and well
into the 1990s. This substantial cushion of 
excess supply indicates
that market conditions are 
likely to remain slack throughout the 1980s
and that 
the impact of a supply cut-off (other than a complete

shut-down 
in Saudi Arabia 
or a total war in the Mid-East) would be
limited. Furthermore, in the aftermath of a cessation of hostilities

between Iran and Iraq, there will be 
severe pressure on OPEC cohesion
 
as both countries seek 
to increase their production. Luring the
1990s, and assuming 
that oil demand recovers, as suggested in
demand forecast presented above, market 

the
 
conditions should firm up and
the cushion of surplus supply 
should be progressively reduced,


increasing the vulnerability of 
thus
 

the oil supply/demand balance to an
"event-triggered" oil crisis.
 

The implications 
of the above supply/demand balance 
for long-term

prices are considered in the following section.
 

D. 
CRUDE OIL PRICE PROJECTION
 

1. Evolution of the Oil Market in 1982
 

Prior 
to considering the long-term price projections, developments in

the 
oil market in 1982 are reviewed since they are critical to the
short-term evolution of prices which will set the stage for long-term
price progression. The schematic in Figure 
IV-13 illustrates the
development of the market and 
the various 
events which have occurred
 
during 1982.
 

Following the dramatic price increases of 1979 and 
1980 triggered by
the internal Iranian crisis, 
and the subsequent war between Iran and
Iraq, the oil market was subjected to a period of critical uncertainty

through the 
end of 1981. 
 During this period, there was a continual
 
fear that supply could 
be severely interrupted by further political
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FIGURE IV.13 EVOLUTION OF OIL MARKET: 1982 
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events and that prices might escalate rapidly. Accordingly,
 
inventories were built up to provide a supply cushion to guard against
 
further disruption and to hedge price increases. By the end of 1981,
 
however, it was apparent that demand would not reach expected levels
 
due to economic conditions and there was an increasing perception
 
throughout the industry of supply security. Accordingly, inventories,
 
which had risen to all-time high levels were drawndown. There were,
 
in fact, strong economic incentives for inventory drawdown due to high
 
interest rates and the expectation that prices would at best remain
 
constant in real terms in the near-to-medium term. Accordingly,
 
during the last quarter of 1981 and the first quarter of 1982,
 
inventories were withdrawn rapidly sometimes at the rate of 3 to 4
 
million barrels per day. This resulted In a sharp reduction in the
 
demand for OPEC oil which declined from in excess of 31 million
 
barrels per day in mid-1979 to an all- time low of 17 million barrels
 
per day in the second quarter of 1982. in fact, during 1981,
 
production declined from 25 million barrels per day in the first
 
quarter to 21 million in the third and fourth quarters. This rapid
 
reduction in the demand for OPEC oil led to falling spot prices--(the
 
spot fob price of Arab Light crude oil in the Arabian Gulf declined
 
from $34 per barrel to 928 per barrel in the first auarter of 1982 and
 
of North and West African and North Sea crudes from in excess of $36
 
per barrel to just under $30 per barrel during the same period). At
 
this time many producers, particularly those in the North Sea, Mexico
 
and Nigeria, became Increasingly concerned about falling prices and
 
declining lifting and some felt compelled to make significant
 
reductions in contract prices. In short, the market collapsed and for
 
a period some observers thought it likely that OPEC's official price
 
structure would fall apart. However, OPEC members met at the end of
 
the first quarter 1982 and set an aggregate production ceiling of 17.5
 
million barrels per day. In addition, Saudi Arabia offered financial
 
aid to support the threatened Nigerian economy. At the lcw spot
 
prices, traders sought to cover their short positions which resulted
 
in a rapid market turvaround. Spot prices recovered in the second and
 
third quarters to contract price levels and liftlngs increased from
 
the African countries; Iran also was able to expand its output.
 
During the third quarter, it became apparent that traders were now
 
balanced or long but inventories had successfully been reduced to more
 
nearly normal levels for the time of year.
 

During November and December p'.ices continued to be soft and OPEC
 
members met in Vienna in December to try to shore-up an increasingly
 
difficult situation. In the event the meeting appeared to achieve
 
little with an announcement of a new 18.5 million barrels per day
 
production ceiling and agreemant to maintain the $34/Bbl official
 
price level. At the end of the year, spot prices continued to be soft
 
and the mild winter in the Northeast U.S. had done little to increase
 
demand. Iran announced its intention to continue to produce at what
 
it regarded as an acceptable level (approximately 3.0 million barrels
 
per day) and hostilities with Iraq continued. On the demand side, the
 
economic outlook continued to be bleak and it seemed likely that the
 
recovery would be delayed--thus not inducing much increase energy and
 
oil demand until later in 1983.
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Arthur D. Little, Inc. foresaw little potential for significant
 
increases in OPEC production in 1983 and 1984 given the likely

depressed level of demand resulting from a slow economic recovery.
 
Thus, these years are likely to be particularly difficult for OPEC and
 
the key question was whether OPEC could maintain sufficient cohesion.
 
Obviously, the willingness of Saudi Arabia to act as the swing
 
producer, allowing its production to fall so as to accommodate the
 
needs of the other member countries particularly Iran, Nigeria and
 
Libya is a critical factor in this outlook. Saudi Arabia, as the
 
najor producer with the largest reserves has a long-term interest in
 
maintaining a stable oil market and may see it 
in its own best
 
interest to allow the official price its crude oil decline.
of to 

Faced with continued 
lower demand for their oil, other OPEC members
 
may further reduce official prices in order to maintain or increase
 
their relative shares of OPEC production. Such actions could
 
precipitate a price war leading to a potentially rapid downward price
 
spiral.
 

Events in the first quarter, 1983 (after this section of the report

had been completed) were confirmation of the difficulties OPEC members
 
faced in reaching an accord on price and production levels. However,
 
following a lengthy March 1983 meeting, members were 
finally able to
 
agree on a reduction in the marker price from $34/Bbl to $29/Bbl, and
 
on an 
associated production agreement. It remains to be seen whether
 
this new agreement will be sufficient to stabilize world oil market
 
conditions, or whether a further deterioration in prices will occur.
 

2. Methodology for Long-Term Price Forecasting
 

The history of crude oil prices in the 1970s confirms the difficult
 
nature of this task. We believe, however, that this uncertainty can
 
be captured by using a careful forecasting technique in which the
 
sources, nature and implications of the factors which create
 
uncertainty are r ,tionally examined in order ensure they
to that are
 
correctly and consistently reflected in the forecast. Since 1977,
 
Arthur D. Little has used a formal Delphi or survey technique to
 
forecast crude oil prices, predicated on the belief that there is 
no
 
deterministic method to forecast prices primarily because history is
 
unreliable, judgment is required, the factors involved are complex and
 
price setting involves political considerations. All of these factors
 
indicate that a rigid modelling approach is unlikely to produce
 
successful results. Accordingly, Arthur D. Little, Inc. has adopted a
 
Delphi technique to create an internal consensus among our energy
 
economics staff. These staff have an extensive international energy
 
and oil industry background; they consult in a variety of environments
 
involving producers and consumers and collectively have over 150 years
 
experience of international oil and oil pricing.
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Our objective in the price forecasting exercise is to predict the
 
absolute value of the OPEC marker crude. To capture the uncertainty,
 
we pose a series of questions, the purpose of which is to place
 
confidence limits around the absolute price projection, to determine
 
the future path of prices and to explore the many factors which
 
influence price. In addition, questions are asked which assess the
 
potential for future political and supply crises, the nature of those
 
crises and likely market behavior before, during and after a crisis.
 

The most recent Delphi survey was conducted in July/August of 1982.
 
It was thus made during a period of great uncertainty when it was
 
apparent that there was potential for the collapse of crude oil
 
prices. This was in contrast to the earlier Delphi crude oil price
 
surveys, made between 1977 and 1982 when we had expectations of
 
continually rising prices.
 

The preparation of the Delphi questionnaire and the analysis of
 
responses to it represent a major exercise. The questionnaire itself
 
has continuously evolved as a function of our understanding of world
 
oil markets and of the importance of assessing different factors in
 
judging future prices. In addition we provide respondents with our
 
latest views on the development of the world energy and oil supply and
 
demand outlook. Tn the case of the August 1982 Delphi survey, the
 
outlook presented to respondents was that described above.
 

3. Results of the 1982 Delphi Projection
 

In the August 1982 questionnaire, respondents were asked to consider
 
how prices might evolve in the event that there were no future crises
 
as well as to consider the potential impact of crises. The results of
 
the questionnaire, in terms of absolute price levels, are displayed in
 
Figure iV-14. The responses shown are those of the nine high
 
sel'-raterci out of a group of 25 respondents. High self-raters are
 
those who consider thewselves most highly qualified to answer the
 
questionnaire. In the no crisis case, the nine high self-rateLs
 
believe that prices will fall in real terms to 1985/1986, bottoming at
 
a level of approximately $29/Bbl in real 1982 dollars. Thereafter,
 
some price improvement can be expected to the year 2000, at a rate (f

increase slightly under 1% per annum. However, the same nine high
 
self-raters assign a probability of higher than 70% to the occurrence
 
of a crisio during the forecast period. Thus, theft expected value
 
forecast also shown in Figure IV-14 includes the impact of crises in
 
an aggregate fashion. In this crisis case, they predict prices
 
falling in real terms to $30.7/Bbl in 1985 and thereafter rising again
 
to reach $37.5/Bbl by the year 2000, at an average annual rate of
 
increase of 1.3%. This expected value forecast aggregates the effects
 
of the specific crises forecast by the nine individual forecasters.
 
In this sense, the expected value line is not a real price forecast
 
since each of the forecasters believes that prices will follow a much
 
more erratic path including at least one crisis between 1982 and 2000.
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FIGURE IV-14 	 ARTHUR D. LITTLE DELPHI SURVEY OF CRUDE OIL PRICES -
AUGUST 1982 
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In terms of timing the group then believed that there was only a 26%
 
chance of a crisis by 1985, but a 75% chance of a crisis by 1990. 
 The
 
expected value of a crisis-induced price increase was $10/Bbl in real
 
1982 dollars).
 

In comparing the 1982 Delphi with our earlier forecasts, it is
 
interesting to 
note that the group is less certain than in previous
 
forecasts that a crisis will, in fact, occur and is also less sure of
 
its timing. The group also believed that to have any real market
 
impact, the crisis would have to involve Saudi-Arabian production.

Following a crisis, there is a strong likelihood of further
 
progressive deterioration in the absolute value of crude oil.
 

Also shown in Figure IV-14 are the confidence limits for the total
 
sample. As indicated above, there is a wide range between these
 
confidence limits, reflecting the tremendous uncertainty which the
 
group feels about future crude oil prices. The lower end of the
 
confidence limit encompasses the possibility of a decline to $20/Bbl

(in real 1982 $) between now and the period 1985 to 1990. Thereafter,
 
prices are expected to rise very slowly to the year 2000. At the
 
upper end of the scale, it is believed that the price by 1985 could be
 
as high as $50 per barrel, thereafter rising to $60 per barrel by the
 
year 2000. The upper end of the confidence limit encompasses the 
previous Delphi forecasts made in the last six years. 

Thus these price forecasts, which were made prior to the events of 
late 1982 and early 1983, explicitly recognized the potential for a
 
price decline in real terms In the short 
term. The official OPEC
 
marker price has now been reduced by $5 per barrel, but it remains
 
uncertain whether OPEC's March 1983 price and production allocation
 
agreement will hold or whether a further decrease in official prices
 
will be necessary to stabilize market conditions. Accordingly, since
 
this report was in preparation in the midst of this market turbulence,
 
and extensive sensitivity analysis was made in this study to assess
 
the impact of lower prices on the alternative Mombasa investments.
 

However, the absolute value of crude oil is less important to the
 
investments being considered at Mombasa than the relative prices of
 
individual products and their relationship to crude oil prices. This
 
important subject is therefore considered in the next section of this
 
report.
 

E. EAST OF SUEZ PRODUCT DEMAND SUPPLY AND PRICES
 

1. Product Demand Patterns in the 1980s
 

The evolution of future product demand patterns in the world's major

consuming areas is critical to establishing the relationships between
 
the prices of the various petroleum products produced from crude oil.
 
This is because open market petroleum product prices are influenced by
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a set of cou-tolex interrelationships and as such are dynamic and
 
constantly changing. For the purpose of evaluating refining projects,

Arthur D. Little, Inc. has developed a methodology for forecasting
 
future petroleum ;roduct prices so that investment decisions can be
 
evaluated on a common and consistent basis. Our methodology enables a
 
wide range of possible price setting scenarios to be considered, based
 
on our outlook for product demand and supply in the major consuming
 
areas.
 

Two major geographic areas can be defined of potential importance for
 
the Mombasa study--firstly, the Atlantic Basin which encompasses

product demand in Europe, Including the Mediterranean, the East Coast
 
of the United States and the Caribbean. Because of its volumetric
 
importance, the Atlantic Basin represents a major market for Middle
 
East crude oil and, in the future, for Middle East products exported
 
from the new refineries being built in the Arabian Gulf. As such,
 
Arabian Gulf prices are therefore likely to be set in part by European
 
prices which in turn reflect product supply/demand balances within the
 
Atlantic Basin as a whole. Arabian Gulf prices can then in turn be
 
used to establish import or export parity prices at Mombasa.
 

Secondly, we will also consider product price-setting in the East of
 
Suez area which includes Japan and other major Far East markets, and
 
major refining areas in the Arabian Gulf and Singapore.
 
Geographically, the Mombasa refinery Is on the periphery of the East
 
of Suez area. Although product demand in the East of Suez area is at
 
a lower absolute level than in the Atlantic Basin, Arabian Gulf prices
 
will also be strongly influenced by relative product demand in this
 
area; therefore, it too must be considered in establishing prices for
 
the Mombasa study. Trends in product demand patterns in the largest
 
markets within these two major regions are depicted in Table IV-7.
 
Looking first at the Atlantic Basin, we note that:
 

* 	 In the U.S. middle distillate demand will increase sharply
 
relative to other products, to 35% of total product demand
 
in 1990, compared to 27% in 1982.
 

* 	 The sharp reduction in gasoline demand expected in the U.S.
 
will reduce the share of light products from 52% in 1982 to
 
46% in 1990. Heavy products will fall slightly over the
 
same period from 20% in 1982 to 19% in 1990.
 

• 	 In Western Europe, the major impact of overall energy trends
 
will be a reduction in fuel oil demand which will decline
 
from 34% of the barrel in 1982 to 31% by 1990. The middle
 
distillate proportion of the barrel will stay constant at
 
38% whereas the light product proportion will increase
 
slightly from 28% in 1982 to 31% in 1990.
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TABLE IV-7
 

THE PRODUCT DEMAND PATTERN
 
(Percent of Main Products)
 

THE ATLANTIC BASIN
 

UNITED STATES
 

Light 

Middle 

Heavy 


EUROPE
 

Light 

Middle 

Heavy 


THE ATLANTIC BASIN -

Light 

Middle 

Heavy 


FAST OF SUEZ
 

JAPAN
 

Light 

Middle 

Heavy 


SUBTOTAL
 

1978 


48 

28 

24 


23 

38 

39 


38 

33 

29 


27 

28 

44 


1982 


52 

27 

20 


28 

38 

34 


42 

32 

26 


29 

34 

37 


1985 1990 

50 46 
3C 35 
20 19 

29 31 
38 38 
33 31 

40 38 
34 37 
26 25 

30 32 
34 34 
36 34 
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0 	 Overall in the Atlantic Basin light products will decline 
from 42% in 1982 to 38% in 1980, fuel oil from 26% in 1982 
to 25% in 
1990, whereas the middle distillate fraction will
 
increase from 32% in 1982 to 37% in 1990.
 

Thus, 
in the Atlantic Basin, middle distillate supplies will be under
 
pressure throughout the forecast period. 
 Although the overall product

demand barrel is becoming lighter, the proportion of the barrel taken
 up by middle distillates is increasing more 
rapidly than the expected
decline in gasoline (which occurs primarily because of failing

gasoline demand in the U.S.).
 

The following trends in product demand in the East of 
Suez area, are
 
expected:
 

* 	 In Japan the proportion of light products will increase from

29 to 32% between 1982 and 1990 
whereas the middle
 
distillate proportion will remain 
constant. At the same
 
time, heavy products demand will decline from 37 
to 34% of
 
the barrel.
 

* 	 In other East of Suez markets light products demand is
 
expected to stay about constant at 20% in 1982 and 1990

whereas middle distillate demand 
will increase its share
 
from 
44% 	to 46%. At the same time, heavy products will
 
decrease from 36% 
to 33% of the total barrel.
 

In the East of Suez area, therefore, we forecast an increasing

emphasis on middle distillate demand and increasing light product

demand in total. Plans for the use 
of fuel oil in Saudi Arabia and
Kuwait for electric power geaeration and water desalination, tend to
mask the trends in the shift 
towards middle distillates and light

products.
 

conclude fuel
Overall we that oil is declining everywhere as a
proportion of the total product barrel and light and middle distillate

products, particularly the latter are becoming increasingly important.

Thus it seems that throughout the next decade, there is 
likely to be
 pressure on middle distillate supply causing the prices of these
products to rise above light product prices. 
 Perceptions of these

changes have already led refiners in Europe (and to a lesser extent in

the 	Far East and the Arabian Gulf) to add incremental conversion

capacity. The changes we forecast in product demand for 
Kenya (see
Chapter II) are also apparent on a worldwide basis. The declining

demand for residual fuel oil arid the increasing need for conversion
 
capacity will likely result 
in situations where 
fuel 	oil alternates

between surplus and deficit. This 
could lead to significant price
fluctuations for residual fuel oil, the low value set
being by

equivalency when residue is in surplus and this high value being as a
 
conversion feedstock when residue is in deficit.
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2. Product Supply - East of Suez
 

The charts in Figure IV-15 show the balance between refined product
 
demand and primary distillation capacity for the total East of Suez
 
area and for geographic sub-divisions in the area. In total,
 
sufficient distillation capacity exists, on a regional basis, to meet
 
product requirements East of Suez between 
now and the late 1990s for
 
the following reasons:
 

* 	 Substantial capacity additions are planned in the Middle
 
East particularly in Saudi Arabia which will therefore have
 
a large surplus of primary distillation capacity between now
 
and 1995.
 

* 	 The predominant growth areas for demand are the oil
 
producing countries themselves, whereas low growth is
 
predicted for petroleum product demand in the resource-poor
 
countries of the Far East, and to a lesser extent, 
of in
 
East Africa.
 

* 	 Conservation, fuel substitution 
policies and deliberate
 
changes in industrialization policies are limiting the
 
growth of oil demand in many of the newly-industrialized
 
countries in the Far East such as Korea, Taiwan and the
 
Philippines.
 

Despite the surplus of primary distillation capacity, we anticipate
 
that further new capacity will be built in some countries to achieve
 
and/or maintain self-sufficiency, such as Thailand, Malaysia and
 
Indonesia. 
 We also anticipate further growth in primary distillation
 
capacity in the oil producing countries of the Middle East (and
 
predominantly in Saudi Arabia). For Japan we forecast that up to 3/4
 
of a million barrels per day of primary distillation capacity will be
 
closed between now and mid-1985. This will still leave Japan with a
 
large surplus of primary distillai:ion capacity. For East Africa, we
 
show an emerging, if small, defic.1t of primary distillation capacity
 
by the end of the 1990s. The Middle East and Singapore will remain
 
the swing refinery centers within the region, although eventually
 
refiners In Singapore might face closure as their natural market is
 
eroded by local and Middle East export refineries.
 

Given the switch to light products and principally to middle
 
distillates) in this region of the world, we have examined the growth
 
in fuel oil conversion capacity in the East of Suez area, excluding
 
Japan. A significant increase in conversion capacity is forecast 
for
 
the 1980s. 1982 capacity of catcracking, hydrocracking and thermal
 
cracking is rated at slightly under 1 million barrels per day as shown
 
in Figure IV-16, whereas the inclusion of firm and advanced planning
 
stage projects would increase secondary processing capacity to in
 
excess of 1.5 million barrels per day. 
 As shown in Figure IV-12, the
 
projects under constra.tion will increase catcracking capacity by 40%,
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FIGURE IV-15 PRIMARY DISTILLATION CAPACITY BALANCE - EAST OF SUEZ 
(MILLION BARRELS/DAY) 
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thermal cracking capacity by 10% and hydrocracking capacity by 85%. A 
significant portion ol the additional capacity will occur in the 
Middle East refineries as shown below: 

Middle and Far East Ref-ining- Capacity Additions
 
(Thousand Barrels/Calendar Day)
 

Other
 
Middle East East of Suez Total
 

Catalytic Cracking 65 75 140 
Hydrocracking 150 60 210 
Thermal Cracking 40 -- 40 

Although a number of other conversion projects are being seriously
 
considered (in addition to those identified as being at the advanced
 
planning stage) we estimate that on the basis of these projects alone
 
(that is the firm projects), the availability of white products in
 
this region will increase by at least 250,000 barrels per day at the
 
expense of fuel oil, between now and the mid- to late-1980s.
 

A large su,:plis cf refined products will be available trom the Arabian
 
Gulf from the mid-1980s onwards as a result of the significant number
 
of refinery projects now under construction as identified below:
 

Location Participants MB/CD Configuration Start-up
 

Yanbu, Red Sea Petromin/Mobil 250 Conversion 1985
 
Rabigh, Red Sea Petromin/Petrola 300 Topping 1984
 
Jubail, A. Gulf Petromirv/Shell 250 Conversion 1985
 
Ruwais. A. Gulf ADNOC 120 Topping-Reforming 1982
 
Umm Al Nar, A. Gulf ADNOC +60 Topping-Reforming 1983
 
Umm Said, A. Gulf QNPC +50 Topping-Reforming 1986
 
Mina Al Fahal, A. Gulf OPC 50 Topping-Reforming 1986
 

As shown in Figure IV-17, most of these projects are scheduled to come
 
on stream by 1987, by which time the export availability of products
 
from the Midd'a East will have increased from 400,000 barrels per day
 
to approximately 1,350,000 barrels per day. Traditionally Kuwait has
 
been the only major exporter of products from its three refineries at
 
Shuaiba, Mina Al Ahmadi and Mina Abdulla. Of the 400,000 barrels per
 
day of exports from the area in 1980, approximately 80% moved to East
 
of Suez markets whereas the remainder moved to Europe.
 

The major new refining projects are the three scheduled for Saudi
 
Arabia--the Petromin Mobil plant at Yanbu (a 250,000 barrel per day
 
conversion refinery) the Petromin-Shell Jubail refinery (also a
 
250,000 barrel per day conversion project) and the less-certain
 
Petromin/Petrola Rabigh topping plant (300,000 barrels per day
 
capacity). Also significant are the capacity additions being made by
 
the Abu Dhabi National Oil Company at Ruwais and Umm Al Nar, where
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FIGURE IV-17 	 POTENTIAL AVAILABILITY OF PRODUCT FROM THE MIDDLE EAST 
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180,000 barrels per day of capacity will be added this year and next.
 
However, the three Saudi Arabian joint venture refineries being built
 
primarily for export purposes will have the major impact on product
 
exports. Although there is also a separate program of domestic
 
refinery expansion underway in Saudi Arabia some product from these
 
three export refineries could be used to meet domestic shortfall
 
resulting from temporary shutdowns in refining capacity within the
 
Kingdom or from slow progress in developing the required domestic
 
capacity. In calculating the potential availability of product from
 
the Middle East export refineries, shown in Figure IV-17, we have
 
assumed that all of the capacity indicated above is available for
 
export.
 

We note that the projects in Abu Dhabi, Qatar and Oman are being built
 
to meet nestic market requirements. However, some capacity will be
 
available at these plants for export purposes and in calculating
 
Figure IV-17, we assumed that 150,000 barrels per day of this
 
incremental 280,000 barrels per day production will be available for
 
export in 1987. This export surplus will decline subsequently as
 
domestic demand increases.
 

A number of otfer possible projects are under discussion which have
 
not been included in our calculations, such as the 40,000 barrel per
 
day Bahrain fuel oil conversion project, the 150,000 barrel per day
 
planned capacity increase in Kuwait and the further possible 120,000
 
barrel per day distillation capacity increase at Ruwais in Abu Dhabi.
 

Kenya represents a natural market from the viewpoint of its geographic
 
location for product from the Arabian Gulf. Although the product
 
produced at the Yanbu and Rabigh refineries is more likely to be
 
exported to Europe through the Suez Canal, it could also be delivered
 
to Kenya. Thus, it is apparent that Kenya's location makes it
 
possible for it to benefit directly frcm the future large surplus of
 
product expected in Saudi Arabia and other Arabian Gulf countries.
 
Thus, imports of light products and middle distillates represent a
 
real alternative to the construction of secondary conversion
 
facilities at the Mombasa refinery. Although we recognize that
 
national security and econrmic benefits are critical in making the
 
decision about -whether or not to invest at Mombasa, we also feel that
 
the Kenyan Government must recognize that product will be available
 
"on the doorstep" to supplement production from Mombasa. This means
 
that the Mombasa investment must be judged against the landed pen
 
market prices which we would predict for these export products from
 
the Middle East. In addition, in exporting residual fuel oil, as it
 
does at present, Kenya will be competing with increasing volumes of
 
surplus fuel oil from the Middle East. Thus, in evaluating
 
alternative investments at Mombasa, the economics must be judged
 
against these open market prices since product will be readily
 
available from nearby sources. It is, however, premature to predict
 
contract conditions for the purchase of these products. Product
 
purchase also raises significant security of supply concerns which is
 
difficult to quantify in economic terms.
 

IV-48 it&ArthurD. itte,Inc.
 



We have forecast spot prices for these products as the basis for the
 
economic evaluation of alternative investments. While contract price
 
terms might possibly be more favorable than these marginal spot
 
prices, it is also possible that contract prices might reflect the
 
fully-allocated cost of the refineries, particularly if contracts were
 
negotiated now when the investors may still be hoping for a
 
significant return on investment.
 

While there is some uncertainty regarding both the reliability of
 
supply from these sources and the prices, we nevertheless feel that
 
the Kenya government should take this source of proditct into account
 
in making its decision on alternative secondary processing investments
 
at Mombasa.
 

3. Mombasa Price Forecasts
 

a. 	 Methodology
 

The conceptual structure which underlies Arthur D. LiLcle's forecasts
 
of petroleum product prices is displayed in Figure IV-18. Briefly, in
 
preparing the forecasts we draw on the product dema.id forecasts
 
described above to prepare an analysis of likely product import/export
 
levels by area to forecast the demand on refineries in key refining
 
centers (U.S., Europe, and Japan). Refiners' aggregate capability to
 
meet demand will depend on trends in process configuration and
 
feedstock quality. From an analysis of these trends, a set of
 
expectations regarding refinery utilization and margin levels is
 
developed. Also derived are insights into the supply/denand pressures
 
likely to be operating on specific major products in key market areas;
 
these expected pressures serve as the basis for projecting the price
 
differentials likely to prevail betwcc light and heavy products.

Expected refinery margins and prod!,ct price differentials are then
 
combined with other factors such as forecast freight costs, prevailing
 
regulatory constraints and costs (duties, fee3 and other export/import
 
restraints), and the underlying crude oil ryice forecast project
to 

refined product prices in the major market areas. The resulting
 
product price forecasts can then be used to *etermine the value of
 
specific crude oils in specific market areas by taking into account:
 

* 	 The marginal market for a specific crude;
 

The marginal refinery process configuration in that market;
 
and
 

* 	 The yield characteristics of the crude assuming the marginal
 
refinery configuration available in the market.
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FIGURE IV-18 -,CONCEPTUAL STRUCTURE FOR PRICE FORECASTS 
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A series of interrelated computer-based models have been developed to
 
execute this analysis. These models contain the major forecast
 
variables described above and the key price and transportation cost
 
relationships between major refining and market centers in the
 
Atlantic Basin and East of Suez markets. The models are continuously
 
updated to reflect changes in items such as regulatory factors and our
 
judgments regarding the most likely future crude and product flows,
 
freight rates and the basis for setting marginal refining costs.
 

Implicit in the Arthur D. Little product price analyses are several
 
major premises regarding the formation of petroleum product prices and
 
the determinants of rafinery profitability:
 

* 	 Except during crisis periods, refinery margins are
 
determined by the supply and demand for particular process
 
configurations. If, for example, refinery capability to
 
convert heavy products to light products is inadequate to
 
satisfy light product demand, relative product prices will
 
change so as to provide a conversion margin at least
 
adequate to justify new conversion investment (and
 
potentially much higher). However if, for example,
 
conversion capacif;y is in oversupply, conversion margins
 
could fall tu vafiable costs. Refinery margins (except for
 
the fuel cost component) are thus independent of the overall
 
level of crude oil prices. The absolute level of crude oil
 
prices also, of course, affects refined product demand and,
 
therefore, refinery utilization.
 

" 	 Within the context of these expectations concerning refinery
 
utilization and margins, individual product prices will be
 
set by the supply/demand pressure for specific products.
 

* 	 These same pressures will establish the "quality
 
differentials" which, together with location factors, will
 
determine the relative values for crude oils of different
 
qualities and origins. The value of individual crude oils
 
will be set by valuing relative yields in the marginal
 
refinery in the market where the crude is run, Under
 
equilibrium market conditions, actual crude prices should
 
reflect these relative values, suitably adjusted for
 
freight. In non-equilibrium market conditions actual prices
 
could be significantly different from these values.
 

Future product prices are critically dependent on the differentials
 
which will prevail between light and heavy products. These
 
differentials are formed by market forces which respond to the
 
relative supply and demand pressures for the main product groups, as
 
can best be illustrated by reference to residual fuel oil. At one
 
extreme, resioual fuel oil can be valued as a feedstock for refinery
 
processes which convert heavy products to light products. If there is
 
abundant capacity of such processes, refiners could be expected to bid
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up the price of residual fuel oil until they cover only variable
 
operating costs on the conversion process plant. At the other
 
extreme, if there were insurifcient plants capable of converting heavy
 
products to light products, refineries could find themselves in a
 
situation where they could only satisfy light product demand by
 
simultaneously producing more residual fuel oil than could be sold
 
into traditional markets. In this lattcr situation refiners would be
 
obliged to price residual fuel oil at a level at which it could
 
displace alternative fuels in facilities with dual firing capabilities
 
and, for example, residual fuel oil prices could fall to parity with
 
coal burned in an existing facility. (The Mombasa refinery has for
 
several years, been faced by just such a surplus fuel oil disposal
 
problem. The refinery has run crude so as to meet white product
 
demand in Kenya and the contiguous markets thus producing large
 
volumes of surplus fuel oil which has had to be disposed of in spot
 
fuel oil and bunker markets in Singapore).
 

Over time, these two extremes are best expressed in terms of their
 
economic implications for investment decisions. Thus, over the long
 
term, product price differentials based on the cost of converting
 
heavy products to light products should recognize the continuous need
 
to invest in new capacity and, therefore, should include a return on
 
such investments. At the other extreme, residual fuel oil prices
 
could fall to equivalency with coal. The coal cost would include the
 
cost of converting facilities which currently burn residual oil to
 
coal, and would therefore take account of additional costs such as
 
land and stack gas clean-up systems to burn coal in an environmentally
 
safe fashion.
 

These two scenarios present a broad range within which differentials
 
between light and heavy product prices could generally be expected to
 
fall. At one extreme the "resid substitution" scenario depicts an
 
environment where product supply and demand are continuously balanced
 
through the economics of oil/coal substitution in the industrial and
 
utility sectors. At the other extreme, product supply and demand are
 
continuously brought into balance by the investmentz of refiners in
 
conversion plant. Which scenario will prevail will depend on the
 
relative rates at which refiners invest in conversion plant and at
 
which consumers invest to displace residual fuel oil in underboiler
 
uses.
 

Our analysis suggests that refinery investment currently underway in
 
Europe and Japan may be sufficient to meet changes expected in product
 
demand through 1985. Investments already underway in the United
 
States exceed those required to match product supply and demand.
 
There may be a tendency, therefore, for the price differentials
 
between light and heavy products to decline in the mid-1980s. In some
 
markets this could reduce price differentials toward the low end of
 
the range necessary to justify new conversion plant. Provided that
 
crude oil prices remain at least at current levels in real terms, the
 
result would be a significant increase in the real cost of residual
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fuel oil. This increase could be 
expected to stimulate further
 
investments to substitute residual fuel oil by alternative fuels 
in
 
industrial and 
utility uses. At the same time lower differentials
 
between light and heavy products could be expected to inhibit new
 
investments in residue conversion projects. These forces would 
tend
 
to result in a drop in residual fuel oil consumption while refinery

investments in conversion projects were 
 only slowly developed,

resulting in 
rapidly increaiing product price differentials. These
 
conflicting forces may well creatc a cyclical pattern in product price

differentials as represented in Figure VI-19. 
Figure VI-20 provides a
 
hypothetical illustration of the impact of this cycle over the next
 
two decades.
 

While there remains some potential for relatively inexpensive fuel oil
 
upgrading projects in Japan and 
the developing countries, in Europe

these cheaper opportunities will largely be realized 
by the end of
 
this decade. Thereafter, more expensive residue conversion processes

will be required. Japan has the potential for incremental catcracking

to maintain a balance in product supply demand
and but there is
 
concern throughout markets east of Suez that the critical products are
 
diesel and jet fuel rather than motor gasoline. As such, we believe
 
that the refinery investments needed will 
be the more expensive

hydrocrackers rather than catcrackers, and this will be reflected in
 
product price differentials. This is the cost-based forecast which
 
represents a "floor" below which we would expect differentials to drop

only for relatively short periods of time.
 

On the upside, light/heavy price differentials will reflect the cost
 
of substituting coal for oil in an industrial or utility plant which,

in turn will depend on the price, logistics, and clean-up costs of
 
coal. If crude oil prices rise faster than the full cost of
 
converting to coal, then the differential between residual fuel oil
 
and crude oil will increase and consequently the differential between
 
residual fuel oil and light products will increase 
even further.
 
Conversely, 
if crude oil prices were to decline in real terms while
 
inflationary pressures in the coal production and marketing chair
 
resulted in real cost increases to users, the price differentials
 
between residual fuel oil and crude oil residual oil and
and fuel 

light products would tend to decrease. On balance, the outlook is for
 
crude oil prices, as represented by the expected value from our Delphi
 
survey, to rise faster than the cost of coal to potential users such
 
that the differential between light and heavy products is likely to
 
widen.
 

It is this coal, substitution price scenario for residual fuel oil
 
which underlies our "market-based" price differential forecast above
 
which we would not expect differentials to rise except for relatively
 
short periods of time.
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FIGURE IV-19 PRODUCT PRICE DIFFERENTIAL CYCLE
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FIGURE IV-20 ILLUSTRATIVE NAPHTHA HIGH-SULFUR FUEL OIL DIFFERENTIAL
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b. Product Price Forecasts
 

Based on the supply/demand pressures outlined above, and on the
 
conceptual methodology just discussed, we have developed two
 
alternative sets of product prices for use in the analysis of
 
secondary processing investments at Mombasa. The key prices for the
 
Mombasa analysis are in fact Arabian Gulf prices since this is the
 
natural source of white products which would have to be imported to
 
Kenya, were the refinery modification not to be made. However,
 
exports of surplus fuel oil from Mombasa would continue, ar in the
 
recent past, to move predominantly to the large volume Singapore
 
market, so that Singapore prices for residual fuel oil are also
 

required for this analysis.
 

The two alternative price sets reflect different assumptions regarditig
 
the market forces which will set Arabian Gulf middle disti3late
 
prices. The first set is based on projL :ted Atlantic Basin price
 
relationships and the second is based on projected East of Suez
 
relationships. The two price sets result in different middle
 
distillate prices in the Arabian Gulf and hence in Mombasa, as well as
 
differences in the differentials between crude oil and distillate/HSFO
 
prices and between distillate and HSFO prices. The implications of
 
both sets of prices will be examined in the financial and economic
 
analysis.
 

(i) The Atlantic Basin Price Set
 

In calculating this price set, the following assumptions were input to
 
our price model
 

" 	 Arabian Light crude oil prices were based on the results of
 
Arthur D. Little's latest Delphi crude oil price forecast,
 
using the expected value case results shown in Figure IV-14.
 
The actual values used were (in 1982 $/Bbl, FOB Ras Tanura):
 

1985 30.70
 
1990 34.00
 
1995 35.70
 
2000 37.50
 

* 	 Crude transportation costs to NW Europe were based on the
 
assumption that VLCC rates will remain at variable cost
 
levels through 1990, increasing to fully built-up costs by
 
2000. This is consistent with Arthur D. Little's current
 
oil demand forecasts and with the fact that a major
 
reduction in tanker supply can be expected when 1970s
 
vintage VLCCs and ULCCs have to be scrapped in the late
 
1980s and early 1990s.
 

* 	 The price forecast is "Europe-oriented" in the sense that
 
the fundamental Atlantic Basin refining cost relationships
 
will be set in Europe.
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" 	 A hydroskimming refinery is assumed to attract a zero 
refining margin, because of the continued surplus of 
distillation capacity in the region. 

* 	 Reforming naphtha to gasoline attracts a zero margin, again
 
because of overcapacity.
 

* 	 The differential between low sulfur and high sulfur fuel oil
 
will be set by relating low sulfur fuel oil prices to gas
 
oil prices and high sulfur fuel oil prices.
 

* 	 Two alternative assumptions are made regarding high sulfur
 
fuel oil ?rices as follows:
 

Cost-based in which the price of fuel oil in N.W.
 
Europe is established by calculating the cost
 
differential required to cover anticipated residue
 
conversion costs (including capital charges), set by
 
estimated FCC project costs in 1985 and increasing by
 
20 per cent in real terms each five years thereafter.
 

Market-based in which fuel oil prices in N.W. Europe
 
were assumed to be set by coal prices which are
 
forecast to increase in real terms from $3.50/MMBtu in
 
1985 to $5.00/MMBtu in 1995.
 

Based on these input assumptions for North West Europe the model was
 
used to calculate prices for the Atlantic Basin. Prices for the
 
Arabian Gulf and were based on netback and
Mombasa then netforward
 
relationships using forecast transportation costs for clean and dirty
 
product tankers. In calculating these transport costs we assumed that
 
although very low freight rates for VLCCs and ULCC will impact future
 
freight rates for smaller crude oil and dirty product tankers, clean
 
product tankers will continue to attract high rates throughout the
 
forecast period.
 

The relctionships used to set Arabian Gulf and Mombasa prices were
 
then established as shown in Figure IV-21 as follows:
 

* 	 Light Products
 

Past relationships between quoted prices of gasoline and
 
naphtha in the Arabian Gulf are not a reliable basis for
 
projecting ptices because of the Extremely thin trading
 
market. We also project significant changes in the patterns
 
of supply and demand of this product. Light products will,
 
in the mid-1980s, be in surplus in the Middle East and
 
surplus naphtha will, therefore, have to move to North West
 
Europe. As gasoline demand grows East of Suez in the late
 
1980s, gasoline from the Gulf may move East. The value of
 
gasoline in the Arabian Gulf can therefore be expected to
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FIGURE IV-21 	 PRODUCT PRICE FORMATION 

EAST OF SUEZ 

[NORTH-WEST EUROPE 

Gasoline 

MEDITERRANEAN REFINERIES 

\ 
ARABIAN GULF

I 

Middle Fuel Oil / / 
Distillates 

I SINGAPORE] 

IMOMBASAI 



rise above the netback value of naphtha from North West
 
Europe. Variable reforming costs would be added to this
 
naphtha netback value. The import parity value of gasoline
 
in Mombasa should be based on the projected Arabian Gulf
 
price plus freight in draft-limited tankers. We note that
 
gasoline will not have to be imported in the cases studied,
 
except the Black Oil Rule sensitivity case.
 

0 
 Middle Distillates
 

Middle distillate demand will increase rapidly In the East 
of Suez area and although large deficits are not 
anticipated, imports of this product may be required to the 
region to satisfy demand. Accordingly, it is assumed that 
Arabian Gulf prices will be set by the value of gas oil FOB 
the Mediterranean (where gas oil will be in surplus) 
imported to East Africa, netted back to the Gulf. This 
price relationship reflecta recent trends. Kerosene and jet 
fuel prices in the Arabian Gulf will reflect a small premium 
over forecast gas oil values. CIF Mombasa values should be 
based on Arabian Gulf prices plus freight, based on the 
appropriate sized tanker for imports to the draft-limited
 
terminal facilities in Mombasa.
 

* Fuel Oil
 

High sulfur fuel oil will be in surplus East of Suez and
 
will move out of the region to North West Europe. The
 
Arabian Gulf price will thus reflect a netback value based
 
on North West Europe prices minus freight. Surplus HSFO
 
from Mombasa could be sold in disposal markets in the
 
Mediterranean, Singapore at the extreme in Northwest Europe.
 
We have assumed sale in Singapore where HSFO valv'es will be
 
based on Arabian Gulf prices plus freight and the FOB value
 
of HSFO at Mombasa should then be based on these projected
 
Singapore prices minus freight in 50,000 DWT tankers.
 
However, from time-to-time, a premium may be obtainable for
 
straight-run residues in Europe as catcracker feedstocks.
 
When appiicable, this premium is likely to fall in the range
 
of $5 to $15/metric ton.
 

The resulting forecasts of product prices are shown in Table IV-8.
 

(ii) The East of Suez Price Set
 

To further explore possible product prices for Mombasa, a product
 
price forecasting model was developed for the East of Suez area.
 
Since the Mombasa refinery is closely linked to the East of Suez
 
refining areas of the Middle East and Singapore which are in turn
 
closely linked respectively to the Northwest Europe and Japanese
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TABLE IV-8
 

PRODUCT PRICE FORECASTS
 
(1982 $/BBl)
 

(Atlantic Basin Model)
 

Cost Based ) Market Based
 
Gasoline Casoil HSFO" Gasoline Gasoil HSFO
 

FOB Origin Prices
 

Source AG MED AG AG MED AG 

19P3 35.4 36.3 28.7 40.8 41.4 21.0 
1990 39.6 40.5 31.3 42.5 43.3 27.2 
1995 42.0 44.3 31.5 43.7 45.8 29.3 
2000 44.0 47.6 31.9 46,2 49.7 28.9 

CIF Mombasa Prices
 

1985 36.8 39.0 28.5 42.1 44.0 20.9
 
1990 41.0 43.4 31.1 43.9 46.0 27.0
 
1995 44.5 48.8 31.2 46.0 50.3 28.9
 
2000 47.0 53.2 31.5 49.1 55.2 28.5
 

(1)Arabian Gulf HSFO prices used to calculate Singapore prices by adding
 
freight costs; the cif Mombasa values are derived by deducting freight
 
in 50,000 DWT tankers from these Singapore prices.
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markets, this model only deals with the linkages between these
 

markets.
 

The following underlying assumptions were made:
 

" 	 The marginal crude in Singapore will be Saudi Arabian Light 
delivered by VLCC. The expected value Delphi forecast was 
again used as the basis for crude costs in Singapore. 

* 	 The marginal refinery in Singapore will continue to be
 
topping with jet/kero production. (We expect some plant
 
conversion capacity to be added in Singapore but this will
 
be fully utilized.)
 

* 	 A zero distillation margin will be earned by the marginal
 
refiner in Singapore, due to the continuing surplus of
 
distillation capacity in the area as a whole.
 

0 	 Arabian Gulf product prices will be set by Northwest
 
European prices for light products but will be set by
 
Singapore prices for middle distillates. This is the most
 
critical difference between this price set and that
 
described above for the Atlantic Basin.
 

The price relationships used in this model are shown schematically in
 
Figure IV-22. The following notes supplement those used to describe
 
the Atlantic Basin price set in Section ii above.
 

* 	 Light Products - As described above
 

* 	 Middle Distillates
 

Middle distillate demand will increase rapidly in the East
 
of Suez area, but, in addition, there will be a large
 
expansion of conversion capacity in the Middle East and
 
potentially in the Indian Ocean area. If implemented the
 
many projects now under study in many developing countries
 
in the region could swing the marginal source of product
 
away from Europe to either Saudi Arabia or Singapore. As a
 
result, it is assumed that gasoil prices will balance in the
 
Indian subcontinent region, between these two potential
 
sources. CIF Mombasa values would then reflect Arabian Gulf
 
prices plus freight, based on the appropriate sized tanker
 
for imports to the draft-limited terminal facilities in
 
Mombasa.
 

* 	 Fuel Oil
 

In setting Singapore prices, high sulfur fuel oil has been
 
assumed exported from the Arabian Gulf to Japan, with the
 
Singapore price based on a netback from Japan. This
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FIGURE IV-22 ALTERNATIVE EAST OF SUEZ 
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Singapore value is then netted-back to Mombasa, using a
 
50,000 DIT tanker. In the market, based price set, coal
 
prices landed in Japan were assumed to be similar to those
 
calculated for North-West Europe as described above.
 

The resulting prices are shown in Table IV-9.
 

(iii) Comparison of Price Sets and Sensitivity Analysis
 

A comparison of the key differentials between gasoll and high sulfur
 
fuel oil, gasoil and crude oil and crude oil and high sulfur fuel. oil
 
is presented in Table IV-10 for the two product price sets. The crude
 
oil price used in calculating these differentials is the landed value
 
of Arab Light in Mombasa. In evaluating alternative modification
 
scheme economics in Chapter V, CIF Mombasa crude prices will be based
 
on a 90/10 Arab Light/Arab Heavy crude slate.
 

The key conclusions to be drawn from the comparison are that:
 

" 	 The East of Suez price set results In lower differentials 
between pas oil and HSFO and between gas oil and crude oil, 
but in higher differentials between HSFO and crude oil. 
Thus it is to be expected that the East of Suez price set 
will result in less favorable economics for alternative 
modification schemes than the Atlantic Basin Price Set. 

* 	 The cost-based price forecasts produces significantly lower
 
differentials than the market based price forecasts. Thus,
 
it can be expected that project economics will be much
 
improved by the use of the market-based prices in this
 
analysis.
 

As indicated earlier, however, we do not believe that the investment
 
decision at Mombasa should depend upon market-based differentials.
 
Such high price differentials are possible but reliance upon them is
 
not recommended.
 

Figure 23 shows historic and projected price differentials between
 
light and heavy products at Mombasa. The price sets plotted are those
 
based upon the Atlantic Basin projection. Also shown is an historic
 
analysis of these differentials for the period 1978 to 1982. This
 
differential has been highly volatile and peaked in the 1979-1980
 
crisis period, since when it has declined quite significantly.
 
Although the cost-based projection looks reasonable in light of this
 
historic review, we nevertheless feel that, because it produces a
 
levelized differential of the order of $17.5/Bbl (in 1982 $)
 
throughout the 15 year life of the projects which will be analyzed
 
(that is over the period 1986-2001), we should undertake a sensitivity
 
analysis to test the impact of much lower differentials.
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TABLE IV-9 

PRODUCT PRICE FORECASTS 
(1982 $/Bbl) 

(East of Suez Model) 

Cost Based Market-Based 
Gasoline Gasoll HSFO Gasoline Gasoil HSFO 

FOB Origin Price 

Source AG AG Singapore AG AG Singapore 

1985 35.0 36.8 29.0 40.6 42.3 21.3 

1990 40.2 41.1 31.7 43.2 44.0 27.5 

1995 41.7 44.3 32.3 43.5 45.9 30.0 

2000 43.6 47.4 32.8 45.9 49.6 29.7 

CIF Mombasa Prices 

1985 36.4 38.4 28.1 41.9 43.8 20.5 

1990 41.6 42.7 30.7 44.6 45.6 26.6 

1995 44.1 47.0 30.5 45.7 48.6 28.2 

2000 46.6 50.8 30.5 48.9 53.0 27.5 
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TABLE IV-1O
 

COMPARISON OF CIF MOMBASA PRICE DIFFERENTIAL
(1 )
 

(1982 $/Bbl)
 

Atlantic Basin Price Set East of Suez Price Set
 

Cost-Based Market-Based Cost-Based Market-Based
 

AGO-HSFO
 

1985 10.5 23.1 10.3 23.3
 
1990 12.3 19.0 12.0 19.0
 
1995 17.6 21.4 16.5 20.4
 
2000 21.7 26.7 20.3 25.5
 

AGO-Crude
 

1985 7.4 12.4 6.8 12.2
 
1990 8.4 11.0 7.7 10.6
 
1995 11.6 13.1 9.8 11.4
 
2000 13.9 15.9 11.5 13.7
 

Crude-HSFO
 

1985 3.1 10.7 3.5 11.1
 
1990 3.9 8.0 4.3 8.4 
1995 6.0 8.3 6.7 9.0 
2000 7.8 10.8 8.8 11.8 

(1)Crude price used is cif Mombasa value of Arabian Light.
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FIGURE IV-23 ACTUAL & FORECAST DIFFERENTIAL - AGO-HSFO PRICES AT MOMBASA
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Two additional types of price sensitivity will therefore be considered
 
in Chapter V:
 

0 	 Overall decreases (and increases) in crude oil and product 
prices. In this sensitivity all crude oil and product
 
prices will be successively reduced (or increased) by the
 
same 	percentage amounts such that the light/heavy product
 
differentials are also decreased or increased. This
 
sensitivity tests the robustness of decisions related to
 
each 	investment option to the overall level of prices, and
 
to smaller (and larger) conversion margins.
 

* 	 A decrease in the light/heavy product price differential, at
 
the same crude oil prices. This sensitivity will test the
 
robustness of the options to conversion margins lower than
 
those indicated above.
 

An analysis of the components of the increasing margin at Mombasa is
 
necessary so as to judge the likelihood of the projection being
 
fulfilled. Through additional computer runs we were able to determine
 
that the bulk of the increasing margin results from the kev cssumption
 
that conversion margins will increase in Europe during the forecast
 
period. A more minor contribution to the increasing light/heavy
 
product price differential at Mombasa is the assumption that freight
 
rates for small tankers will increase significantly in real terms
 
during the forecast period. Accordingly, we tested the impact on the
 
Mombasa modification options of both assumptions so as to determine
 
whether changes in the price differential have an impact on the
 
ranking or viability of the options. The results of this analysis
 
will be reported in Chapter V.
 

c. Crude Oil Values
 

As indicated in Chapter II Section B.P of this report, several
 
alternative crude oil slates have been considered for use in the
 
analysis of alterrntive secondary processing scheres at Mombasa. The
 
crude slate selected for facility design and the comparative analysis
 
of the processing options consists of a 90/10 Arab Light/Arab Heavy
 
slate and the second of a heavier slate consisting of a 75% Arab
 
Light/25% Arab Reavy mix, was a)so tested. Finally, two ]ighter crude
 
slates have been developed to assess the economics of continuing to
 
run the Mombasa refinery without major secondary ,rocessing capacity
 
additions. This analysis reflects the view that users would, as they
 
have in the past, run a proportion of light crudes at Ioribasa so as to
 
minimize the processing deficiencies and the export of surplus fuel
 
oil.
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The two alternative light slates considered for the base case consist
 

of the following crude:
 

* 67.5% Arab Light, 7.5% Arab Heavy and 25% Abu Dhabi Murban.
 

* 45% Arab Light, 5% Arab Heavy and 50% Abu Dhabi Murban.
 

In order to forecast CIF Mombasa prices for the alternative heavy
 
crude slate, it was necessary first to project the value of Arabian
 
Heavy related to the Delphi forecast (expected value case) of Arabian
 
Light crude oil. A replacement value methodology was used in which we
 
assumed that the marginal market for Arabian Heavy crude oil will be
 
North West Europe, in a hydroskimming refinery. A sample replacement
 
value calculation is presented in Table IV-11, for 1990. First,
 
differential product yields for the two crudes were calculated
 
resulting in a quality differential of $2.41 per barrel. Next a
 
freight differential was calculated assuming the crudes are shipped to
 
Europe in VLCCs on a Cape loaded/Suez ballast routing. The freight
 
differential was calculated at $0.04per barrel, thus resulting in a
 
total differential of $2.45 per barrel between Arab Heavy and Arab
 
Light in 1990. Similar calculations were made for other years. Note
 
that the value of Arab Heavy will be affected by the use of either
 
cost-based or market-based prices in North West Europe and we
 
therefore developed cost-based and market-based values for Arab Heavy
 
delivered to Mombasa as shown in Table IV-12. In calculating these
 
CIF Mombasa crude oil prices for both Arab Light and Arab Heavy, we
 
assumed the use of 70,000 DWT tankers from the Arabian Gulf to
 
Mombasa. This table also displays the forecast values of the two
 
alternative crude oil slates which will be used in Chapter V for the
 
economic analysis of the alternative secondary processing investments.
 

A similar replacement value methodology was used for forecasting Abu
 
Dhabi Murban prices. In this case we also considered alternative
 
yield bases in North West Europe so as to assess the sensitivity of
 
the Murban price to the yield assumption. The lowest replacement
 
values for Murban are given by hydroskimming yields with cost-based
 
product prices whereas the highest values are given by conversion
 
yields with market-based product prices. It should be noted that from
 
time-to-time, the prices of these light crude oils may not reflect
 
current conditions or these may, as these have in the past, be lags in
 
pricing adjustments for these crudes relative to current market
 
conditions. Thus, prices for the light crudes tend to be more
 
volatile and more reflective of extreme market conditions than those
 
for the heavy crudes. The results of the No Investment cases running
 
the light crudes should be compared to either the No Investment case
 
running the Arab Light crude slate (or to the modification cases
 
running the Arab Light slate) taking account of this potential price
 
volatility.
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TABLE IV-11
 

SAMPLE REPLACEMENT VALUE CALCULATION
 

Crudes: Arab Heavy (27.00 API) vs Arab Light (33.10 API)
 

Marginal Market: Northwest Europe
 

Yield Basis: Hydroskimming
 

Year: 1990
 

Price Basis: Cost-Based
 

Yield (Volume %)
 

Product Price Arab Light Arab Heavy
 

($/Bbl)
 

LPG 23.5 3.76 4.17
 

Gasoline 40.2 17.71 13.07
 

Distillates 40.5 34.42 13.39
 

LSFO 34.2 (3.25) (30.42)
 

HSFO 32.6 43.02 95.63
 

Gross Product Worth ($/Bbl) 34.86 32.45
 

Quality Differential 
 (2.41)
 

Freight
 

Basis: VLCC Cape Loaded/Suez Ballast
 

Rate: Worldscale 31.1 (1982 Worldscale)
 

Arab Light Arab Heavv
 

W1O0 Freight Costs ($/Bbl) 3.32 3.45
 

W31.1 Freight Costs ($/Bbl) 1.03 1.07
 

Freight Differential 
 (0.04)
 

Replacement Value of Arab Heavy vs Arab Light
 

$/Bbl
 

FOB Ras Tanura Price of Arab Light 34.00
 

Quality Differential 
 (2.41)
 

Freight Differential 
 (0.04)
 

FOB Ras Tanura Value of Arab Heavy $31.55
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TALBE IV-12
 

CIF 140OASA CRUDE OIL PRICE FORECASTS
 
(1982 $/Bbl)
 

CIF Mombasa Prices
 
Reference 
Arab Light 

FOB Ras Tanura 
Arab 
Li,,ht 

Arab Heavy 
Cost Market 
Based(l) Based(l) 

Abu Dhabi Murban 
Cost Market 
Based(2) Based(1) 

1985 
1990 
1995 
2000 

30.70 
34.00 
35.70 
37.50 

31.62 
34.99 
37.16 
39.25 

29.65 
32.56 
33.93 
35.23 

25.43 
30.30 
32.68 
33.59 

32.68 
35.97 
38.57 
41.10 

34.85 
37.42 
39.51 
42.26 

Base Case Slate Alternative Heavy Slate
 
90% Arab Light/1O% Arab Heavy 75% Arab Light/25% Arab Heavy
 
Cost-Based(1) Market-Based(1) Cost-Based(I) Market-Based(1)
 

1985 31.4 31.0 31.1 30.1
 
1990 34.8 34.5 34.7 34.4
 
1995 36.9 36.7 36.4 36.1
 
2000 38.9 38.7 38.3 37.9
 

Alternative Light Slates
 

67.5% Arab Light/7.5% Arab Heavy/ 45% Arab Light/5% Arab
 
25% Abu Dhabi Murban Heavv/50% Abu Dhabi Murban
 

Cost-Based(2) Market-Based(1) Cost-Based(2) Market-Based(1)
 

1985 3i.8 32.1 32.0 32.9
 
1990 35.0 35.3 35.3 36.0
 
1995 37.2 37.6 37.4 38.1
 
2000 39.3 39.9 39.6 40.5
 

(1) Results based on hydroskimming yields
 
(2) Results based on conversion yields
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CHAPTER V
 

ECONOMIC AND FINANCIAL ANALYSIS
 

A. INTRODUCTION
 

In this chapter we present the results of the comparative economic and
 
financial analysis which has been conducted of the modification
 
options presented in Chapter II. Basic capital and operating costs
 
used in the analysis are those presented in Chapter III and prices are
 
based on the analyis in Chapter IV.
 

It should be emphasized that this is a comparative analysis of che
 
options for modification of the refinery. As such, certain
 
limitations surround the study. Most importantly the comparative
 
analysis of long range investment options should not be confused with
 
the evaluation and management of day-to-day refinery operations
 
including the choice of crude slate. The comparative analysis in this
 
study has been made using, as the base case, a relatively heavy crude
 
slate consisting of a 90% Arabian Light and 10% Arabian Heavy mix.
 
This slate, which is heavier than that run at the refinery in recent
 
years (and particularly in 1978 and the first 9 months of 1982), was
 
deliberately selected for the comparative evaluation since the
 
modification of EAOR would obviously result in the users running
 
heavier crude oils; indeed crude slate flexibility must be considered
 
as one of the major benefits of modification.
 

One of the factors strongly influencing the choice of slate was that
 
were the new refinety facilities to be designed for the lighter slate,
 
this could lead in the future to similar (though less extreme)
 
processing limitations (i.e., insufficient capacity to handle the
 
heavier, higher sulfur crude oils) to those which currently constrain
 
operations. The penalty would likely be both operational problems and
 
the iteed to pay higher prices for the lighter crudes (whose prices
 
have tended to be much more volatile than those of the heavier crudes)
 
or the need to import white products and export surplus residual fuel
 
oil.
 

On the other hand, designing the new units for the heavy crude slate,
 
and then running a lighter crude, will simply result in the
 
underutilization of refining capacity and not in operational problems,
 
the import of white prodi.cis or in paying very high prices for lighter
 
crudes, as set by world :.rket conditions. Thus, designing and sizing
 
the new capacity on the basis of the heavier crude slate provides EAOR
 
with the much-needed (and valuable) flexibility, which is essential
 
for a processing refinery in this location.
 

The comparison of the modification options with the No Investment Case
 
has also been made largely on the basis of this same heavier slate.
 
This leads to an overly pessimistic set of results for the No
 
Investment Case. If the refinery is not to be modified, then major
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performance benefits (in terms of an improved material balance) can be
 
achieved by running a lighter crude slate scch as that provided by the
 
users in the years 1979 to 1981 or, even better, such as the slates
 
run in 1978 and 1982. In order not to overstate the benefits of the
 
modification alternatives therefore an analysis is also presented of
 
the No Investment Case using two lighter crude slates--one containing
 
25% Abu Dhabi Murban and the other 50% Abu Dhabi Murban. These
 
"improved" No Investment Cases are suggested as a more realistic
 
comparison of the absolute benefits of the modification options versus
 
the No Investment Case, whereas the modification analyses using the 
heavier slate provides an internally consistent compirrison of the 
alternative investment options, as between each other. 

The modification options were all compared with a No Investment Case,
 
the results of which were not specifically calculated; thus, the
 
industry's crude oil and refining costs and product revenues we'x not
 
calculated for this case. Rather we measured the incremental nL:
 
material balance savings that the industry could expect to enjoy as a
 
result of each modification (over and above the No Investment Case)
 
and then compared these benefits with the incremental costs which
 
would be incurred in implementing each option. The purpose of the
 
analysis conducted by Arthur D. Little was, therefore, not to evaluate
 
whether the refinery should remain in operation but rather to evaluate
 
the economics of alternative upgrading investment options. The
 
purpose of these investments is to progressively improve the net
 
material balance by reducing the volumes of crude oil run to produce
 
the product required to meet demand for Kenya and the contiguous
 
markets served by EAOR, while progressively reducing the required
 
exports of surplus fuel oil and imports of white products.
 

In fact, the investment alternatives address two different problems in 
the existing EAOR refinery--the first Is the lack of middle distillate 
desulfurization capacity which is resolved by Case I (the Kerosene 
Merox Unit) and by Case 2 (the distillate - AGO Hydrotreater). Cases 
3, 3A and 4 are all proposed to solve an additional, much more 
fundamental problem--the need to convert heavy fuel oil into lighter 
middle distillate products to balance product supply and demand for 
the markets served by EAOR. However, the need for middle distillate 
desulfurization must also be met in Cases 3 and 3A and accordingly 
distillate hydrotreating is included in these cases. This process is 
not necessary in Case 4 (Hydrocra,king) since the kerosene from the 
hydrocracker is already treated and desulfurized as it leaves the 
hydrocracker. This distinction between the simple desiilfurization 
capability provided in Cases 1 and 2 and the more complex fuel oil 
conversion processes introduced in Cases 3, 3A and 4 is extremely 
important in reviewing the results presented in this :hapter.
 

In the following sections of this chapter we describe briefly the
 
current structure of the oil industry in Kenya (particularly as this
 
relates to the EAOR refinery), the purpose of, and methodology and
 
assumptions used in the financial and economic analysis, and the
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results of this analysis. In undertaking the study a comprehensive
 
cashflow model was developed both to facilitate these calculations and
 
for use in future studies which the Government may wish to undertake.
 

B. INDUSTRY STRUCTURE 

EAOR is a joint-venture processing refinery originally built by four 
of the major international oil companies marketing product in Kenya 
and other contiguous markets. However, not all the companies
 
marketing in Kenya and these other countries are shareholders in the
 
refinery. As a processing refinery, EAOR does not take title to
 
either the crude oil run at the refinery or to the petroleum products
 
produced; it simply processes crude for, and on behalf of, the users,
 
who supply the crude and lift the products processed for a fee, the
 
value of which is not directly related either to competitive market
 
conditions or to the value of the crude oil or products.
 

Under a vending agreement negotiated in 197] the Kenyan Government
 
became the major (50%) shareholder in the refinery.
 

Several important agreements govern EAOR's ownership, management and
 

operations as briefly outlined below:
 

* Ownership and Operations
 

East African Oil Refineries Ltd. (EAOR) is a company
 
incorporated under the laws of Kenya and is owned by the
 
following shareholders:
 

-- The Government of Kenya (50%) 

-- Shell Petroleum Company Limited (12.75%) 

-- British Petroleum Company Limited (12.75%) 

-- Caltex Petroleum Corporation (11.75%) and 

-- Esso Africa, Inc. (12.75%). 

The refinery is presently managed by SIPM under an
 
"Operations Services Agreement."
 

" Crude Processing Agreements
 

EAOR has entered into separate processing agreements with
 
each of Lhe "Users" who are companies incorporated under the
 
laws of Kenya.
 

Article II, Clause 2.03(b) of the Processing Agreements
 
provides that "So long as the capacity of the Refinery is
 
sufficient, the User shall have the right and obligation" to
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have quantities of feedstock processed, "...to such yield as
 
will meet as closely as possible the total quantity of each
 
white product required by the User to meet its Kenya
 
market."
 

Clause 2.03(c) then provides that each user has the right
 
(but not the obligation) to use any surplus refinery
 
capacity over and above that required to meet total Kenyan
 
market demand, to meet its white product demand in other
 
parts of East Africa.
 

Clause 2.03(b) therefore constitutes what is now commonly
 
referred to as the "lWhite Oil Rule", which was specifically
 
included in the processing agreements to protect the
 
refinery investment by preveating imports of white products
 
which could otherwise be produced by running crude oil at
 
EAOR's facilities. The processing agreements also contain
 
penalty clauses which require the payment of forfeit
 
processing fees to EAOR if white product imports are made to
 
Kenya by a processor when the refinery has the capacity to
 
run additionial crucle oil to produce such products.
 

In recent years processing limitations at Mombasa have caused the
 
export of large volumes of surplus fuel oil. Users have declared
 
netback values at Hombasa for this surplus fuel oil which reflect low
 
spot prices in Singapore and other large fuel oil markets minus
 
freight costs. The Kenyan Covernment has attempted to set minimum
 
prices for these fuel oil exports but the low declared values of fuel
 
oil exports have contributed to higher prices for white products in
 
Kenya and the other markets in order that the users could recover the
 
total crude oil and refining costs associated with supplying the
 
markets served by the Mombasa refinery.
 

The potential for saving foreign exchange and reducing the cost of
 
supplying oil to the Kenyan market has been recognized for some time,
 
since significant oil cost reductions could result from investment in
 
secondary processing at EAOR which would simultaneously reduce imports
 
of crude oil and exports of surplus fuel oil. However, as a simple
 
processing refinery, the bulk of the benefits which would accrue from
 
the refinery modification would not accrue to EAOR, but rather would
 
result in a reduction in the volume of crude oil which must be
 
processed to meet demand and thus could potentially result in lower
 
petroleum product costs particularly for Kenya, but also for the
 
contiguous markets served by the refinery.
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C. APPROACH TO THE ANALYSIS
 

The purpose of this comparative analysis is to assess the benefits
 
which will result from implementation of the alternative refinery
 
modification options. In this section, we discuss the approach used,
 
the measures of economic and financial performance which have been
 
evaluated and the major assumptions underlying the analysis.
 

1. The "Incre-mental" Approach 

" 	 The total volume of petroleum products sold in Kenya and the 
contiguous markets will not be affected by the processing 
investments. The marketing companies will have to continue 
to supply these markets with the same volumes whether or not 
such investments are made. The costs incurred in fulfilling 
these obligations will, however, be affected by a change in 
EAOR's refining operations.
 

* 	 The target net operating income of the refinery is not a
 
function of the volume or price of crude processed at EAOR
 
but rather is computed through a formula which relates net
 
operating income to the Average Capital employed. This is
 
referred to as EAOR's "financial profitability yardstick."
 
Moreover, it is assumed that any change (increase or
 
decrease) in refinery net operating income will be passed on
 
to the users through a change in EAOR's processing fees.
 

* 	 Since a decision to invest in the refinery will lead to a
 
change in product costs and not necessarily to a change in
 
revenue (compared with the No Investment option) each
 
investment option was analyzed on an "incremental" basis.
 
Therefore, the so-called No Investment Case (or
 
business-as-usual) results were not calculated; rather, all
 
results were calculated on a differential basis, showing
 
only the savings or reduction in each cost element
 
considered in the analysis.
 

A simple hypothetical set of figures are displayed in Table
 
V-i to illustrate this approach. Section A of the table
 
shows the total costs incurred in supplying the market
 
without the new investment; Section B shows the total costs
 
in a new investment case and Section C shows the difference
 
between the two alternatives. Section C thus demonstrates
 
the savings between a No Investment Case and a theoretical
 
modification case. It is these net savings which are
 
analyzed for each modification case in the Arthur D. Little,
 
Inc. study.
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TABLE V-1
 

MOMBASA REFINERY STUDY
 

HYPOTHETICAL ILLUSTRATION OF MODIFICATION ECONOMICS
( 1)
 

A. NO INVESTMENT CASE
 

Imports Million Tons Dollars/Ton Million Dollars
 

Crude 3.5 255 892.5
 
AGO 0.4 380 152.0
 
Total 3.9 268 1044.5
 
Exports (HSFO) 0.7 180 126.0
 
Net Demand 3.2 287 918.5
 
Ref. Cost 3.5 14.5 51.0
 
Total Cost 3.2 303 969.5
 

B. THEORETICAL REFINERY MODIFICATION CASE
 

Crude 3.2 255 816.0
 
Ref. Cost (Old) 3.2 16 51.0
 
Ref. Cost (New) 3.2 11 35.0
 
Total. 3.2 282 902.0
 

C. SAVINGS
 

Crude Imports 0.3 255 76.5
 
AGO Imports 0.4 380 152.0
 
Total Imports Saved 0.7 326 228.5
 

HSFO Exports Lost 0.7 180 126.0
 
Total 0.7 146 102.5
 

Net Material Balance Savings
 
Per Ton of Demand SavIngs 3.2 32 102.5
 

Incremental Refining Costs 3.2 11 35.0
 
To-.al Savings 3.2 21 67.5
 

(1)For illustrative purposes only. Calculation ignores fuel and loss
 

and does not represent demand or costs in any given year.
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2. Measures of Economic Performance
 

W have developed several different measures of financial and economic
 
performance to assess and compare the impact of the alternative
 
investment options.
 

" 	 The financial analysis addresses the impact on the refiners'
 
incremental cashflow. In this analysis the incremental
 
processing fee is calculated, based on a detailed assessment
 
of the refinery's required incremental net operating income
 
such that EAOR continues to meet the currently agreed
 
profitability standard with the incremental costs incurred.
 

* 	 The total economic analysis aggregates the full incremental
 
benefit of each project irrespective of the individual
 
beneficiaries, and compares this In terms of the incremental
 
cashflow generated over and above the No Investment option.
 

* 	 The impact of each option on Kenya's Balance of Payments is
 
shown separately since it does not relate directly to the
 
above two measures of performance.
 

" 	 In the course of preEenting the results, we will use other 
measurc, of performance such as the betnefit/cost ratio.
 
These nteasures are not intrinsically different concepts but
 
rather are a different way of comparing the basic results.
 

In the next section of this chapter we present the general assumptions
 
used in calculating these measures of project pcformance. A detailed
 
description of the methodology employed is provided in Appendix V-I
 
and a sample calculation (for Case 3A) is provided in Appendix V-II.
 

The results of the comparative analyses of each investment option are
 
presented in Section D of this chapter together with sensitivlty
 
analyses which show the impact of changes in the key assumptions on
 
the different measures of project performance.
 

3. General Assumptions
 

The analysis of the investment options has been performed using a set
 
of common assumptions, referenced throughout this chapter of the
 
report as the Base Case.
 

* 	 Inflation is assumed at 7% per annum until the end of 1985,
 
6% per annum from 1986 to 1994 inclusive and 5% thereafter,
 
It is our understanding that this forecast is consistent
 
with that presentiy in use at the Uorld Bank.
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* The underlying Investment estimates are those developed and 
presented in Chapter III of this report in instantaneous 
1982 U.S. $. In order to deal with different sources of 
funding for the foreign and local components of each 
investment, to calculate the project's impact on the 
national economy and to compute the net savings in terms of 
the Balance of Payments, we sub-divided the investment 
required for each option into three components--foreign, 
local and the import taxes and duties which would be paid on 
the foreign component under current regulations. 

* Following discussions with representatives from the World 
Bank and the Ministry of Energy we developed a possible 
financing scheme, as follows: 

The foreign component of thr investment will be 
entirely financed by a loan, the terms of which are 
assumed to be in line with current World Bank practice. 
Interest is charged at 12% on the declining balance of 
the principal; the repayment period is 15 years, 
including a grace period up to six months following 
commissioning of the plant; principal payments will be 
in equal amounts; interest during construction (and the 
loan management fee assumed at 1.5%) are capitalized 
into the principal. (The current World Bank practice 
is to levy a management fee of 0.75% and to charge the 
borrower a commitment fee based on the unspent balance 
of the loan. To simplify the calculations we have 
increased the management fee and ignored the loan 
commitment fee.) 

Import taxes and duties 
equity sources. 

are financed 100% from local 

The local component of the investment (excluding import 
taxes and duties) is financed 80% by equity. The 
balance of 20% is funded by loans from local banks at 
an assumed interest rate of 14% on the declining 
princiral balance; a repayment period of 8 years 
(including a grace period of up to six months after 
commissioning) is allowed; principal repayment is in 
equal settlements; interest during construction is 
financed 80% from equity and the remaining 20% is 
capitalized into principal; the management fee of 1.5% 
is capitalized into the loan and no specific loan 
commitment fees are charged (as for the foreign loans). 

The effect of these inflation rate and financing 
assumptions on the instantaneous 1982 $ investment 
estimates presented in Chapter III is shown in Table 
V-2. 
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TABLE V-2
 

PROCESS OPTION INVESTMENT ESTIMATES IN FINANCIAL ANALYSIS 

(Million $) 

Process Investment Inflatioy As Installed Interest During Book Value Duties and Net 

Option Estimate 
(Constant 1982 $) 

Addtion - "* Investment 
(Current S) 

Construction 
(Current $) 

of Investment 
(Current S) 

Taxes Investment 
(Current S) (Current $) 

1 4.90 0.94 5.84 0.78 6.62 1.33 5.29 

2 32.20 7.55 39.75 6.35 46.10 9.21 36.89 

3 122.00 33.35 155.35 19.63 174.9F 35.60 139.38 

3A 126.90 34.73 161.63 20.27 181.90 36.47 145.43 

4 235.80 65.67 301.47 66.11 367.58 66.33 301.25 

IAddition to basic investment in 1982 S to assess total investment as installed, excluding IDC.
 

Includes loan management fees.
 



TABLE V-3
 

ATLANTIC BASIN. COST-BASED PRICES
 
(1992 U.S. $/M.T.) 

Crude Oil Prices 
I Motor Gasoline High Sulfur Fuel Oil

2 

67.5% AL 45% AL 
90% AL 7.5% AH 5% AH Import1 Exprt2 1 2 3 4 

Year 102 All 25.0! ADM 50% ADM LPG Parity Parity Kero AGO Bitumen Sulfur 3.02S 2.752S 2.5%S5 

1986 234.62 240.19 244.52 426.61 324.52 283.32 326.37 297.23 189.76 125.00 191.40 192.84 194.29 
1987 239.50 244.79 249.31 430.53 331.61 289.97 333.28 303.65 193.11 125.00 194.78 196.28 197.78 
1988 244.47 249.46 254.17 434.48 338.86 296.79 340.35 310.22 196.51 125.00 198.22 199.71 201.33 
1989 249.55 254.21 259.11 438.47 346.26 303.78 347.56 316.92 199.97 125.00 201.71 703.31 204.92 
1990 254.74 259.11 264.12 442.49 353.83 310.94 354.93 323.76 203.49 125.00 205.26 206.92 208.58 
1991 257.74 262.37 267.48 446.38 359.67 312.92 363.20 331.45 204.49 125.00 205.39 207.14 208.90 
1992 260.78 265.64 270.93 450.30 365.62 314.91 371.67 339.31 205.50 125.00 205.52 207.37 209.21 
1993 263.86 268.97 274.44 454.25 371.66 316.98 380.34 347.36 206.50 125.00 205.66 207.60 209.54 
1994 266.97 272.39 277.96 458.24 377.79 318.96 389.21 355.61 207.51 125.00 205.79 207.82 209.85 
1995 270.11 275.80 281.55 462.26 384.04 321.04 398.29 364.05 208.53 125.00 205.92 208.04 210.17 
1996 272.98 278.84 284.84 466.99 388.26 323.97 405.12 370.39 209.53 125.00 206.31 208.53 210.74 
1997 275.88 281.96 288.20 471.17 392.5? 326.90 412.16 376.84 210.53 125.00 206.71 209.02 211.33 
1998 278.81 285.15 291.57 476.60 396.84 329.92 419.13 383.40 211.54 125.00 207.11 209.51 211.91 
1999 281.77 288.34 295.01 481.48 401.20 332.95 426.31 390.08 212.55 125.00 207.50 210.00 212.51 
2000 284.75 291.53 298.45 486.41 405.61 335.97 433.62 396.87 213.57 125.00 207.90 210.50 213.09 

21CIF Mombasa 3 Corresponds to 90/10 Arab Light/Arab Heavy crude slate 
FOB Mombasa 5 Corresponds to 67.5% AL/7.5% AH and 25% Abu Dhabi Murban slate 

Corresponds to 45.0% AL/5.O% AH and 50% Abu Dhabl Murhan slate 



The following assumptions were made regarding prices,
 
demand, the supply of the Uganda market and crude oil slate:
 

The price series used in the Base Case analysis is the
 
Atlantic Basin, cost-based price set developed in
 
Chapter IV. The year-by-year price forecasts in
 
constant 1982 dollars provided in Table V-3 for the
 
various crude slates and product prices required in the
 
study on import and export parity bases as appropriate.
 

The demand for petroleum products, on which the crude
 
oil and gas oil import savings and the decrease in high
 
sulfur fuel oil exports is based, is the base case
 
demand forecast for Kenya and the contiguous markets
 
(including crude runs for the direct supply of the
 
Uganda market) as developed in Chapter I of this
 
report.
 

The volumes of crude run on behalf of the Uganda
 
marketing companies (which do not impact on Kenya's
 
foreign exchange for crude oil purchases) were assumed
 
to increase from 5% of EAOR's crude runs in 1985 to 10%
 
by 1995, in annual increments of 0.5%.
 

We have assumed that Kenya and Uganda (and the other
 
contiguous markets) will proportionally benefit from
 
the reduction in AGO imports which the modification
 
options cause. In fact, under the current white oil
 
rule, product from EAOR must first be used to meet
 
Kenya's demand. Thus, in the No Investment Case, using
 
the crude slate selected by ADL the bulk of the AGO
 
imports would in fact be delivered to Uganda and other
 
contiguous markets.
 

The bulk of the analysis has been made by comparing
 
alternative investment options with a No Investment
 
Case, using the crude oil slate selected for process
 
design (90% Arab Light/10% Arab Heavy). However, as
 
pointed out in Chapter II, the very high levels of fuel
 
oil exports and the required imports of automotive gas
 
oil (to which running this crude slate leads in the No
 
Investment Case) can be reduced substantially by
 
running lower sulfur, lighter crude slates. Such light
 
crude slates will be more expensive than the design
 
(heavier) slate but would result in substantial
 
improvements in operations and profitability at EAOR in
 
the No Investment Case. To demonstrate this, a
 
sensitivity analysis has been performed in which L e
 
investment options, using the 90% Arab Light/1O% Arab
 
Heavy slate, have been compared with two No Investment
 
Cases running alternative lighter, crude slates (in
 
which first a 25% and then a 50% blend of Abu Dhabi 
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Murban crude oil is included in the slate). This
 
approach recognizes the most likely industry operating
 
practice, in the event the refinery is not modified,
 
which would be to try to minimize the cost of supplying
 
oil to the Kenyan market within the limits of the
 
available processing capacity at EAOR. However, we
 
believe that the use of the 90% Arab Light/10% Arab
 
Heavy mix as the design crude for purposes of facility
 
sizing and relative comparison of the modification
 
options is fully appropriate.
 

D. RESULTS
 

1. Introduction
 

A financial and economic analysis of each modification option was
 
undertaken in accordance with the terms of reference prepared by USAID
 
and the Kenyan Government. The purpose of the financial analysis was
 
to determine the impact of each investment option on the refinery
 
shareholders and users. Results of this analysis were therefore
 
calculated in terms of the discounted cashflow rate of return, as well
 
as in terms of net present value (at different discount rates).

Incremental processing fees were also calculated in accordance with
 
the profitability standards currently in use at the present time.
 

The economic analysis was designed to analyze the impact of each
 
option on the Kenyan economy and therefore the benefits accruing to
 
the different participants were not disaggregated. A distribution of
 
the savings resulting from implementing each option has been prepared
 
based on the broad assumption that the product prices in Kenya would
 
remain unchanged and the savings in oil supply costs would not be
 
passed on directly to the consumers in Kenya. In this case the
 
companies would benefit directly and the Government would share in the
 
benefits through taxation. As an alternative, the Government could
 
establish new product prices in Kenya based on the value and volume of
 
crude oil imported and incorporating the new processing fees
 
reflecting the new investment made at EAOR. In this case the consumer
 
would benefit more directly from the cost savings resulting from the
 
new investments.
 

As explained in Section C.1 of this chapter, the analysis has been
 
performed on an incremental basis; that is, each option is evaluated
 
relative to a No Investment Case which assumes continuation of the
 
White Oil Rule as EAOR's operating basis. Vowever, in addition to the
 
five investment options described in Chapter II, we also developed a
 
Black Oil Rule case in which it is assumed that EAOR will process just
 
enough crude to satisfy Black Oil demand in Kenya and the contiguous
 
markets. The balance of the required white products to meet demand
 
would then have to be imported. Since the purpose of this analysis
 
was to evaluate investment alternatives for improving the product
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imbalance of EAOR, we felt that 
the investment alternatives should be
 
compared to a No Investment alternative which achieved the same
 
objective. This was defined as the Black Oil case.
 

For each investment option, we developed 
a Base Case reflecting our
 
best judgment of the incremental capital and operating expenses which
 
would be incurred. In these Base Case results, the crude oil and gas

oil import savings and the reduction in high sulfur fuel oil exports
 
were calculated using the Atlantic Basin, cost-based prices.
 

The impact of running lighter, lower sulfur crude oil slates in the No
 
Investment Case has also been tested to compare this mode of operation

with the investment options operating with the lower cost, higher

sulfur, heavier crude selected for design purposes in this study. The
 
investment options were not analyzed using the lighter, lower sulfur
 
crude slates since, once a modification has been made, the users would
 
have every incentive to run the less expensive, higher sulfur, heavier
 
crude slate.
 

To further test the robustness of each investment option and to ensure
 
that the relative ranking of the options remained unchanged, we also
 
performed extensive sensitivity analyses to test the impact of
 
different assumptions regarding prices and price differentials, the
 
required level of investment, financing terms and supplying only the
 
Kenya market.
 

In this section we present the 
results of the Base Case analyses and
 
of the various sensitivity analyses in terms of the measures 
of
 
performance described above. 
 It should be understood that this is a
 
comparative analysis and that terms reference for
the of this study

did not call for a recommendation as 
to which (if any) of the options
 
should be implemented.
 

2. Suriary of Base Case Results
 

A sunmary of the comparison of the five investment options assuming

the 90% Arab Light/1O% Arab Heavy crude slate in all cases 
(including

the No Investment Case) is presented in Table 
V-4 based on four
 
performance criteria. 
 The relative ranking of each investment option

under each criterion is also shown, as are the results of the Black
 
Oil case. All five investment options and the Black Oil 
case are
 
being compared to a No Investment Case, which has a zero result. 
Note
 
that results from the Black Oil 
case do not include any consideration
 
of the incremental investment which would likely be required 
in
 
product handling and tankage facilities to permit the import of the
 
large volumes of white products which this case requires. The results
 
in Table V-4 are presented in terms of both current (money of the day)

and in constant (1982) $. We have adopted the convention of reporting

the results of 
the economic analysis in terms of the present value of
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TABLE V-4
 

ECONOMIC AND FINANCIAL ANALYSIS
 
RESULTS
 

(Million $)
 

BASE CASE
 

TOTAL ECONOMIC BENEFIT
 

Case 1: Kero. Merox 

2: LGO Hydrotreater 

3: TGU 

3A: TGU + 

4: VGO Hydrocracker 

Black Oil 


* KENYA'S BALANCE OF PAYMENTS
 

Case 1: Kero. Merox 

2: LGO Hydrotreater 

3: TGU 

3A: TGU + 

4: VGO Hydrocracker 

Black Oil 


* USERS/REFINERS
 

Case 1: 

2: 

3: 

3A: 


4: 


Kero. Merox 

LGO Hydrotreater 

TGU 

TGU + 


VGO Hydrocracker 

Black Oil 


* EAOR RETURN ON INVESTMENT 


Case 1: Kero. Merox 

2: LGO Hydrotreater 


3: TGU 

3A: TGU + 

4: VGO Hydrocracker 


Net Present Value
 
Of Current $
 

Cash Flow 

Discounted 

At 15% 


194.0 

205.9 

216.7 

279.4 

255.4 

116.0 


110.3 

131.3 

188.5 

228.9 

279.4 

10.6 


90.7 

89.9 

77.3 


107.0 

73.9 

55.6 


(Nominal %) 


16.7 

16.9 


18.0 

17.8 

17.1 


Rank 


5 

4 

3 

1 

2 

6 


5 

4 

3 

2 

1 

6 


2 

3 

4 

1 

5 

6 


5 

4 


1 

2 

3 


NPV Of
 
Constant $ Cash Flow
 
Discounted At 10%
 

164.8
 
171.9
 
178.4
 
230.8
 
208.0
 
99.8
 

94.3
 
110.6
 
158.0
 
192.1
 
232.8
 
9.7
 

77.2
 
75.0
 
62.8
 
87.8
 
58.4
 
48.0
 

(Real %)
 

10.2
 
10.4
 

11.5
 
11.3
 
10.7
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current (money of the day) results using a 15% discount factor and the
 
present value of constant 1982 money results using a 10% discount
 
factor. The difference in discount factors generally reflects the
 
basic inflation assumption used in the study.
 

The comparison s, ws firstly that significant benefits can be achieved
 
at very modest investment costs (Cases I and 2) if Mcmbasa has to run
 
a sour crude slate, simply by improving the yield of specification
 
middle distillate products. Secondly, conversion processing (Cases 3,
 
3A and 4) adds significant benefits over and above those achieved by
 
Cases 1 and 2.
 

A brief analysis of the results follows:
 

* Total Economic Benefit
 

Option 3A (the thermal gas oil unit plus the hydrogen plant)
 
provides the greatest total economic benefit. The present
 
value of the higher net material balance gains achieved in
 
Option 4 is not sufficient to compensate for the present
 
value of the higher investment and operating costs incurred
 
in this case. Case 3A's superior benefits result from the
 
reduced crude runs and fuel oil exports, plus the reduced
 
middle distillate imports. The net material balance gains
 
are only partially reduced by the relatively modest
 
incremental investment and operating costs incurred.
 

* Kenya's Balance of Payments
 

Option 4 (the vacuum gas oil hydrocra ker) provides the
 
greatest foreign exchange savings to Kenya. The higher
 
relative ranking of Option 4 (compared to 'ption 3A) from
 
the viewpoint of balance of payments is because the
 
dividends repatriated by the users are much lower in Case 4
 
than in Case 3A. This is because the higher capital and
 
operating expenses in Case 4 result in higher processing
 
fees which in turn impact negatively upon the revenues of
 
the users. Therefore, on a net present value basis (in
 
current dollars, discounted at 15%), the repatriation of
 
dividends is $25 million less in Case 4 than in Case 3A.
 
This explains 50% of the increase in the Balance of Payments
 
between the two cases. Dividend policy is of course a
 
function of Government control of the oil companies in Kenya
 
and thus the Balance of Payments may not be as valid a
 
measure of economic performance as the total economic
 
benefit results described above. The other 50% of the
 
increase in the balance of payments results from the inflow
 
of foreign exchange from the processing fae paid by Uganda.
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To plv-e the Balance of Payments impact of the modification
 
option, in historic perspective, we compared the present
 
value (in current $ discounted at 15%) of these foreign
 
exchange savings with the net cost of imports of crude oil
 
and petroleum products to Kenya in 1981:
 

(Million K Sh.)
 

Crude imports 338
 
Net petroleum product exports 144
 
Net petroleum balance 194
 

Net petroleum balance ($ Million U.S.) 428.9(1)
 

(1)Based 
on an average 198! exchange
 

rate of 0.452 Kenyan pounds/U.S. $
 

Source: Republic of Kenya; Economic Survey 1982)
 

The presen alue of these foreign exchange savings for each
 
option car. then be compared in percentage terms with the
 
1981 net petroleum balance as shown in Table V-5:
 

TABLE V-5
 

PRESENT VALUE OF SAVINGS ON
 
FOREIGN EXCHANGE AS
 

A PERCENIAGE OF 1981 NET PETROLEUM BALANCE
 

NPV Of Savings As
 
A Percentage Of Number of Months
 
1981 Imports Of Imports Saved
 

Option 1 25.7 3
 
Option 2 30.6 4
 
Option 3 44.0 5
 
Option 3A 53.4 6
 
Option 4 65.1 8
 
Black Oil 2.5 0.3
 

User and Refiner Benefits
 

By aggregating the benefits which will be enjoyed by the
 
foreign shareholders in the refinery and by the users
 
(marketers, who process at the EAOR refinery) we calculated
 
the impact of each option on these non-governmental perties
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with interests in the refinery modification project. Option
 
3 gives the highest return to the refiners/users. It is
 
interesting to note, however, that Option 4 ranks 5th
 
according to this measure of performance which is a
 
reflection of the fact that this case requires the highest
 
investment (and therefore, the highest corporate and
 
throughput taxes will be incurred by the refinery
 
shareholders); similarly, the higher processing fees reduce
 
the benefits enjoyed by the users through gains in the
 
material balance. Finally, using this measure of
 
performance, the Black Oil option produces significant
 
benefits because of the net material balance gains which are
 
not offset by any incremental costs. We note, however, that
 
some new investment would likely have to be incurred in
 
implementing a Black Oil case.
 

* EAOR's Return on Investment
 

The last measure of performanca shown in Table V-4 is the
 
discounted cashflow rate of return 
 to the refinery
 
shareholders. Option 3 yields the highest internal rate of
 
return and is marginally better than Option 3A. Since the
 
net income of the refinery is computed using a formula which
 
is related to the average capital employed (itself a
 
function of the level of investment) it is not surprising
 
that there is such a narrow spread between the options, when
 
the results are compared on this basis.
 

Furthermore, the relatively low level of investment,
 
compared to the rather large savings in the net material
 
balance expressed either in money of the day (or in 1982
 
U.S. $) together with the fact that the refinery share
holders will mainly benefit from the project through their
 
marketing companies (or in the case of the government,
 
through taxes) greatly decreases the importance of this
 
measure of performance.
 

* Incremental EAOR Processing Fees
 

Table V-6 below shows the incremental processing fees which
 
EAOR would have to charge users in order to earn the 12.5%
 
profitability standard on the average capital employed in
 
each investment option. These results are presented in both
 
current and constant 1982 U.S. $ and are the average 
incremental fees w'lich would have to be charged to meet the 
profitability standard. The incremental gross revenue 
required to meet this standard is divided by the total 
volume of crude oil processed to obtain the unit fee 
increase. Since the gross revenue of the refinery is a 
direct function of capital and operating expenses, and is 
not influenced by the volume of crude oil processed (except 
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for the minor variable costs), it is not surprising that the
 
unit processing fee increases with the increasing level of
 
investment in each option. It should also be noted that in
 
addition to the incremental processing fees needed to
 
recover operating expenses and the 12.5% return on average
 
capital employed related to the new investments, the users
 
will also have to pay higher fees on the existing refinery
 
(assuming the current financial yardstick is maintained).
 
because the total volume of crude oil processed will
 
decrease once the investment has been made. EACIR would then
 
have to increase the basic processing fee to recover the
 
same basic gross revenue which is based on asset valuation.
 
No attempt was made to calculate the extent of this
 
increase, however, since it would have involved forecasting
 
the future value of the existing refinery assets which was
 
outside the scope of this study.
 

TABLE V-6
 

INCREMENTAL EAOR PPOCESSING FEE
 
($/Bbl)l
 

Case Current $ Constant 1982 $
 

1: Kerosene Merox 0.99 0.05
 

2: LGO Hydrotreater 0.61 0.29
 

3: TGU 2.51 1.19
 

3A: TGU+ 2.79 1.32
 

4: VGO Hydrocracker 6.85 3.08
 

1Arithmetic average 
(total revenues divided by total crude processed).
 

0 
 Theoretical Price Decreases
 

The ex-refinery prices of petroleum products sold in Kenya
 
and the other markets served by EAOR (before the addition of
 
consumer excise and sales taxes) reflect the cif crude oil
 
cost plus the processing fees incurred at EAOR. Marketing
 
and distribution costs and consumer taxes levied by the
 
Governmunt are then added to reach final consumer prices.
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In practice, the very low fob Mombasa values 
which users
 
have declared for exports of surplus residual fuel oil have
 
had to be recovered through increased prices for white
 
products sold in Kenya and the contiguous markets.
 
Therefore, the net material balance savings (offset by the
 
increased refinery processing fees) could reduce the price

of petroleum products sold in the markets 
served by EAOR
 
(below the level at which they would have had to be set) had
 
the modification not been made. The absolute level 
of any
 
such price reduction depends upon the composition and costs
 
of the crude oil slate components before and after the
 
investment and 
on how the benefits of the modification are
 
distributed between the participants.
 

3. Additional Measures of Performance for the Base Case Analyses
 
To further compare the alternative EAOR investment options, we
 

analyzed several additional measures of economic performance:
 

0 Benefit/cost ratios
 

The benefits of each option were defined as the net material
 
balance gains, and the costs as the sum of the investment
 
(before adding import duties and 
taxes but after deduction
 
of the residual salvage values), interest and incremental
 
cash operating expenses. The benefit/cost ratios (obtained

by dividing these two figures which are expressed in current
 
U.S. $) are shown in Table V-7. It should be noted that the
 
order of magnitude of the total costs incurred in Cases 
1
 
and 2 (ranging from $32 million for Case $110
1 to million
 
for Case 2) makes these cases not entirely comparable with
 
the high investment options (Cases 3, 3A and 4) which
 
involve total costs ranging from $420 
million to $940
 
million. 
Thus, for Cases 1 and 2, total costs are recovered
 
46 and 13 times respectively while in the other options the
 
recovery factors are 4.7 for Case 3, 5.4 for and
Caae 3A, 

3.3 for Case 4. Again, it should be recalled that the
 
benefit/cost :atios are being measured against No
the 

Investment Case assuming the same crude slate (90% 
Arab
 
Light/10% Arab Heavy) in all cases.
 

In the Black Oil case we assumed there would be no
 
investment required and therefore 
the benefit cost/ratio is
 
theoretically infinite. However, implementation of the
 
Black Oil case would likely result in the closure (or

mothballing) of 1. costs associated with a
CDU Any such 

closure have not been considered in our evaluations to date
 
nor has the cost of any incremental handling facilities
 
required to handle 
the import of the white products which
 
the Black Oil Rule case involves.
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TABLE V-7
 

INCREMENTAL COSTS AND BENEFITS
 

BETWEEN PROCESS OPTIONS
 

(Million Current $)
 

CAP./OP./FIN. EXPENSES (Costs)
 

Case: Black Oil 


: I Kero. Merox 


: 2 LGO Hydrotreater 


: 3 TGU 


: 3A TGU + 


: 4 VGO Hydrocracker 


Gross Refinery Margin (Benefits)
 

Case: Black Oil 


: 1 Kero. Merox 


: 2 LGO Hydrotreater 


: 3 TGU 


: 3A TGU + 


: 4 VGO Hydrocracker 


Benefit/Cost Ratio
 

Case: Black Oil 


: I Kero. Merox 


: 2 LGO Hydrotreater 


: 3 TGU 


: 3A TGU + 


: 4 VGO Hydrocracker 


(386) 


32 


110 


421 


443 


942 


140 


1011 


1431 


1992 


2385 


3114 


00 

46.0 


13.0 


4.7 


5.4 


3.3 


(386)
 

408
 

88
 

311
 

22
 

499
 

140
 

871
 

420
 

561
 

393
 

729
 

-


2.1
 

5.5
 

1.8
 

17.9
 

1.5
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Table V-7 also shows the incremental benefit/cost ratio of
 
each option compared with the previous option. It is of
 
interest to note that the small increment in total costs
 
incurred in moving from Case 3 to Case 3A will be paid back
 
18 times whereas the incremental benefits gained in Case 4
 
over those resulting in Case 3A are very marginal. The
 
additional flexibility which the added hydrotreater and
 
hydrogen plant give the refinery is more important in
 
running heavier crude slates.
 

Distribution of Total Cash Flow
 

We have analyzed the distribution of the total project
 
cashflow which would occur if the various modification
 
alternatives were implemented and assuming that prices in
 
the internal market are not altered.
 

Figure V-i illustrates this analysis and demonstrates that
 
the users will benefit most from Case 3A whereas the Kenya
 
Government would receive the greatest benefits (both in
 
absolute and relative percentage terms) from Option 4. It
 
should be emphasized, however, that this cashflow is
 
theoretical since our analysis is incremental, as compared
 
to the No Investment Case, the costs of which were not
 
specifically calculated. The total benefits shown in the
 
figure also reflect a comparison with the No Investment Case
 
assuming the same relatively heavy crude slate. Section 4
 
below compares modification results with the No Investme nt
 
Case running lighter crude slates.
 

Comparative Measures of Project Performance
 

A more realistic standard of comparison for the investment
 
options is the Black Oil Rule case since this achieves the
 
same objective as the investment options, but without any
 
major investment. Table V-8 summarizes the results of the
 
comparison of the incremental investments, total project
 
cashflows, Balance of Payments and costs and benefits
 
associated with each investment option, for each option
 
compared with the Black Oil case. No incremental
 
investments were assumed to be required to facilitate
 
product imports in the Black Oil case and we also ignored
 
any costs associated with the closure of CDU-1. The
 
analysis therefore assumes that this unit will be mothballed
 
and its value would be retained on EAOR's books.
 

Case 3A has the highest incremental net benefit on this
 
basis; however, the relative increase in the total project
 
cashflow is more pronounced in the comparison with the Black
 
Oil case than with the No Investment Case.
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FIGURE V-1 DISTRIBUTION OF TOTAL CASHFLOW BY CASE 
Assumption: 90% Arab Light/10% Arab Heavy 
Crude Slate in Modification and No Investment Cases 

Refiners 
Uganda Government 
Users 
Kenya Government 

300 

Total Cashflow 279.4 
NPV @15% 
Million $ 255.4 

216.7 
205.8 - 

200 194.0 

69% 
58% 

61% 
115.9 

53% 
100 

49% 48%0 

'1I'
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TABLE V-8
 

COMPARATIVE MEASURES OF PROJECT PERFORMANCE
 
AGAINST THE "BLACK OIL" OPTION
 
(Million Current U.S. Dollars)
 

Investment 

Option 1: Kero Merox 

2: LGO Hydrotreater 

3: TGU 

3A: TGU+ 

4: VGO Hydrocracker 

Total Project Cash Flow (NPV at 


Option 1: Kero Merox 


2: LGO Hydrotreater 


3: TGU 


3A: TGU+ 


4: VGO Hydrocracker 


15%)
 

Kenya's Balance of Payments (NPV at 


Option 1: Kero Merox 

2: LGO Hydrotreater 

3: TGU 

3A: TGU+ 

4: VGO Hydrocracker 


Absolute 


7 


46 


175 


182 


368 


78 


90 


101 


163 


139 


15%)
 

100 


120 


170 


218 


268 


Increment
 

-


39
 

129
 

7
 

186
 

-


12
 

11
 

62
 

(24)
 

-


20
 

50
 

48
 

50
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4. Lighter Crude Oil Slates in the No Investment Case
 

As discussed in earlier chapters of this report, the use of the 90%
 
Arab Light/1O% Arab Heavy crude slate in the No Investment Case unduly

penalizes EAOR's economics if the refinery modification is not
 
undertaken. Operationally, the user companies already supply 
a
 
lighter crude slate than that chosen for the comparative investment
 
analysis, and they can be expected to continue to do so if a
 
modification is not made. To more correctly present the absolute
 
comparison of the modification options versus the No Investment Case,
 
two alternative light crude slates were analyzed in economic terms for
 
the No Investment Case only. Since one of the major purposes of
 
modifying EAOR is to provide the refinery with the flexibility and
 
capability to run heavier crude slates, the various modification
 
options were analyzed using the heavier 90% Arab Light/lO% Arab Heavy
 
mix.
 

Prices for the alternative crude slates consisting of:
 

(a) 67.5% Arab Light, 7.5% Arab Heavy and 25% Murban, and
 

(b) 45% Arab Light, 5% Arab Heavy and 50% Murban
 

were developed in Chapter IV. The economics of meeting the demand in
 
Kenya and the contiguous markets using these slates (without any new
 
investment) were then compared with the No Investment Case and the
 
modification cases all assuming the 90% Arab Light/10% Arab Heavy mix.
 
The results are displayed in Figure V-2. As can be expected the
 
lighter crude slates dramatically improve EAOR's economic performance
 
if no investment is to be made and also substantially reduce the
 
apparent absolute benefits of the modification cases. The lighter

crude slates have the greatest percentage impacts on the absolute
 
benefits of modification Cases 1 and 2 which derived most of their
 
benefits from relieving refinery sulfur constraints with the design
 
crude slate. Although the absolute benefits of modification are lower
 
in these comparisons the relative ranking of the modification projects

does not change. Moreover the modification investments continue to
 
show significant positive net present value results compared to the No
 
Investment Cases running the lighter crude slates.
 

5. Price Sensitivity Analysis
 

In this and following sections of the report, we again return to the
 
Base Case comparison of Options with the No Investment Case using in
 
all cases the crude slate selected for new process unit design
 
purposes--90% Arab Light/lO% Arab Heavy. Thus, the absolute values
 
are less Important than the comparative analysis between the
 
modification options.
 

V-24
 
/LArthrD.LtlInc.\ 

q/' 



300 
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NPV @ 15% 
Million Current $ 

-

FIGURE V-2 RESULTS OF COMPARATIVE ECONOMIC ANALYSIS OF 
MODIFICATION OPTIONS TO THE EAOR REFINERY 

Total Project Cashf low 
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Cases: 1 - Kerosene Merox 
2 - LGO Hydrodesulfurization 
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4 - Hydrocracker 

BO - Black Oil Rule Case 
75/25 Slate - No Investment Case with 67.5% Arab Light/ 

7.5% Arab Heavy and 25% Murban Mix. 
50/50 Slate - No Investment Case with 45.0% Arab Light/ 

5.0% Arab Heavy and 50% Murban Mix. 



The Mombasa refinery is penalized by high freight costs for oil
 
imports and by its distance from ready markets fcr the disposal of
 
surplus high sulfur residual fuel oil. These freight penalties
 
contribute to the current and forecast increasingly wide price
 
differentials which favor conversion processing at Mombasa since crude
 
oil and white oil product imports are valued at import parity and
 
black oil exports are valued at export parity.
 

Move important than freight, however, is our basic assumption
 
(discussed in Chapter IV) that margins will be
conversion increasing
 
throughout 
the forecast period because of trends towards a lighter
 
demand barrel both in the Atlantic Basin and East of Suez market
 
areas. This is the major factor which contributes to the increasing
 
differentials betweeih ±ight and heavy products at Mombasa which are
 
shown in Table V-9, and between crude oil and high sulfur fuel oil
 
also shown in this table.
 

Under the Base 
Case price forecast (Atlantic Basin, cost-based)
 
investmetit in conversion processing at Mombasa appears 
likely to be
 
profitable. Accordingly, we have tried to assess at what prices this
 
conclusion might be invalidated. A judgment can then be made as to
 
the risk that the light/heavy product price differential might fall to
 
this breakeven level and whether this risk is reasonable.
 

Our basic assumption is that each processing option should produce a
 
positive net present value compared to the present value of the Black
 
Oil option (since we believe that Kenya will in the future be able to
 
import white products while cutting crude runs). Thus, imports are an
 
alternative to investing in secondary processing at Mombasa. Figures
 
V-3, V-4 and V-5 present the results of a simple analysis of the
 
sensitivity of total project cashflow and Kenya's Balance of Payments
 
to changes in the absolute price levels of crude and products. As
 
shown in Figure V-2, if crude and product prices (and hence the
 
light/heavy product price differentials) decrease by between 30 and
 
50% compared to the No Investment Case, the alternative processing
 
investments become compared the Black
selectively uneconomic to 
 Oil
 
case. It should be noted that Option 3A is more robust than the
 
others across a very wide range of potential prices. By contrast, the
 
total project cashflow of the highest investment option (Case 4), is
 
more vulnerable to price decreases than all other investment options;
 
at a price decrease of approximately 30% this option becomes
 
uneconomic compared to the Black Oil case. Figure V-3 shows that Case
 
4 is always superior to the other cases in terms of the Balance of
 
Payments results.
 

The underlying assumption in changing the absolute prices of crude and
 
products by the same percentage is that product prices will all move
 
in direct proportion to crude oil prices. This assumption only holds,
 
however, if the relative demand for all petroleum fractions can be
 
expected to exhibit the same sensitivity to price. In fact, it is our
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TABLE V-9 

MOMBASA CRUDE AND PRODUCT PRICES 

(1982 $/Bbl) 

1985 1990 3995 2000 

Levelized 

(Case 3A) 

Crude Oil (1 )  31.4 34.8 36.9 38.9 35.6 

AGO ( 2 )  39.0 43.4 48.8 53.2 48.5 

HSFO (3 )  28.5 31.1 31.2 31.5 31.0 

AGO-HSFO 

Crude Oil-HSFO 

Sulfur 
(4 ) 

10.5 

2.9 

12.3 

3.7 

17.6 

5.7 

21.7 

7.4 

17.5 

4.6 

(1)90% Arab Light/10% Arab Heavy Blend 

(2)Import Parity 

(3)Export Parity 

"(4)Sulfurconstant $125/Metric Ton FOB Mombasa 
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FIGURE V-3 SENSITIVITY ANALYSIS - PRICE DECREASE CASES 
(Million Current $) 

(Base Case Crude Slate) 
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FIGURE V-4 SENSITIVITY OF TOTAL CASHFLOW TO PRICE CHANGES
 
(Base Case Crude Slate)
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FIGURE V-5 SENSITIVITY OF BALANCE OF PAYMENTS TO PRICE CHANGES 
(Base Case Crude Slate) 
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view that product prices will reflect relative product supply and
 
demand and the availability of processing capacity to convert heavy to
 
light products. It follows that product prices may well not change in
 
direct proportion to crude oil prices.
 

Accordingly, a second sensitivity analysis, as described below, was
 
also undertaken to determine the breakeven product price differentials
 
at which the Mombasa investment options would cease to be economic.
 
This analysis was made by successively reducing the light product
 
prices while increasing the value of exported residue, using the same
 
crude oil prices as in the Base Case. The analysis was made in terms
 
of levelized constant 1982 $ over the life of each option. The
 
levelized prices and differentials for each option in the Base Case
 
are as shown in Table V-10. It should be noted that these levelized
 
prices are different for all options because of the timing of the
 
material balance changes. In particular the significantly lower
 
levelized prict. of AGO in the Black Oil case results from the large
 
volumes of ACO imports which must be made in the early period,
 
compared to the other cases where AGO import savings occur mainly in
 
the post-1990 period, when prices will be higher.
 

Figure V-6 demonstrates the results of this analysis by plotting the
 
relationship between the net present value (discounted at 10% in 1982
 
dollars) of the total project cashflow against successive decreases in
 
the AGO/HSFO price differential (expressed in levelized constant 1982
 
$/Bbl).
 

The following conclusions can be drawn:
 

* 	 A-4 would be expected, Option 1 (the Kerosene Merox Unit) is
 
the least sensitive to a variation in the price differential
 
whereas Option 4 is the most sensitive because of the very
 
high investment it entails.
 

* 	 Case 3A and the Black Oil Rule show very different results
 
than the other cases, Case 3A because a very significant
 
yield improvement is achieved for a minimal incremental
 
investment over Case 3 and the Black Oil case because it is
 
assumed to require no new investment.
 

* 	 If the differential was expected to remain below $6/Bbl (in
 
constant 1982 $) then Cases 1 and 2 are both more attractive
 
than Case 3A, and could be implemented, assuming the
 
refinery must process the heavy crude slate used in the Base
 
Case analyses (90% Arab Light/lO% Arab Heavy).
 

* 	 A levelized differential in excess of $20/Bbl is needed to
 
make Case 4 preferable to Case 3A.
 

0 
 At levelized differentials between $6 and $20/Bbl Case 3A is
 
the preferred modifi.ation choice.
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TABLE V-10 

LEVELIZED AGO AND HSFO PRICES 

AND DIFFERENTIALS AT MOMBASA 

(Constant 1982 $/Bbl) 

AGO HSFO A 

Option 1 47.85 30.40 17.45 

2 48.48 30.86 17.63 

3 48.55 30.94 17.61 

3A 48.55 30.95 17.60 

4 48.77 31.04 17.73 

Black Oil Case 44.36 31.05 13.30 
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FIGURE V-6 	 CHANGE IN TOTAL PROJECT NET CASH FLOW 
ASA FUNCTION OF CHANGE IN THE AGO-HSFO 
DIFFERENTIAL 
(Base Case Crude Slate) 

NPV of Total Cashflow 
(Expressed in Constant 1982 $ (B.O.) 
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The levelized price differentials at which the various options should
 
not be implemented are shown in Table V-I. These are the
 
dirferentials at which the various options would yield a zero net
 
present value (expressed in constant 1982 $ terms discounted at 10%), 
assuming the relatively heavy design crude slate in all cases. Thus,
 
the differential for Case 3A would have to be lower than $6.4/Bbl to
 
threaten this option and only Cases 1 and 2 would survive at lower
 
differentials. In fact, Case I is viable at any price differential
 
and Case 2 only requires a differential of $3.1/Bbl. This indicates
 
that at least Case 1 should be implemented, provided EAOR remains in
 
operation, and must run the design crude slate, even if the product
 
price differential were expected to collapse over the long term.
 
However, as indicated above, significant benefits are already being
 
achieved relative to these results by running lighter crude slates at
 
EAOR.
 

Finally, if the price differentials drop in the short term, but there
 
are expectations that they will subsequently increase, then these
 
results further reinforce the conclusion that, based on processing the
 
design crude slate, a phased approach to investment at Mombasa should
 
be considered.
 

6. Other Sensitivity Analyses
 

Aside from price, the parameters used in this analysis are subject to
 
differing degrees of uncertainty. We therefore used the financial
 
analysis model to perform sensitivity analyses to address some of
 
these uncertainties. The results of the different assumptions are
 
shown in Table V-!2 for the various modification options.
 

a. Investment
 

The required investments were assessed at accuracy levels of between
 
-30% and +30% below and above the Base Case estimates shown in Table
 
V-i. The results of computer analyses at these investment levels are
 
provided in Figure V-7. The relatively low level of the investment
 
required in all the options, compared to the significant net material
 
balance gains, means that the various investment options are not
 
highly sensitive to the accuracy of the investment estimate. This is
 
clearly demonstrated in Figure V-7 since the variation in the level of
 
capital expenditure required has little Impact on the total project
 
cashflow.
 

b. Kenya Only Demand
 

The different investment options were also analyzed under the
 
assumption that EAOR might have to serve demand in only the Kenya
 
market, assuming that the contiguous markets for some reason decide to
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TABLE V-li
 

BREAKEVEN LEVELIZED PRICES AND DIFFERENTIALS*
 

(Constant 1982 $/Bbl)
 

AGO HSFO A 

Option 1 38.99 39.26 (0.26) 

2 41.23 38.11 3.12 

3 43.55 35.94 7.61 

3A 42.94 36.56 6.38
 

4 44.97 34.84 10.13
 

Black Oil Case 42.11 33.30 8.81
 

Defined as those levelized differentials which yield a zero net
 
present value of the total project.
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TABLE V-12
 

EAOR MODIFICATION OPTIONS - ECONOMIC AND FINANCIAL ANALYSIS
 

Sensitivity Analysis
 
(C4rrent $ Basis)
 

(ae Case Crude Slate)
 

Investment Demand Price Sensitivity Finance
 

Base Case Sensitivity Sensitivity Market East of 100%
 

Current $ Constant $ Low High Kenya Only Based Suez Equity
 
(-30%) (+30%)
 

Total Project Cashflow
 
NPV @ 15% (Million $)
 

Case 1: Kero. Merox 194 107 195 194 148 277 193 194
 

2: LGO Hydrotreater 206 103 211 201 175 298 205 204
 

3: TGU 217 101 235 198 178 355 225 209
 

3A: TCU + 279 133 299 260 230 440 292 271
 
4: VGO Hydrncracker 255 111 291 226 187 463 278 238
 

Balance of Payments
 
NPV @ 15% (Million $)
 

Case 1: Kero. Merox 110 63 110 110 90 155 109 111
 

2: LOO lHydrotreater 131 69 131 132 122 183 131 136
 

3: TCU 189 97 187 190 171 264 193 205
 

3A: TGU + 229 118 2?7 231 208 317 236 247
 

4: VCO Hydrocracker 279 138 277 282 240 393 ?92 305
 

EAOR ROR (% DCF)
 

Case 1: Kero. Merox 16.7 10.2 15.7 17.2 16.7 As For As For 11.6
 

2: LCO Hydrorreater 16.9 10.4 15.9 17.4 16.9 Base Base 11.8
 

3: TGU 18.0 11.5 16.9 18.5 18.1 Case Case 12.1
 

3A: TGU + 17.8 11.3 16.8 18.4 18.0 12.0
 
4: VGO Hydrocracker 17.1 10.7 16.1 17.7 17.3 11.0
 



FIGURE V-7 EAOR MODIFICATION OPTIONS - SENSITIVITY TO 
INVESTMENT ESTIMATE ACCURACY LEVEL 
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meet their oil requirements from elsewhere. In this case, the
 
cashflows resulting from the investment options are significantly
 
reduced by between $30 million and $70 million (in current $
 
discounted at 15%). However, the relative ranking of the various
 
investment options does not change.
 

c. Financing
 

The impact of the unleveraged investment scenario, in which the total
 
investments are assumed to be financed by equity, is shown in the
 
"100% Equity" column of Table V-12. Although financing marginally
 
improves the total project cashflow, the Kenyan Balance of Payments
 
would be higher in the unleveraged case due to the savings in interest
 
payments on the foreign loans, and the increase in equity inflow rn
 
cover local investment.
 

d. Prices
 

As described In Chapter IV, four different sets of prices were
 
developed--market and cost-based prices for the Atlantic Basin, and
 
for the East of Suez area. Under the Atlantic Basin, market-based
 
price scenario, the total cashflow of Option 4 is superior to that of
 
Option 3A. As indicated in Chapter 4, however, we do not believe that
 
market-based price forecasts should be relied upon for making a
 
decision regarding refinery investment. The use of the East of Suez
 
price forecasts makes little difference to the comparative analysis of
 
the Mombasa investment options.
 

7. Risk Assessment
 

The underlying discount factor used in the analysis of investment
 
options should reflect the cost of money (or the expectation of a
 
general improvement in economic well-being), inflation and the risk
 
inherent in the specific investment being considered. Since the
 
investments evaluated in this study are all of a similar type--that
 
is, they involve the modification of the EAOR refinery, then it is
 
reasonable at first sight to apply the same discount factor to all
 
options. However, it may be that the Government would consider
 
certain of the investments more risky than others and therefore might
 
wish to use different discount factors for each investment option. 
The use of different discount factors is perfectly valid (although the 
actual factors to be used are a matter of judgment and should at least 
reflect Kenya's cost of capital) since there are different levels of 
uncertainty associated with each investment option. For example, if 
the Black Oil Rule were implemented and the product differentials 
subsequently changed such that the Black Oil case became less 
attractive than the No Investment Case, the original decision to move 
to the Black Oil Rule could be immediately changed. By contrast, if 
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one of the high cost investment options were either in progress or
 
already commissioned, and prices subsequently changed dramatically,
 
the profitability of the new assets could be jeopardized. Investment
 
cost overruns will have a greater impact on the high investment cases
 
than on the low investment cases. Lastly, process Option 1 represents
 
very simple technology whereas Case 4 involves the uso of much 
more
 
sophisticated technology, and the other cases involve the use of
 
intermediate, well-tried technology.
 

The definition of the absolute level of risk associated with each
 
option (and therefore of the appropriate discount factor) is thus
 
extremely difficult and is, in the final analysis, a matter of
 
judgment.
 

In order to provide some further insight into this issue, we
 
calculated the present value at different discount rates for the two
 
principal measures of economic performance (total project cashflow and
 
balance of payments). Total project cashflow results are shown in
 
Figure V-8 from which it can be seen that Case 3A would have to be
 
considered a higher risk than Case 4 by only I percentage point to
 
merit choosing Case 4 against Case 3A. In fact, Case 3A must be
 
considered technologically (and in terms of price and level of
 
investment less risky than Case 4. From a balance 
of payments
 
viewpoint, as shown in Figure V-9, if Case 4 is assessed as meriting a
 
risk premium of more than 2 percentage points higher discount factor
 
over Case 3A, then Case 3A would become preferable to Case 4.
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FIGURE V-8 SENSITIVITY OF TOTAL PROJECT CASHFLOW TO DISCOUNT RATE 

(Current $ Basis) 
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FIGURE V-9 SENSITIVITY OF KENYA'S BALU\i-4E OF PAYMENTS SAVINGS TO DISCOUN T RATE
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APPENDIX I-A
 

ADDITIONAL DEMAND TABLES
 

This appendix provides supporting tabular detail for several aspects
 

of the demand study presented in Chapter I of the main report:
 

Table I-A-l: Forecast 1985 Energy Demand in Kenya (Base Case) 

Table I-A-2: Forecast 1990 Energy Demand in Kenya (Base Case) 

Table I-A-3: Kenya 1985 Product Demand by Sector (Base Case) 

Table I-A-4: Kenya 1990 Product Demand by Sector (Base Case) 

Table I-A-5: Product Demand in Kenya and Neighboring Countries 
(Base Case) 

Table I-A-6: Product Demand in Kenya and Neighboring Countries 

(High Growth Variant Case) 
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TABLE I-A-i
 

FORECAST 1985 ENERGY DEMAND IN KENYA (BASE CASE) 

(Thousand tons oil equivalent*) 

Households Commercial Industrial Transportation** Agriculture Total 

Fuelwood 4510 420 890 70 5890 

Charcoal 695 300 - 995 

Coal/coke - - 200 - - 200 

Petroleum products 95 135 400 1120 95 1845 

Electricity 40 50 100 - 10 200 

TOTAL 5340 905 1590 1120 175 9130 

* 1 ton oil equivalent = 41 million BTUs 

** Including international bunkers 



TABLE I-A-2
 

FORECAST 1990 ENERGY DEMAND IN KENYA (BASE CASE) 

(Thousand tons oil equivalent*) 

Households Commercial Industrial Transportation** Agriculture Total 

Fuelwood 5230 500 1070 70 6870 

Charcoal 950 355 - - 1305 

Coal/coke - - 400 - - 400 

Petroleum products 110 160 285 1170 115 1840 

Electricity 60 65 130 - 10 265 

TOTAL 6350 1080 1885 1170 195 10680 

* I ton oil equivalent = 41 million BTUs 

** Including international bunkers 



TABLE I-A-3 

KENYA 1985 PRODUCT DEMAND, BY SECTOR (BASE CASE) 

(Thousand tons) 

Residential Commercial Industrial Transport* Agriculture TOTAL 

LPG 8 12 4  - 24 

Premium Gasoline - 130 - 130 

Regular Gasoline - 130 - 130 

Illuminating Kerosene 80 8 5 - 1 94 

Jet Fuel - 351 - 351 

Gas Oil 63 65 261 71 460
 

Industrial Diesel 11 22 20 3 56 

Fuel Oil 37 268 170 15 490 

Bitumen - - 33 33 

TOTAL 88 131 397 1062 90 1768 

*Including international bunkers 



TABLE I-A-4 

KENYA 1990 PRODUCT DEMAND, BY SECTOR (BASE CASE) 

(Thousand tons) 

Residential Commercial Industrial Transport* Agriculture TOTAL 

LPG 11 14 4 - - 29 

Premium Gasoline - - 130 - 130 

Regular Gasoline - - 130 - 130 

= Illuminating Kerosene 91 11 7 - 3 112 
41 

Jet Fuel - - 368 - 368 

Gas Oil 73 89 276 85 523 

Industrial Diesel 13 25 20 4 62 

Fuel Oil 44 121 185 20 370 

Bitumen - 35 - - 35 

TOTAL 102 155 281 1109 112 1759 

*y-icluding internitional bunkers 



TABLE I-A-5
 

PRODUCT DEMAND IN KENYA AND NEIGHBORING COUNTRIES
 

BASE CASE 

(Thousand tons) 

1980 1981 1985 1990 1995 

LPG 

Kenya 21 21 24 29 36 
Ugandr 'Others 1 1 1 1 2 
SUB I - I'AL 22 22 25 30 38 

GASOLINE 

Kenya 301 299 260 260 265 

Uganda 77 50 56 72 92 
Rwanda/Burundi 44 49 46 47 48 

Sudan/Others 12 6 9 10 10 
SUB TOTAL 434 404 371 389 415 

ILLUMINATING KEROSENE 

Kenya 90 89 94 112 133 
Uganda 42 22 25 31 37 
Rwanda/Burundi 1 4 2 2 3 
Sudan/Others 1 2 2 2 2 

SUB TOTAL 134 117 123 147 175 

JET FUEL 

Kenya 367 344 351 368 387 

Uganda 4 19 22 32 48 
Rwanda/Burundi 10 7 9 9 10 

Sudan/Others 8 5 7 7 8 
SUB TOTAL 389 375 389 416 453 
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1980 1981 1985 1990 

(Cont Id) 

1995 

GAS OIL 

Kenya 

Kenya Bunkers 

Uganda 

Rwanda/Burundi 

Sudan/Others 

SUB TOTAL 

392 

15 

58 

26 

43 

534 

376 

29 

49 

31 

31 

516 

440 

20 

57 

31 

38 

586 

500 

23 

77 

34 

40 

674 

565 

26 

103 

37 

42 

773 

INDUSTRIAL DIESEL 
Kenya 

Kenya MDO 

Uganda 

Rwanda/Burundi 

Sudan/Others 

SUB TOTAL 

inclin 

39 

31 

Gas Oil 

..... 

70 

31 

30 

-

.... 

61 

36 

20 

-

56 

42 

20 

-

62 

48 

20 

-

68 

FUEL OIL 

Kenya 

Kenya Bunkers 

Uganda 

Rwanda/Burundi 

Sudan/Others 

SUB TOTAL 

434 

96 

13 

5 

91 

639 

420 

123 

20 

7 

23 

593 

330 

160 

35 

6 

25 

556 

195 

175 

50 

6 

30 

456 

205 

i95 

70 

6 

35 

511 

BITUMEN 

Kenya 

Uganda 

Rwanda/Burundi 

Sudan/Others 

SUB TOTAL 

33 

-

1 

-

34 

39 

-

3 

1 

43 

33 

2 

2 

1 

38 

35 

5 

2 

1 

43 

36 

8 

2 

1 

47 
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(Cont 'd) 

1980 1981 1985 1990 1995 

TOTAL 

Kenya (incl.bunkers) 1819 1801 1768 1759 1916 

Uganda 195 161 198 268 359 
Rwanda/Burundi 87 101 96 100 106 
Sudan/Others 155 68 92 90 99 

GRAND TOTAL 2,256 2,131 2,144 2,217 2,480 
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TABLE I-A-6
 

PRODUCT DEMAND IN KENYA AND NEIGHBORING COUNTRIES
 

HIGH GROWTH VARIANT 

(Thousand tons) 

1980 1981 1985 1990 1995 

LPG 

Kenya 21 21 25 31 38 

Uganda/Others 1 1 1 1 2 

SUB TOTAL 22 22 26 32 40 

GASOLINE 

Kenya 301 299 270 275 285 

Uganda 77 50 60 81 108 

Rwanda/Burundi 44 49 46 47 48 

Sudan/Others 12 6 9 10 10 

SUB TOTAL 434 404 385 413 451 

ILLUMINATING KEROSENE 

Kenya 90 89 98 124 156 

Uganda 42 22 27 34 44 

Rwanda/Burundi 1 4 2 2 3 

Sudan/Others 1 2 2 2 2 

SUB TOTAL 134 117 129 162 205 

JET FUEL 

Kenya 367 344 360 393 444 

Uganda 4 19 25 37 55 

Rwanda/Burundi 10 7 9 9 10 

Sudan/Others 8 5 7 7 8 

SUB TOTAL 389 375 401 446 517 
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(Cont' d) 

1980 1981 1985 1990 1995 

GAS OIL 

Kenya 392 376 472 565 675 
Kenya Bunkers 15 29 20 25 30 

Uganda 58 49 64 86 115 
Rwanda/Burundi 26 31 31 34 37 

Sudan/Others 43 31 38 40 42 

SUB TOTAL 534 516 625 750 899 

INDUSTRIAL DIESEL 

Kenya 39 31 37 46 55 
Kenya MDO 31 30 20 21 22 

Uganda ..... 

Rwanda/Burundi . 

Sudan/Others ..... 

SUB TOTAL 70 61 57 67 77 

FUEL OIL 

Kenya 434 420 340 220 245 

Kenya Bunkers 96 123 170 200 240 

Uganda 13 20 40 60 80 
Rwanda/Burundi 5 7 6 6 6 

Sudan/Others 91 23 25 30 35 

SUB TOTAL 639 593 581 516 606 

BITUMEN 

Kenya 33 39 34 37 39 

Uganda - - 3 6 10 

Rwanda/Burundi 1 3 2 2 2 

Sudan/Others - 1 1 1 1 

SUB TOTAL 34 43 40 46 52 
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(Cont'd) 

1980 1981 1985 1990 1995 

TOTAL 

Kenya (incl.bunkers) 1819 1801 1846 1937 2229 

Uganda 195 161 220 305 413 

Rwanda/Burundi 87 101 96 100 106 
Sudan/Others 155 68 82 90 99 

GRAND TOTAL 2,256 2,131 2,244 2,432 2,847 
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APPENDIX II-A - REFINERY PROCESSING
 

1. BACKGROUND
 

This Appendix provides a brief summary of the background, refinery
 
processing, and details of the technical evaluation of selected options for
 
the modification of the East African Oil Refinery in Mombasa, Kenya.
 

1.1 PRODUCT IMBALANCE
 

There is currently, and has been for some time, an imbalance between
 
petroleum product demand in the Kenyan and contiguous markets and the
 
product slate from the existing EAOR refinery in Mombasa. Moreover, this
 
imbalance is expected to deteriorate in the future for several reasons,
 
including: a) increasing demand for middle distillates (kerosene and
 
automotive diesel oil) at the expense of fuel oil anC, to A lesser extent,
 
of motor :gasoline; and b) the inability of the present EaOR refinery to
 
modify its production slate due to processing limitations. (See Section
 
2.6.)
 

1.2 WHITE OIL RULE
 

At present, the EAOR refinery attempts to meet the full domestic market
 
demand for all white products simply by processing sufficient crude oil.
 
This is known as the "White Oil Rule," under which no white products may be
 
imported. Surplus products (primarily residual fuel oil) are exported at
 
spot prices leading to a substantial waste of the limited Kenyan foreign
 
exchange available.
 

1.3 PROPOSED REFINERY MODIFICATIONS
 

One way to reduce, or even eliminate, the product imbalance discussed above
 
is to install additional rrocessing facilities that would allow the
 
refinery to modify its product slate. Several such processing schemes,
 
referred to as Cases 1, 2, 3, 3A and 4, are discussed below in detail. A
 
No Investment Case, involving no changes to the existing refinery, has also
 
been developed for comparison purposes. For these technical studies, 1995
 
has been selected as the base year for material balance calculations and
 
sizing of new processing units (see Section 3.1). Crude oil is assumed to
 
be 90% by wt. Arabian Light and 10% by wt. Arabian Heavy (see Section 3.2).
 
Recognizing that a lighter crude slate c~n significantly improve operations
 
(in accordance with current industry practice) the No Investment Case is
 
also analyzed using alternative light crude slates containing 25% and 50%
 
Abu Dhabi Murban in the mix (see Section 3.8.6). An alternative, heavier
 
crude slate consisting of 75% Arabian Light and 25% Arabian Heavy has also
 
been evaluated in a sensitivity analysis (see Section 3.8). Application of
 
a so-called Black Oil Rule case has been Investigated (see Section 3.10).
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2. EXISTING EAOR REFINERY
 

This Section discusses briefly the history, current operation, mechanical
 

condit:ion, and processing limitations of the existing EAOR refinery at
 
Mombasa.
 

2.1 HISTORY
 

The EAOR refinery is of the so-call d "hydro-skimming" type, consisting of 

atmospheric crude oil distilla,,ioa, naphtha hydrotreating, reforming 
(Platforming) for gasoline occane improvement, and hydrotreating of
 

kerosene. There is no unit specifically designated for hydrotreating LGO.
 
There is a small vacuum distillation unit and air-blowing facility for
 

making bitumen (up to 50 MT/SD) from suitable crude oil. There is also a
 

small grease plant.
 

The refinery consists of two Complexes, each complete in itself with a CDU,
 

Platformer, and HDS un!tS. Complex I, with nominal (Arabian Light) crude
 
oil capacity of 2,412 10 MT/yr (7,200 MT/SD) w s started up in 1964, and
 

Complex II, with nominal capacity of 1,474 10 MT/yr (4,400 MT/SD) was
 
started up in 1974. Nominal total capacity of the refinery is 11,600
 
MT/SD, or 3.886 million MT/yr, based on 335 stream days per year. This is
 
equivalent to 84,000 barrels per stream day.
 

An average crude oil throughput of 3.0 million metric tons (8,325 MT/SD),
 

the maximum to date, was reached in 1980. However, the refinery has
 
recently been operating at reduced crude throughput, i.e., 2.7 million tons
 
in 1981 and only 2.2 million tons in 1982.
 

A flow diagram for the existing refinery is shown as Figure 2.1-1 and
 
product yields for two recent years are shown in Table 2.1-1.
 

2.2 MANAGEMENT AND OWNERSHIP
 

The EAOR refinery operates on a "processing fee" basis and therefore does 

not take title to any crude oil or products. The Individual marketing 
companies, of which there are six in Kenya (see Chapter II of this study) 
import parcels (cargoes) of crude oil which the refinery processes on a 
so-called "deemed yield" basis, for a fee. The amount of the fee depends 

on the type of ciade 4il and is computed on a "US dollar per barrel" basis. 
Product yields are agreed between the parties before the crude oil is 
processed. The refinery, however, does not in general attempt to segregate 
the various crude oils, but processes them together in the most efficient 

way available at the time. The marketing company supplying the crude 

receives the agreed yields but the products are not necessarily derived 

from the actual crude oil that the marketing company had provided. 

All the marketing companies use the same product specifications, although
 

special additives are sometimes employed for marketing purposes.
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TABLE 2.1 - I 

HIISI[GRIC ;'El:i.,1.'.',Y .:'1 ' B",A 1 

INTAKE 0 19' 1 
o OX.TN"' it i WT OJU:T/Yi,. W.V 

CKUDE OIL 3031.5 9 .8 2704.3 9 9 .8 

SLOPS 7.1 0.2 4.5 ).2 

30"28. 6 100. 0 2708. 8 1:.0. 0 

OUTPUT
 

1,PG 24.1 0.8 22.3 0. 6 

Gasoline 426.9 14.1 369.3 13.7 

Kero.';ine/A 436.5 14.4 474.8 17.5 

Gas oil 523.9 17.2 466.6 17.2 

Diesel 84.7 2.8 69.'' 2.5 

Fuel Oil 2.5% 76.0 2.5 /1.9 2.7 

.
Fuel Oil II.S. + 1336.7 44.0 ]]IL8.O 41.3 

Nitt men 31.0 1.0 33.1 1.2 

Iiter-medlates 1.7 0 (3.1) (6. 1) 

Fuel/Loss 97.1 3. 87.7 3.2 

1"';rAL 3038.6 100. 0 2703.8 100.0 

*Fuel Oil Exports 923.0 30.4 645.7 23.P 

(1) Source: Facts and rigures on 1930 and 1981 Operation
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The refinery is owned 50% by the Kenyan Government and 50% by four of the
 
oil companies marketing in Kenya. The refinery is managed under a
 
Management Contract and Technical Service Agreement by SIPM of The Hague.
 
Expatriate staff, including the refinery manager, are supplied by SIPM and
 
rotated every few years. As of mid-1982, there were fourteen expatriates
 
working at the EAOR refinery.
 

2.3 CRUDE AND PRODUCT HANDLING
 

All crude oil is received by pipeline from the tanker terminal at Port
 
Reitz located five miles from the refinery. Crude oil is unloaded st the
 
Port Reitz dock (under refinery control) from 50,000- to 70,000-DIT tankers
 
and is pumped to the refinery by shore-based pumps (due to the difference
 
in elevation). There is a fuel oil line from the refinery back to the
 
crude oil dock where there is a 50,000-ton fuel oil tank which is used for
 
loading fuel oil for export, usually into crude oil tankers that have
 
discharged their cargo.
 

All major products are dispatched from the refinery by pipeline, but LPG
 
and bitumen are shipped from truck and railcar loading stations within the
 
refinery. There is a 14-inch white oil product pipeline (with five pumping
 
stations) from Mombasa to Nairobi for shipping gasoline, kerosene and
 
automotive gas oil for Nairobi and up-country markets. The pipeline is
 
independently operated by Kenva Pipeline Company. The refinery pumps
 
products to the pipeline company's tanks located a short distance from the
 
refinery limits. Approxiviatelv 80% of the petroleum products sold in Kenya
 
are moved through this pipeline. The refinery also pumps products to the
 
local (Mombasa) depots of the six marketing companies for distribution to
 
coastal and other local markets.
 

2.4 MECHANICAL CONDITION OF REFINERY
 

Housekeeping at the EAOR refinery Is excellent. In general, the mechanical
 
condition and maintenance of existing equipment is satisfactory.
 

A detailed appraisal of the condition (and value) of the Mombasa Refinery
 
was conducted by J. G. White, Inc. in November of 1980. We have reviewed
 
this report and have also made an independent detailed external visual
 
inspection of each refinery process unit, utility and offsite facility, and
 
also the Port Reitz terminal. Oitr inspection indicated no obvious serious
 
problems. In addition, a revihw of historic records confirmed the true
 
life condition percentage for each category of equipment and material as
 
reported in the J. G. 17hite report. Finally, a review of recent inspection
 
and maintenance records indicated no unusual maintenance activity or
 
accelerated deterioration of equipment since 1980, the date of the J. G.
 
White report.
 

Based on the above review of the J. G. White report and of the refinery
 
inspection records, and on discussions with refinery personnel, we believe
 
that the refinery can be adequately maintained through 1995 in a condition
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to warrant additions of down-stream process upgrading. Maintenance costs
 
will increase in constant dollars on both Complexes, however, and beyond
 
1995 replacement of some major equipment items on Complex I may be
 
required. Details of projected future maintenance costs are discussed
 
in Appendix III-B.
 

There are no site-specific factors that would preclude upgrading the
 
existing refinery. There is sufficient suitable land available for
 
expansion. No piling is required. With planned minor debottlenecking, the
 
refinery can be run efficiently up to 11,600 metric tons per stream day
 
(see Section 3.3), and refinery offsites and utilities are generally
 
adequate at maximum throughput (see Section 3.7).
 

2.5 SUPPLIES AND SPARE PARTS
 

Due principally to excessive Government controls, including those related
 
primarily to foreign exchange and customs, great difficulty and delay has
 
been encountered by EAOR in obtaining delivery of necessary spare parts and
 
supplies. A delay of a year or more after ordering is said to be normal.
 
During our visit in September of 1982 it was reported that the refinery was
 
then running well below optimum efficiency due to the lack of spare parts
 
and supplies and that a proposed (and needed) turnaround had already been
 
postponed several times. It is apparent that delays of this magnitude
 
would make it extremely difficult to operate modern high-pressure
 
processing equipment, such as in Case 4, with proper safety.
 

2.6 PROCESSING DFFICIENCIES
 

The EAOR refinery was originally designed to meet a product demand slate
 
closely matched to that obtained from simple crude oil distillation.
 

Three types of processing deficiencies in the present refinery need to be
 
considered.
 

2.6.1 CDII Limitations
 

It has been found that CDU fractionation efficiency tends to fall off at
 
refinery throughputs above 7,000 MT/SD (60% of capacity). The problem has
 
recently been investigated by SIPM and will be corrected in the near future
 
as part of normal maintenance (see Section 3.3 for details).
 

It has been agreed with both EAOR and SIPM that, for the purpose of the
 
present study, the standard CDU yields for 7,000 MT/SD should be used up to
 
the refinery maximum of 11,600 MT/SD.
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2.6.2 Inadequate LGO Treating Facilities
 

The existint refinery has no hydrodesulfurizing (HDS) treating unit
 
specifically for LCO. Thus, the yield of LGO meeting the Automotive Gas
 
Oil specification of 1.0% wt. (maximum) sulfur content is limited to
 
fractions that can be made directly from crude oils with this sulfur
 
content. The deemed refinery yields for the various crude oils reflect the
 
limitation at the higher throughputs (above 7,000 MT/SD).
 

At lower crude oil throughputs (up to 7,000 MT/SD), however, there is
 
surplus kerosene HDS treating capacity available in Complex II, and it is
 
possible to utilize this excess capacity to remove some sulfur from LGO and
 
thereby increase the net AGO yield at 1.0% wt. sulfur. This surplus HDS
 
capacity is, however, only available at less than maximum crude oil
 
throughputs.
 

In the absence of crude oils of suitable quality one of the obvious ways to
 
increase the yield of AGO (and thereby to match more nearly the Kenyan and
 
contiguous market demand slate) is to provide additional HDS treating
 
capacity specifically for LGO. Assuming the design crude selected for this
 
study (90% Arab Light/10% Arab Heavy) this is achieved in Case I by
 
providing an inexpensive Merox unit for treating part of the kerosene,
 
thereby releasing the existing Complex II kerosene HDS unit exclusively for
 
LGO. In Case 2, it is achieved by providing a new HDS unit for treating
 
all the available LGO, so that the LGO yield on the CDUs is not restricted
 
by sulfur content. At the same time, the existing 800 MT/SD kerosene HDS
 
unit in Complex II is retained exclusively for kerosene. In Cases 3 and 3A
 
also, a similar new LGO HDS unit is provided, which in Case 3A treats both
 
straight-run (S-R) and thermally-cracked (T-C) LGO.
 

2.6.3 Lack of Heavy Oil Processing Capability
 

As noted above, EAOR is a "hydro-skimming" refinery, a term which implies
 
the absence of processing facilities for the heavy residual oils. Such
 
refineries were commonly built when the market demand was slanted towards
 
motor gasoline and fuel oil.
 

In the past there was also a more plentiful supply of light crudes duch as
 
Murban to run in the EAOR refinery. It is generally believed that the
 
average crude oil gravity is likely to become heavier in the future, thus
 
putting existing hydroskiming refineries such as EAOR at a further
 
disadvantage.
 

The solution is to add processing facilities to convert the heavy
 
atmospheric (or "long") residue from the crude distillation units to
 
lighter products. It is primarily the absence of such heavy oil processing
 
facilities which currently forces the EAOR refinery to make a high yield of
 
fuel oil when the Kenyan and contiguous market can only absorb limited
 
volumes of this product.
 

The process of making lighter products from a heavy residual oil such as
 
atmospheric residue is known as cracking. There are several kinds of
 
cracking available, as follows:
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Process Feedstock
 

Thermal Cracking and Visbreaking Residual Oil
 

Thermal (Delayed) Coking Residual Oil
 

Catalytic Cracking Vacuum Gas Oil
 

Hydrocracking Vacuum Gas Oil
 

Residue Hydrocracking Residual Oil
 

When necessary, more than one of the above processes may be combined, e.g.
 

catalytic cracking with thermal visbreaking of the short residue from the
 

vacuum unit. Not all the above processes have been examined in detail for
 

the EAOR refinery.
 

In the present study, thermal (delayed) coking has been eliminated a)
 

because it produces a high-sulfur coke for which there is only a very
 

limited (if any) market in Kenya and surrounding areas, and b) because the
 

other main product of coking is motor gasoline, whereas the Kenyan and
 

contiguous markets require primarily middle distillates (kerosene and
 

automotive gas oil).
 

Since catalytic cracking primarily produces motor gasoline, it also has
 

been eliminated in the present study. Although some light gas oil (cycle
 

oil) is also produced, it is relatively high in sulfur content and has a
 

low cetane number (in the order of 35), making it a poor component of AGO
 

(minimum 50 cetane number).
 

Residue Hydrocracking, although effective as a means of reducing fuel oil
 

and increasing middle distillates, is a relatively new type of process and
 

current commercial experience is quite limited. Furthermore, it has been
 

found possible to meet projected 1995 white oil demand and to eliminate
 

fuel oil exports with standard distillate Hydrocracking--a well established
 

commercial process. For this reason Residue Hydrocracking has not been
 

investigated for the EAOR refinery.
 

The two cracking processes considered in the present study are long-residue
 

visbreaking and gas oil thermal cracking (Cases 3 and 3A), and VGO
 

Hydrocracking (Case 4). The former is a well-tried process which is
 

install and to operate but requires considerable
relatively cheap both to 


downstream processing of the conversion products. In the latter process
 

(Hydrocracking), hydrogen is added to heavy vacuum distillate, under very
 

high pressure in presence of a catalyst. Yields of high-cetane, low-sulfur
 

light gas oil and of high-smoke-point kerosene are extremely high.
 

Hydrocracking is certainly the best process available for making a high
 

yield of middle distillates and a low yield of fuel oil as required by the
 

Kenyan and contiguous markets, but it is also very expensive to install and
 

requires high technology to operate safely and efficiently.
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3. TECHNICAL PROPOSALS
 

This section presents technical details of the various Cases. Also
 
discussed are the factors involved in a) choosing the type of crude oil on
 
which to base the design of the proposed new facilities, and b) selecting
 
the year for which the projected market demand is to be used as the
 
refinery product slate in developing the design.
 

3.1 SELECTION OF CRUDE OIL FOR DESIGN
 

The crude oil selected to develop the design and capacity of proposed new
 
processing facilities has an important effect on the nature and cost of
 
these facilities. The comparative analysis of process modification options
 
presented in this study was based on processing a mixture of 90% wt Arabian
 
Light crude and 10% wt Arabian Heavy crude, and the new units were sized to
 
run this crude slate. This proportion of Arabian Heavy crude was selected
 
to provide a source of bitumen and so as to represent the heaviest crude
 
mix which would yield feasible results in the No Investment Case without
 
any process modifications to the refinery.
 

Table 3.1.1 shows EAOR's crude oil intake statistics for the 5-year period
 
1978 to 1982 (ist 9 months only). In 1978 and 1982, average crude oil
 
gravity was 34.6 oAPI and the (critical) yield of long residue was 40.8%
 
wt. In the years 1979-81 a much heavier crude was run, however, with an
 
average gravity of 33.6 0API and a long residue yield of 42.5% wt.
 

Table 3.1.11 shows a comparison of the crude slates considered in this
 
study, and compares these as to gravity and long residue yield with actuals
 
in recent years.
 

It was not deemed necessary to consider the use of a lighter crude slate in
 
any detail for process design or comparison purposes since it is apparent
 
that the refinery will produce less surplus fuel oil and more light
 
products, the lighter the crude slate. As a processing refinery, EAOR has
 
no control over its crude slate (which is presumably the result of system
 
optimization by the individual user companies) and thus it was felt that
 
the design crude should be chosen conservatively. In fact, once secondary
 
processing equipment has been installed at EAOR, the users will have a
 
significant incentive to run the heavier crudes. For comparative purposes
 
the same crude slate has been assumed in comparing the new processing
 
options with the No Investment case. However, it was recognized In making
 
this decision that the No Investment case would produce extremely
 
unfavorable material balances, particularly in the later years. It is
 
unlikely, therefore, that if the refinery were not modified, that this
 
heavy crude slate would be run at EAOR since the user companies would
 
likely supply light crudes at higher cost and avoid the punitive imports of
 
automotive gas oil which would have to occur to meet demand in Kenya and
 
the contiguous markets, when running an Arab Light type crude slate.
 
Therefore, so as to present a more realistic No Investment analysis, and so
 
as to ensure that the economics of the process alternatives are not
 
presented in a misleading fashion, two alternative light crude cases were
 
analyzed in the No Investment case, so as to reflect the way in which EAOR
 
would be run were no modifications to be made.
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TABLE 3.1.1
 

EAOR CRUDE OIL INTAKE (1978-1982)
 

(Thousand Metric Tons Per Year)
 

Lonp
 

Residue
 

*API Wt % 1978 1 19791 19801 19811 19822
 

(Nine Months)
 

Arabian Light 33.4 42.8 624.2 1068.2 876.0 785.2 577.6
 

Arabian Medium 30.0 49.6 
 14.4 166.2 673.2 658.7 40.9
 

Arabian Heavy 29.4 56.0 - - 73.5 
 75.5 62.0
 

Aranian Light 33.4 43.0 542.9 123.6 - 67.5 53.8
 

Iranian Medium 31.0 45.2 526.8 370.7 92.6 65.7 65.3
 

Qutar Marine 36.2 36.5 427.8 379.9 
 523.6 34.2 -


Qutar Dukhan 40.2 32.7 259.7 - 52.0 
 52.6 64.8
 

Zakum 
 38.8 33.3 136.0 257.4 282.9 50.9 46.3
 

Murban 39.2 33.C  - 63.8 584.7 447.4
 

Kuwait 31.9 45.2 - 185.3 383.9 
 67.5 53.4
 

Dubai 30.8 
 52.3 - - - 66.8 -


Oman 33.4 44.3 
 - - - 195 0 199.2
 

Basrah 34.6 43.5 48.0 120.1 -  -

Abu Al Bukoush 31.5 44.5 - 57.2 - - -

Suez Mix 32.9 
 46.3 - - - - 104.2 

Slops 33.4 42.8 4.9 10.5 7.1 4.5 3.0 

TOTAL 
 2584.7 2739.1 3028.6 2708.8 1717.9
 

TOTAL: MT/CD 7,081 8,275
7,504 7,421 6,293
 

% Long Residual 
 40.8 42.0 42.7 42.7 40.8
 
OAPI 
 34.3 33.6 33.5 33.7 34.9
 

*Includes spike
 

1Facts and figures on refienry operations received from EAOR, July 7, 1982
 
2 1st 9 months 1982 data from EAOR February, 1983
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TABLE 3.1.11
 

COMPARISON OF STUDY CRUDE SLATES AND EAOR ACTUALS
 
Crude Mix: Wt %
 

eAPI 

Wt % 
Long

Residue 
Base 
Case 

Heavy
Crude 

ADL Study Cases 
Light Crude Slates 
75/25 50750 

EAOR Actuals 

1979/80/81 1978/1982 1978-1982 

Arabian Light 33.4 42.8 90 75 67.5 45.0 

Arabian Heavy 29.4 56.0 10 25 7.5 5.0 

Murban 39.2 33.0 0 0 25.0 50.0 

Total 100 100 100.0 100.0 

Wt % Long Residue 44.1 46.1 41.3 38.6 42.5 40.8 41.9 

0API 33.0 32.4 34.6 36.1 33.6 34.6 34.0 

F
 



It should also be noted that crude oil delivered to EAOR could be spiked
 
with light products (for example, automotive gas oil). Although this would
 
obviously reduce the processing investment required to meet product demand,
 
we do not feel that under the present crude supply arrangements, spiking
 
can be relied upon for the supply of the Kenyan market.
 

A sensitivity test was also conducted in which EAOR was assumed to be
 
supplied with a somewhat heavier crude mix, containing 75% wt Arabian Light
 
and 25% wt Arabian Heavy. This test was run for a single design year only,
 
simply to assess the operability of each case.
 

3.2 SELECTION OF BASE YEAR FOR PRODUCT DEMAND PROJECTION
 

New refinery process units should be sized to meet projected product demand
 
some four to five years after the new units are expected to be
 
commissioned. The new equipment will thus operate below design capacity
 
during the first four to five years of its life, allowing the refinery
 
staff to "tune up" the operation slowly and efficiently.
 

In the present case, it seems likely tltat a final financing agreement,
 
after completion of the detailed engineering study, will not be completed
 
before mid-1934 at the earliest, aad more probably early in 1985.
 
Commissioning is then unlikely before early 1986 to early 1988, depending
 
on which Case is chosen by the owners.
 

Since detailed market projections were made for 1990 and 1995 (see Chapter
 
I), it was decided to use the 1995 projected product demand slate (basis
 
Kenya and contiguous markets) for process sizing and design purposes.
 

A sensitivity analysis for the corresponding 1990 projected product demand
 
is presented in Section 3.8.
 

Projected product demand data (corresponding with the Base Case projection
 
for Kenya and contiguous markets as defined in Chapter II of this study)
 
for the two years 1990 and 1995, are given in Table 3.2-1 for reference.
 

3.3 DEBOTTLENECKING OF EXISTING CDUs
 

As discussed below, no increase in the maximum crude oil distillation
 
capacity at the EAOR refinery is contemplated in this study.
 

The existing CDUs have been found to operate at reduced fractionating
 
efficiency at higher refinery crude oil intakes, above 7,000 MT/SD. This
 
effect can be illustrated by the following deemed yield data for Light
 
Arabian crude oil.
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TABLE 3.2 - I 

PRODUCT DELU1'D PRUJECTIONS 
AS USED FOR TECHNICAL PROPOSALS
 

Thousand of Metric Tons Per Year
 

1990 	 1995
 

LPG 	 30 38
 

Motor Gasoline
 
Premium (1) 192 192 207
 

Regular (1) 193 193 208
 

Subtotal 385 415
 

Illuminating Kerosene 147 175
 

Jet Fuel 416 453
 

Automotive Gas Oil 674 773
 

Industrial Diesel 62 68
 

Bitumen 43 47
 

Fuel Oils
 

Low Sulphur 25(2) 25(2)
 

Inland 256 291
 

Bunkers (3) 175 195
 

Sub-total 456 511
 

TOTAL 	 1217 2480
 

NOTES: .. Assumed 50/50 split basis current demand.
 

2. 	Used in Cement Plants. Estimate by Shell Oil Company
 

3. 	For use in Kenya. Does not include surplus fuel
 

Uil.
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Crude Intake, MT/SD 11,600 7,000
 

Yields on Crude % wt
 

Gasoline and Lights 17.5 17.5
 
Kerosene 12.6 13.0
 
LGO (1.0% wt S) 14.6 14.7
 
HGO 8.5 12.0
 
Residue (Long) 46.8 42.8
 

It will be noted that the yield of residue is substantially reduced at the
 
lower rate of crude input, indicating better operation of the units.
 

In mid-1982, SIPM (Shell International Petroleum and Marketing) made a
 
study of the factors limiting CDU efficiency at higher crude intake rateo.
 
As a result of this study, the recommendation was made to debottleneck the
 
Complex II CDU by a) reducing pressure drop in the overhead section of the
 
tower by installing a compressor, etc., and b) modifying the fired heater.
 

Although not yet approved by EAOR, it has been assumed for the purposes of
 
the present study that the above debottlenecking will be installed as part
 
of ordinary refinery maintenance in the fairly near future. As a result,
 
it was agreed with the EAOR technical staff and later confirmed by SIP1
 
that the "Low Intake" deemed yields could and should be us d in the present
 
study at all crude oil intake rates up to the refinery maximum of 11,600
 
MT/SD. This has been done aloo in the No Investment Case, where it is
 
assumed that no additions or changes are made to the existing; refinery
 
other than this CDU debottlenecking.
 

3.4 PRODUCT SPECIFICATIONS
 

The specifications for petroleum products currently being sold in Kerlya
 
were provided by EAOR. The more critical of these specificationc for each
 
product are discussed below.
 

All six companies processing crude oil at the EAOR refinery and marketing
 
in Kenya, sell products to the same specifications. Storage tanks are
 
often used interchangeably by the marketing companies. Special additives
 
are sometimes employed to gain marketing advantage.
 

In recent months a review of the existing product specifications in Kenya
 
has been conducted by the MOE and the oil companies with a view to a)
 
correcting inconsistent and/cr obsolete specifications, and b) bringing the
 
present Kenya specifications more into line with current worldwide
 
practice. The recommended specification changes will probably be adopted,
 
since all tend to improve the country's foreign exchange position by
 
increasing the refinery's yields of white products. We have thus assumed
 
that all the specification changes d~ncussed below will be put into effect
 
in Lhe near future.
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3.4.1 LPG
 

No changes in the current specifications for this product are expected.
 
The important control point is the vapor pressure, 70 PSIG maximum at
 
100*F, which limits the proportion of propane (C3) in the mixture. The
 
LPG sold in Kenya consists essentially of butanes (C4 s), with up to 10%
 
of propane. Thus, LPG can be used directly as a blending agent for control
 
of motor gasoline vapor pressure when necessary.
 

3.4.2 Motor Gasoline
 

No changes in the current specifications for this product are expected.
 
Two grades of motor gasoline are marketed in Kenya: regular, with octane
 
No. 83 (RON); and premium, with octane No. 93/95 (RON). Permissible T.E.L.
 
content is 3.2 (maximum) grams Pb per US gallon in both grades.
 

Typical gasoline blends cLnsist of S-R tops (C5-180*F) and platformate,
 
with some butanes (added when necessary) to control vapor pressure.

Distillation specs are conventional, with ASTM 10% at 71*C, 160.5 0F (max)
 
and ASTM 90% at 180*C, 356*F (max). Sulfur spec is 0.2% wt (max).
Volatility is controlled by a flexible specification (the sum of RVP + 
O.1E70) and is varied with season and point-of-sale. 

3.4.3 Kerosene
 

Only a single grade of kerosene is distributed in Kenya and contiguous
 
markets, for sale either as illuminating (lamp) kerosene (about 28% of the
 
projected 1995 market) or as aviation jet fuel (about 72% of the projected
 
1995 market). However, because the current sulfur specificatien for
 
illuminating kerosene is 0.15% wt max (a holdover from tl'e past), while the
 
sulfur specification for jet fuel (AVTUR) is 0.3% wt max, at present all
 
kerosene in Kenya is sold at 0.15% wt sulfur (max), the lower of the two
 
specifications. In the near future, a uniform sulfur spec of 0.25% wt max
 
is expected to be adopted for both grades of kerosene, and this has be~n
 
used in the present study.
 

Other specifications such as smoke point for illuminating kerosene (25 max)
 
and freeze point for jet fuel (-47°C max) are conventional.
 

3.4.4 Automotive Gas Oil
 

The controlling specification for this product is the 1% wt (max) sulfur
 
content. Part of the existing kerosene HDS capacity in Complex II is
 
available for LGO treating but only at reduced crude oil intake.
 
Otherwise, there is no HDS treating capacity for LGO, and sulfur content
 
controls the yield of LGO from the CDUs. The proposed installation of new
 
HDS treating facilities for LGO, would eliminate this limitation.
 

It is understood from information received from the EAOR Technical
 
Department, that the ASTM distillation specifications for AGO in Kenya are
 
soon to be relaxed; the 90% recovery temperature from 3570 to 3650 C (6890F)
 
(max); and the end-point from 385 0C to 400°C (752*F) (max). This
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relaxation has been assumed to be in effect in the present study and
 

results in substantially increasing the permissible yield of LGO, at the
 

expense of HGO (assuming that the higher sulfur content of the L''O can be
 

controlled by new HPS treating facilities as outlined in Section 3.6.6).
 

Relaxation of AGO flash point specification from 1660 F (min) to 150°F (min)
 

and of AGO cetane number specification from 52 (min) to 50 (min), has been
 

recommended to the Kenya Government and has also been adopted in the
 

present study.
 

The proposed Cloud Point specification for AGO of max 48°F is not limiting
 

with the crude slate used in this study.
 

3.4.5 Fuel Oils
 

Considerable changes and simplifications have been recommended to the
 

Government in regard to the specifications for the different grades of fuel
 

oil marketed in Kenya and the contiguous markets. The proposed new fuel
 

oil specifications which have been assumed to be in effect in this study,
 

are as follows:
 

Grade of Fuel Oil Max Viscosity Max Sulfur
 
Cs@50°C % wt
 

2.5
1. Domestic, Low Sulfur 180 

3.7
2. Domestic, Inland 180 


3. Domestic, Bunkers 280 4.0
 
280 4.0
4. Export 


* Used primarily in cement manufacture.
 

The above fuel oil grades and specifications have been assumed to replace
 

the current fuel oil grades. Pour Point will not be a problem with the
 

selected crude slate due to the elimination of the inland low-viscosity,
 
high-sulfur grade.
 

3.4.6 Other Products
 

Specifications for other products such as industrial diesel oil, bitumen,
 

etc. are assumed to remain unchanged.
 

3.5 CASES STUDIED
 

This section describes the various processing schemes (No Investment Case
 

and Cases 1, 2, 3, 3A and 4). Before considering the specific cases in
 

detail, however, it is desirable to review some of the general factors
 

involved in making the comparisons, particularly the crude oil input rates.
 

The crude oil slate and the projected product demand have already been
 

discussed in Sections 3.1 and 3.2 above.
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3.5.1 Crude Oil Input Rates
 

It is usual practice, when comparing alternative processing schemes, to
 
maintain a fixed crude oil input rate in all the cases and then to evaluate
 
the differential results in terms of Gross Refinery Margin, Return on
 
Investment, or some similar performance measure. The implication is that
 
the product slate (derived from a fixed volume of crude) is the primary
 
variable and there are available maikets tor all products.
 

Tho! situation at Mombasa is different in that the export market is
 
extremelv limited. In general, it will be uneconomic for EAOR to make
 
'oroducts over and above those to be consumed in Kenya and the contiguous
 
markets.
 

Kenya experiences several problems in e:tporting petroleum products; firstly
 
it is a long way away from the major export markets (such as Europe or the
 
markets served out of Singapore). Secondly, Kenyan exports would have to
 
compete with petroleum product exports from the Middle East, where several
 
large export refineries are being built (see Chapter IV). The EAOR
 
refinery would be at a severe disadvantage with regard to both scale of
 
operation ard cost. Kenya does not have port facilities capable of
 
handling large tankers and thus its high costs of transportation of both
 
crude oil and products will place it at a disadvantage. Finally, Kenya's
 
difficult foreign exchange situation makes it imperative to operate the
 
refinery in such a way as to minimize potential foreign exchange problems.
 

The conclusion is that petroleum product exports should be avoided as far
 
as possible. In these circumstances the only variable becomes the quantity
 
of surplus fuel oil that the rcfinery is forced to make for technical
 
reasons associated with any particular processing scheme, while meeting to
 
the extent possible the domestic demand for white products.
 

It follows that the best way to compare processing schemes for the EAOR
 
refinery is to design each scheme with its own optimum crude oil input
 
rate. This optimu" rate is defined as the lowest crude oil input rate at
 
which the full Kenya and contiguous market demand slate for on-specifica
tion products can just be met. By definition, the amount of fuel oil that
 
must be exported will *hen be the minimum for that particular processing
 
scheme, and presumably the corresponding savings in foreign exchange will
 
be at a maximum.
 

The above method may result in process unit sizes which are not "in
 
proportion" to the full crude-oil capacity of the refinery. However, since
 
it is not proposed to operate the refinery at its full nominal crude oil
 
capacity during the period under review, the selected process units are "in
 
proportion" to the reduced CDU capacity. Some excess CDU capacity is
 
inevitable in certain cases but this is not important in view of the
 
foreign exchange savings.
 

For each processing scheme, a series of trial material balance calculations
 
was made, at different crude oil input rates. The crude raze finally
 
selected for each case was the lowest which just satisfied the 1995
 
projected Kcnya and contiguous market demand for every prcA-z% individually
 
(see Table 3.2-1), while at the same time meeting specifications on all
 
products (including any excess fuel oil for export).
 

I I-A-17 L ArhurD. te,Inc. 

14~ 



Minimum "spec give-away" is another way of looking at the problem. The
 
most critical specs turn out to be (a) sulfur content of AGO, and (b)
 
sulfur content and viscosity of domestic fuel oils (see Section 3.6.2 below
 
for discussion). In each Case, however, the higher the crude input rate,
 
the easier it becomes to meet the product specs, but at the same time, the
 
greater the amount of surplus fuel oil that has to be exported.
 

A critical processing feature in several of the Cases was the hydrogen
 
balance (see Section 3.5.3 	for detaila). Again, increasing the crude oil
 
input rate tended to alleviate the problem, but also increased the amount
 
of fuel oil for export.
 

It should be noted Lhat in two of the cases studied, (the No Investment
 
Case and Case 1), the crude oil input rate in 1995 was limited by the
 
maximum crude oil capacity of the existing refinery. Because of this
 
limita' on it was not possibly fully to meet the 1995 Kenya and contiguous
 
market product demand in these cases and it became necessary to import some
 
automotive gas oil (AGO). In effect, the white oil rule could not be
 
applied. Fuel oil exports are already very high in these two cases but
 
would, of course, have been even higher if the crude input rate could have
 
been increased to the point where the product demand slate was fully met.
 

3.5.2 Types of Process
 

A total of five processing cases have been studied, plus a No Investment
 
Case as follows:
 

* No Investment Case: 	 No new process plant additions.
 

* Case 1: 	 New Merox unit for kerosene treating
 

* Case 2: 	 New HDS unit for LGO treating
 

• Case 3: 	 New T/C unit, plus new HDS unit for S-R
 
LGO, plus H S scrubbing and sulfur
 
recovery facililies.
 

" Case 3A: 	 New T/C unit with new HDS unit for both S-R
 
LGO and (some) T/C LGO, plus a smaL
 
package hydrogen plant and H2S sr-ubbing
 
and sulfur recovery facilities.
 

" Case 4: 	 New hydrocracker plus vacuum un-.,
 
steam-reforming hydrogen 	 plant and H2S
 
scrubbing and sulfur recovery facilities.
 
Refinery power generating plant.
 

The existing EAOR refinery suffers from several kinds of processing
 
deficiency, including (1) lack of LGO hydrotreating capacity and (2) lack
 
of any long-residue cracking facilities to increase yields of white
 
products at the expense of fuel oil. The various processing schemes
 
studied represent attempts to correct these deficiencies.
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Cases 1 through 3A essentially involve increasing the LGO desulfurization
 
capacity and hence improving the net yield of AGO on crude oil. Cases 3,
 
3A and 4 involve the addition of long-residue conversion facilities in
 
order to increase middle distillate yields at the expense of fuel oil.
 
Cases 3 and 3A are based on long residue visbreaking and recycle gas oil
 
thermal cracking, a well-established conversion process. Case 4 is based
 
on hydrocracking of vacuum distillate, a modern conversion process for
 
making maximum yields of AGO and other middle distillates while reducing
 
fuel oil production.
 

3.5.3 Description of Cases
 

A summary of the cases showing crude oil intake, AGO imports (if any) and
 
fuel oil exports, is given in Table 3.5-1. Summary overall material
 
balances are shown in Table 3.5-Il. Block flow diagrams are presented in
 
Figures 3.5-1 through 3.5-5 located in Section 3.5.4. Calculated and
 
design capacities of the various processing units in each case are
 
presented in Table 3.5-111.
 

Due to time constraints the various data presented in the Tables and
 
Figures referred to above, although reasonably s-lf-consistent may not be
 
in exact agreement.
 

The immediate and urgent first step in the study vas to develop the
 
"design" process unit capacities, feedstock qualities and yields for each
 
case. This information was supplied to various process licensors for cost
 
estimating purposes. A series of preliminary material balances was made to
 
determine, for each case (a) the optimum crude oil input rate (see Section
 
3.5.1), and (b) the "calculated" process-unit capacities to which factors
 
were then applied to obtain the "design" capacities for cost estimating
 
purposes (see Table 3.5-111).
 

The material balance calculations were made on the basis of "metric tons 
per year." To convert these calculated unit capacities to a stream-day 
basis, for preliminary sizing ard cost estimating purposes, a uniform 
operating efficiency of 335 stream days per calendar year has been adopted 
for all units, it is well known, of course, that actual operating 
efficiency varies with the type of procep', unit being considered and this 
factor will be taken into account in determ .,ing exact unit capacities when 
a detailed engineering review is made of the 6cected case.
 

The second step in the study was to refine the selected cases, check the
 
specifications in greater detail, and develop block flow diagrams (Figures
 
3.5-1 through 3.5-5) and overall Material Balances as presented in Tables
 
3.5-1 and 3.5-II).
 

For discussion of the CDU yields used in the various cases, see Section
 
3.6.1 below.
 

* No Investment Case
 

In this case it is assumed that no new profess units are added to
 
the refinery but that the debottlenecking of the Complex II CDU (as
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TABLE 3.5 - I 

EAOR REFINERY, MOMBASA 

PROCESSING CASES STUDIED, 103 NT/YR
 

CRUDE (1) NET DOMESTIC AGO FUEL OIL REFINERYCASE INPUT PRODUCTS (3) IMPORTS EXPORTS (4) FUEL & LOSS 

No Investment 3886(2) 2185 
 295 1560 140
 
1. Merox Unit 
 3886(2) 2417 
 63 1327 141
 
2. L.G.O. HDS 3750 2480 (3) nil 
 1110 160
 
3. T.G.O.
 

'+ L.G.O. HDS (S-R)=-4 

+ Sulphur Pit 3350 2480 (3) nil 
 665 188
 
3A. T.G.O
 

+ L.G.O HDS(S-R + T-C) 

+ Sulphur Pit 
+ H2 Pit (Package) 3150 24830 (3) nil 462 
 191
 

4. Hydrocracker 2750 2480 (3) 
 nil nil 253(6)
 

+ Vac Unit + H2 Pit
 

+ Sulphur Pit
 

+ Power Generation
 

NOTES: 1. 90% wt. Light Arabian, 10% wt. Heavy Arabian
 
2. Max: Refinery crude input oapacity (- 11,600 MT/SD)

3. Meets 1995 Kenya and contiguous market projected demand
 
4. Export F.O. Max Visc: 280 @ 50*C,'S'% wt. - 4.0 (max)

5. Sulphur export of 17.0 XIO NT/YR (Case 3, 3A and 4)
6. Includes 32 X 103 MT/YR loss in hydrogen plant (to CO2). 



TABLE 3.5 - II
 

1995 MATERIAL BALANCES - BY CASE
 

NO INVESTMENT CASE 1 CASE 2 CASE 3 CASE 3A CASE 4 
1995 (4)

DEMANDS 

CRUDE OIL INPUT 3886 3886 3750 3350 3150 2750 

Net Products 

LPG 

Motor Gasolines 

Kerosenes 

Automotive Gas Oil 

Industrial Diesel Oil 

Bitumen 

Fuel Oils (Domestic) 
Sulphur (Element) 

38 

415 

628 

478(1) 

68 

47 

511 
--... 

38 

415 

628 

710(2 ) 

68 

47 

511 

38 

415 

628 

773 

68 

47 

511 

38 

415 

628 

773 

68 

47 

511 
17 

38 

415 

628 

773 

68 

47 

511 
17 

38 

415 

628 

773 

68 

47 

511 
17

38 

415 

628 

773 

68 

47 

511 

Net Total (Domestic) 

Fuel Oil (Export) 

Net Total (For Sale) 

Refinery Fuel Gas 

Refinery Fuel Oil 

2185 

1560 

3745 

83 

58 

2417 

1328 

3745 

83 

58 

2480 

1110 

3590 

80 

80 

2497 

665 

3162 

119 

68 

2497 

462 

2959 

94 

93 

2497 

nil 

2497 

110 

i1 

2480 

Losses (3) -- -- -- 1 4 32 

TOTAL 3886 3886 3750 3350 3150 2750 

NOTES: 1. Import of 295 103 MT/YR of AGO 
2. Import of 63 103 MT/YR of AGO 
3. Theorectcallosses in H2 Plant and Sulphur Recovery, only
4. Projected 1995 demand for Kenya and Contiguous market 



TABLE 3.5 - III 

CASES STUDIED 
CAPALITIES OF PROCESS UNITS 

CALCULATED DESIGN 
MT/SD BPSD MT/SD BPSD 

CASE 1: 
Merox Unit 800 6500 1000 8100 

CASE 2: 

LGO 'DS Unit 2308 16900 2540 18000 

CASE 3: 

T-C Unit 4180 27150 4578 30000 
LGO (3-R) HDS Unit 2125 15550 2376 17100 

Amine (H2 S) Scrubbing - - As required 
Sulphur (Claus) 2 units - - 31.5 (eacn) 

(Production) 

CASE 3A: 

T-C 'Lcit 3767 24500 4143 27000 

LGO (S-R/T-C)14DS Unit 2307 16700 2570 18000 
H 2 Plant (Production) - - 3.0 1.24 NhMSCF/SD 

Amine (H S) Scrubbing - - As required 
Sulphur iClaus) 2 units - - 31.5 (each) 

CASE 4: 

Hydrocracker 2075 13835 2195 15000 
Vacuum Unit 3367 22500 4040 27000 
H2 Plant (Production) 54 65 27 MSCF/SD 
h2 

S Scrubbing (Amine) - - As required 

Sulphur (Claus) 2 units 31.5 (each) 
(Production) 
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studied in mid-1982 by SIPM, see Section 3.3) b!!s been completed.

The No Investment Case is presented to provide a reference point for
 
evaluating the modification options.
 

Since crude throughput in the No Investment Case is up to the
 
refinery maximum (11,600 MT/SD), the existing 800 MT/SD kerosene HDS
 
unit is fully loaded by kerosene and no surplus HDS capacity is
 
available for AGO. Using the design crude slate (90% Arab Light/10%

Arab Heavy) for comparative purposes, the yield of LGO on crude oil
 
is very low (11% wt for Arabian Light crude) since it is strictly
 
limited by the 1% wt max sulfur specification for AGO.
 

Because of the low yield of LGO, 295,000 metric tons per year of AGO
 
have to be imported in the No Investment Case, while the amount of
 
surplus fuel oil for export exceeds million metric tons
1.5 per
 
year. These fuel oil exports are equivalent to 40% wt of the total
 
crude oil processed, and to 71% wt of the net products from the
 
refinery for sale in the domestic market.
 

It is explicitly recognized that this No Investment Case provides an
 
overly pessimistic view of EAOR's operations since the material
 
balance can be substantially improved by running a lighter crude
 
slate, as is the current industry practice.
 

* Case 1
 

In this case, a new Merox unit is provided for treating (but not
 
desulfurizing) part of the kerosene, thereby releasing the existing

Complex II kerosene HDS unit for desulfurizing LGO. The situation
 
is helped by the proposed increase in the sulfur spec for
 
single-grade kerosene to 0.25% wt max, see Section 3.4.3. 
 It should
 
be pointed out, however, that kerosene from some crude oils cannot
 
satisfactorily be made into jet fuel by Merox treating, although
 
this restriction does not apply to the kerosene from the projected

crude oil slate. This should be viewed as a serious limitation on
 
the flexibility of Case 1 since it is unlikely that the crude slate
 
used in this study will be exactly that available to EAOR.
 

As in the No Investment Case, the crude input rate in Case I is at
 
the refinery maximum (11,600 MT/SD), although imports of AGO are
 
reduced from 295,000 MT/yr in the No Investment Case to 63,000 MT/yr
 
reduced. Fuel oil exports in Case 1 are 1.328 million MT/yr,
 
equivalent to 34% wt on crude oil processed and 55% wt on net
 
domestic products, and a reduction of 232,000 tons per year over the
 
No Investment Case.
 

* Case 2
 

This case is similar to Case 1 except that a new HDS unit for
 
straight-run LGO desulfurization is added, thereby releasing the
 
existing Complex II kerosene HDS unit for kerosene treating only.
 
Yield of LGO is no longer limited by the sulfur content of the
 
untreated material and can be increased up to the limits set by the
 
aew ASTM distillation specs for AGO (see Section 3.4.6). Crude oil
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input rate for Case 2 is somewhat below the refinery maximum and it
 
is possible to meet the full Kenya and contiguous market product

demand slate. The hydrogen balance for Case 2 is satisfactory (see
 
Section 3.6.3).
 

The new LGO HDS unit is designed to treat (desulfurize) the full
 
available quantity of LOO (i the order of 2000 
MT/SD). An
 
alternative, somewhat less 
costly system would be to desulfurize
 
only 50% of 
the LGO, and blend this back with the other untreated
 
50% to meet the sulfur specification for AGO.
 

Case 2 represents a relatively cheap way of reducing fuel oil
 
exports quite substantially (by 450,000 tons per year) as compared

with the No Investment Case. Nevertheless, the actual amount of
 
such exports remains at over 1.1 million metric tons per year in
 
1995, equivalent to 30% wt on crude oil and 46% wt on the Kenyan and
 
contiguous market demand. The reduction in fuel oil exports is
 
27.5% compared with the No Investment Case.
 
A new sour water stripper is included in Case 2 to handle the
 

additional contaminated water from the LGO HDS unit.
 

e Case 3
 

This case involves the addition of a straight run (SF) light gas oil
 
HDS unit (as in Case 2), plus a two-stage thermal cracking unit to
 
process long residue. The first stage of the T/C unit is a thermal
 
visbreaker with soaking drum; the second stage is a thermal cracking

unit charging heavy recycle gas oil (650-1000*F). This recycle gas

oil is cracked to extinction. Products are gas, lighc tops, T/C

naphtha (to the existing Platformers via hydrotreating), T/C

kerosene (to the existing kerosene HDS units), T/C light gas oil (to

fuel oil blending) and heavy T/C residue (to fuel oil).
 

As an alternative to the above T/C unit requiring further study, a
 
vacuum distillation unit charging long residue, with thermal
 
cracking of the VGO and visbreaking of the short (vacuum) residue,
 
may be found to have advantages. Investment cost would be
 
relatively unchanged.
 

The T/C LGO is unstable and quite high in sulfur content, and thus
 
is unsuitable for AGO blending unless hydrotreated. In general,

however, there would be insufficient surplus hydrogen available from
 
the existing Platformers for hydrotreating this material (see

Section 3.6.3 for discussion of hydrogen balances), and all the T/C

light gas oil in Case 3 goes into fuel oil. Maximum yield of S/R

LGO is made on the CDUr, at the expense of S/R kerosene. The T/C

kerosene is blended with S/R kerosene and treated in the existing
 
kerosene HDS units. Fuel oil exports are reduced to 665,000
 
MT/year, equivalent to to 20% wt on crude oil processed and a saving

in fuel oil exports of 895,000 tons per year over the No Investment
 
Case.
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An amine scrubbing system to remove 
H2S from fuel gas and two (2)
 
Claus sulfur plants, are provided in Case 3. For details 
see

Section 3.6.4.
 

A sour water stripper is included in 
Case 3 to handle the water,
contaminated with H2S and M3 
from the new units.
 

Case 3A
 

This case is really a modification of Case 3, involving the 
same
 
type of thermal cracking unit. The capacity of the new LGO HDS unit
 
(see Case 3) is increased and the unit is designed to treat both 
he

S/R 
light gas oil and part of the T/C light gas oil. A small
 
package-type Hydrogen Plant provides additional hydrrogen for the new
 
unit. An In-depth study may show that this hydrogen plant is not
 
needed if sufficient hydrogen can be obtained 
by modifying the
 
operating conditions of the existing Platforming units.
 

The HDS-treated T/C light gas oil has a cetane index of about 45 and
 
is blended into AGO. The finished blend will meet proposed AGO

specifications of 50 cetane index 
(min) and 1% wt sulfur content
 
(max).
 

Case 3A shows a further substantial reduction in the quakitity of
 
exported fuel oil, which falls less
to than half a million metric
 
tons per year, a saving of 1,098,000 tons per year over the No
Investment Case, and equivalent to about 
30% of the No Investment
 
Case export and 70% of Case 3. 
The critical product specifications

for Case 3A are the sulfur contents and viscosities of the domestic
 
grades of fuel oil. 
 Fuel oil stability may also be critical. (See

Section 3.6.2 for a discussion of these problems).
 

Substantial amounts of H2S are produced the
in T/C unit and the
LGO HDS unit that would result in significant sulfur release to
 
atmosphere in the refinery flue gas, if the fuel gas 
were burned
 
untreated. For this reason 
H S amine scrubbing of refinery gas

and duplicate sulfur recovery 2 acilities are included in Case 3A
 
(see Section 3.6.4).
 

A sour water 
stripper is included for the same reasons as given
 
under Case 3, above.
 

* Case 4
 

This case involves a Hydrocracker processing S/R heavy vacuum gas

oil derived from the vacuum distillation of the long (atmospheric)

residue from the CDUs. A steam-reforming hydrogen plant capable of
 
charging naphtha is also included (see Section 3.6.3).
 

The modern process of hydrocracking actually adds hydrogen to the
 
products. In this way, yields of up to 80% wt, or more, of middle

distillates (kerosene and light gas oil) may be obtained. The unit
 
proposed for the EAOR refinery is single-stage and designed for
 
maximum middle distillates production. Further study may show
 
advantages for a two-stage unit, however.
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The vacuum unit in Case 4 is designed to cut at 1000* to 1050*F
 
(5380 to 566 0C) true boiling point. For material balance purposes
 
the higher cut temperature has been assumed (yield of short (vacuum)
 
residue equals 40.0% wt on long residue) but the lower cut
 
temperature may be preferable in terms of feed quality to the
 
hydrocracker. Further sLudy would be required to resolve this
 
issue.
 

In Case 4, crude oil input is reduced to 2.750 million metric tons
 
per year (8,208 MT/S73) or ahout 71% of maximum refinery capacity.
 
Export of fuel oil in 1995 is eliminated entirely. Critical
 
specifications are vi scosity and sulfur content of domestic fuel
 
oils (see Section 3.6.2). The basis for the CDU yields in Case 4 is
 
slightly different from the other cases studied (see Section 3.6.1)
 

The steam-reforming Hydrogen Plant in Case 4 will normally run on
 
refinery gas, but is designed to be able to charge naphtha 'light
 
tops) as back-un feedstock. This results in a more expensive design
 
of plant but since the naphtha light- tops is a liquid, it can be
 
stored and hence provides a much sceadier feed supply than would
 
refinery gas alone. On the other hand, the use of light tops
 
exclusively as feed to the hydrogen plant could result in a shortage
 
of Tops for motor gasoline blending.
 

The subject requires further study, and it is probable that the best
 
feed for hydrogen manufacture would be a combination of refinery gas
 
and light tops as back-up. The block flow diagram (Figure 3.5-5)
 
for Case 4 is based on a hydrogen-plant feedstock consisting solely
 
of light tops.
 

Provision is made in Case 4 to scrub H2S from the refinery gases.
 
The H2S is generated primarily by the hydrocracker. Twt sulfur
 
recovery (Claus) plants are provided, each having 60% of required
 
total capacity. As a result, net sulfur release to atmosphere in
 
flue gas is kept reasonably low at all times (see Section 3.6.4)
 

A sour water stripper, larger than the unit included in Cases 3 and
 
3A, is provided to handle the water from the hydrocracker, which is
 
contaminated with HTS and NH3
.
 

Due to the unreliability of purchased power and the critical need
 
for an assured power supply with high pressure hydrocracking, a
 
refinery power plant has been included in this case (see Section
 
3.7.2).
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3.5.4 Block Flow Diagrams
 

Block flow diagrams giving approximate material balances for each Case are
 
presented as Figures 3.5-1 through 3.5-5. Flows are given in metric tons
 
per stream day.
 

The two existing complexes in the EAOR refinery are shown as simple blocks,
 
although the CDUs are shown separately.
 

In Cases 3, 3A and 4, refinery fuel oil is cracked residue (Case 3 and 3A)
 
and short vacuum residue (Case 4). A hot refinery fuel oil circulation
 
system is provided in these cases.
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stream from the CDUs, up to the sulfur-removal limit of the existing 

Complex II (kerosene) HDS unit when treating LGO. Estimated maximum
 

net sulfur removal from LGO in this unit is approximately 7 MT/SD.
 

In Cases 2, 3, and 3A a large new HDS unit is provided specifically for
 

It then becomes possible to include 	 additional amountstreating LGO. 

of HGO in the LGO stream up to the relaxed specification limits for
 

ASTM 90% recovery temperature and end point of AGO (see next 

paragraph).
 

b) Relaxed AGO Specifications. Relaxed ASTM distillation specifications
 

for AGO, (which are expected to be adopted in Kenya in the near
 

future), have been used in the present study (see Sectin 3.4.4.).
 

These new specitications are defined by 90% recovery at 365 C (maximum)
 

and E.P. of 400 C (maximum). Since the initial sulfur content of the
 

S-R LGO (prior to HDS treating) is not limiting in Cases 2, 3 and 3A,
 

the net effect of the relaxed ASTM 	 distillation specifications is to 

increase the yield of S-R LGO substantially (as compared with 1% wt.
 

sulfur, untreated). Flash point of AGO is also to be relaxed.
 

The following data were supplied by 	the EAOR technical staff regarding
 

the effect of the relaxed ASTM distillation specifications on
 

increasing the yield of LGO at the expense of HGO, for three crude
 

oils:
 

LGO HGO HGO HGO to Long 

(1%S) (Total) to LGO Fuel Oil Residue 

(% wt.) (% wt.) (% wt.) (% wt.) (% wt.) 

Crude Oil 

Light Arabian 11.0 14.5 10.8 3.7 46.5
 

Heavy Arabian 11.32 5.7 	 4.7 1.0 57.0
 

- 4.0 37.0
Murban 22.6 

(1) Permitted by relaxed ASTM Distillation specifications
Notes: 

for AGO, neglecting sulfur content.
 

(2) LGO and GO wide-range gas oil.
 

c) 	 Case 4. As shown in Table 3.6-1, the CDU yields for Case 4 are not 

exactly in line with the corresponding yields for Cases 2, 3 and 3A. 

Naphtha yield has been increased by raising the cut point. Kerosene 

yield remains approximately the same but the position in crude of this 

product is shifted higher in boiling range. Finally, the AGO yield is
 
but noreduced, involving some increase in initial boiling point, 

change in end point.
 

The 	 main reason for the above changes is that in Case 4 there is some 

apparent shortage of motor gasoline due partly to use of light tops 

rather than refinery gas as feed to the hydrogen plant; see Figure 

3.5-5. There is a corresponding excess of LGO. As noted above, the 

situation has been taken care of in the material balance by adjusting 
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3.6 TECHNICAL CONSIDERATIONS (PROCESS)
 

This section gives details of various technical aspects of the Cases
 
described in Section 3.5 above as, follows:
 

3.6.1 CDU Yields
 
3.6.2 Fuel Oil Blending
 

3.6.3 Hydrogen Balances and Hydrogen Manufacture
 
3.6.4 Sulfur Release to Atmosphere in Flue Gases
 
3.6.5 Kerosene Treating
 
3.6.6 LGO Hydrotreating
 
3.6.7 Motor Gasoline Blending
 

3.6.1 CDU Yields
 

The CDU yields on the selected crude oil mixture (90% wt. Arabian Light and
 
10% wt. Arabian Heavy, see Section 3.1) for each of the cases considered,
 
are listed in Table 3.6-I. These yields were used in developing the
 
preliminary material balances (see Table 3.5-II and Figures 3.5-1 through
 

3.5-5).
 

a) 	Yields of S-R LGO. The increasing yield of LGO in going from the No
 

Investment Case (11.0% wt.) to Case 1 (15.78% wt.) and then to Cases 2
 

through 3A (21.11% wt.) should be noted, (Case 4 is discussed
 
separately below) in view of the projected rapid escalation in demand
 
for AGO in Kenya and contiguous markets during the next decade. (See
 

Chapter II.) Expressed as a percentage of estimated total domestic
 
petroleum product demand, the projected demand for AGO by years is as
 
follows:
 

Year Demand for AGO*
 
(% wt.)
 

1980 	 23.7.23.7 (Actual)
 
24.3 " 1981 


1985 27.4 (Projected)

30.5 " 1990 

31.3 " 1995 


*As percentdg! of total Kenya and contiguous market demand
 
for all petroleum products.
 

In the No Investment Case, because of the high crude intake (11,600
 
MT/SD) there is no surplus capacity in the existing Complex II kerosene
 
HDS unit to treat LGO. Hence, the CDUs must be operated to make an LGO
 
which untreated has no more than 1.0% wt. of sulfur, the specification
 

for AGO. This restriction severely reduces the permissible yield of
 

LGO on crue oils such as Arabian Light (see Table 3.6-I).
 

In Case 1, a new Merox unit for treating kerosene releases the existing
 

Complex II kerosene HDS unit completely for LGO treating and sulfur
 

reduction. It then becomes possible to include some HGO in the LGO
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TABLE 3.6 - I
 

OPERATION OF CDUs BY CASE
 

Basis: 90% wt. Light Arabian Crude and 10% Heavy Arabian Crude
 

Case No Investment Case 1 Case 2 


Crude MT/SD 11,600 11,600 ii,2,) 

Yields % wt (1) 

(;as 0.63 0.63 0.63 

Butane 0.91 0.91 0.91 

Tops 3.61 3.61 3.61 

Naphtha 8.19 8.19 8.19 

Kerosene 17.89 17.89 17.89 

LGO 11.03 15.78 21.22 

1h60 13.62 8.87 3.43 

Long Resid. 44.12 44.12 44.12 

100.0 100.0 100.0 


(1) 	 Basis KAOR Data, for 90% wt. Arabian Light, 
50/0 MIG/MAK and MAC/MAK operations and Low 

Case 	3 Case 3A Case 4
 

10,000 9, .0) 8,2' 

0.63 0.63 0.63
 

0.91 0.91 0.91 

3.6,L 3.61 3.61 

8.19 8.19 10.875
 

17.89 17.89 17.345
 

21.22 21.22 20.145
 

3.43 3.43 2.365
 

44.12 44.12 44.12
 

100.0 100.0 100.0
 

10% wL. Arabian Heavy Crude, 
Input. 
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to 	the great flexibility of the hydrocracking
the CDU yields. Due 

process, however, there would be little difficulty in making an
 

equivalent correction by adjusting the yields in that unit instead of 

in the CDUs. An alternative case using adjusted hydrocracker yields 

was 	worked out along these lines as follows:
 

As Presented 	 Alternative
 

CDU H-C CDU H-C 
(% wt.) (% wt.)* (% wt.) (% wt.)* 

10.79 15.2
Naphtha 10.875 15.2 

Kerosene 17.348 22.2 15.29 29.2
 

LGO 20.145 54.4 21.22 47.4
 

*Based on total oil feed plus hydrogen feed.
 

The Case 4 CDU yields used in the Alternative Case above follow the 

other cases more closely. Naphtha and kerosene yields are based on a 

50/50 combination of MIG/MAK and MAG/MAK operations, at low intake, for 

the mixed crudes. The LGO yields are for the relaxed ASTM 90% recovery 

temperature and end point (see (b) above) in both cases.
 

3.6.2 Fuel Oil Blending
 

As discussed in Section 3.4.5, it seems likely that the current fuel oil 
and that the fuel oil gradesspecifications in Kenya will soon be relaxed 

The 	material balances and process cases presented in
will be consolidated. 
this study (see section 3.5), as well as the discussion of fuel oil 

blending below, are based on the assumption that the new fuel oil 

have put are mainly tospecifications will been into effect. The changes 

sulfur content and viscosity and it is these specifications that have 

proved critical in developing the material balances for Cases 2, 3a and 4.
 

a) 	Fuel Oil Demand. The projected 1995 demands and corresponding proposed
 

new sulfur and viscosity specifications for the various grades of fuel
 

oil are listed below for convenience. (See also Section 3.4.5.)
 

1995 Maximum Maximum Maximum
 

Viscosity Sulfur Sp:Gravity
 

Fuel Oil Grade (104MT/yr) (Cs @ 50-C) (% wt.)
 

Low-Sulfur Domestic1 25.0 180 2.5 0.99 

Inland-Domestic 291.0 180 3.7 0.99 

Bunkerl-Kenya 195.0 280 4.0 0.99 

Export - 280 4.0 

TOTAL (Domestic) 511.0 

Notes 1. Used for cement plants.
 
2. Quantity variable, depending on processing scheme.
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b) 	Blending Components. Fuel oil is typically a blend of a heavy residual
 

oil (usually above the product specification in regard to sulfur
 

content, viscosity, and often specific gravity), with a distillate oil
 
(usually in the gas oil or kerosene range) known generally as "cutter
 

stock", because it "cuts", or reduces, the viscosity of the blend. I n
 

t'e Cases studied for the EAOR Refinery, the heavy oil components
 
include long residue (No Investment Case and Cases 1 and 2); T-C
 

residue (Cases 3 and 3A); and short or vacuum residue (Case 4). Cutter
 
stocks include S-R, T-C and H-C gas oils, S-R HGO, and, in some cases,
 

S-R and T-C kerosenes. For typical properties of these various oils,
 
as used in the present study, see Table 3.6-II, attached.
 

All fuel oils sold in Kenya and the contiguous markets, as well as the
 

fuel oil for offshore export, must have a specific gravity below 0.99,
 
i.e. the fuel oils must be lighter than water (S.G. = 1.0), so that any
 
water that gets into the fuel oil will sink to the bottom as a separate
 

layer that can be withdrawn.
 

The fuel oil blending situation is most critical for Cases 2, 3A and 4.
 

In these three Cases it is fuel oil specifications and blending
 

requirements which essentially determine the amount of crude oil to be
 
run. In all the Cases, however, running additional crude oil eases the
 
problem of meeting fuel oil specifications.
 

Residual oils used for bitumen manufacture and as refinery fuel oil
 

have been allowed for in the material balances and in the fuel oil
 
blending data presented below.
 

Typical blends of long residue and HGO, as in the No Investment Case or
 

in Cases 1 and 2, are as follows, based on the crude oil mixture being
 
considered (see Section 3.1).
 

Low-S Inland Sulfur Content: % wt.
 
Grade of Fuel Oil Domestic Domestic Low-S Inland
 

(%wt.) (% wt.)
 
Long Residue1 40.0 95.0 3.2 3.2
 
Cutter Stock (HGO) 60.0 5.0 1.8 1.8
 
TOTAL 100.0 100.0 2.4 3.2
 

Specifications
 

e.5 	(max) 3.7 (max)2
 Sulfur, % wt. 


Viscosity, Cs @ 500 180.0 (max) 280.0 (max)
 
1Contains only approximately 6% wt. Arabian Heavy residue due to
 
manufacture of bitumen fr'm Arabian Heavy crude in blocked
 
operation.
 

2Domestic bunkers are fuel oil for export 4.0% wt. (max) and 280 Cs
 
at 500C.
 

II-A-37 	 /t ArthurD.Little, Inc. 



IABLE 3.6 - II 

TYPICAL. PR0i'ERPiES OP FIUL. OIL CO.MPONENTS (1) 

Sulhur Viscos itv Specific Cravitv Notes 
Residual Oils (2) 7 wt. C 0 50 0 C Tnde

L.ong Re.i"ui 	 3.2 3,0 33.0 0.96 No Investment, 1&2 
"-C Ilesidut' 1. 58t1 34.0 0.99 Case 3 3A 
Short Vacuum Residue 4. 3 90,00( 42.4 1.02 Cast: 4 only 

Cutter Stocks (typical) 

S-R I.co (3) 1.5 3.4 12.3 0.84 All 
T-C LGO (3) 2.2 2.6 12.7 0.87 (:ase 3 & 3A 

1-C 1.GO (3) O.s 3.4 12.1 0.84 Case 4 

S-R HCO 1.8 ).8 16.2 0.87 AlL 
S-R Kerosenc 0.2) 1.4 3.8 0.81 All 

T-C Kerosene 0.4 1.1 0.8 0.82 	 Case 3 ¢, 3.\ 

Vacum (G.0. 	 3.0 36.0 25.7 	 0.93.A'1
 

NOTES: 1. 	 Based on processiug 9: wt!Li gh Arabian crudo plus 10/ wt. Heavy Arabian 
and making Bitumen from Arab Heavv Long Residue. 

2. Based on net Long Residue containing 5% wt Arab lHeavv I.,R. wt 95% wL Arab L.ight
3. Full range to relaxed AGO distillation specs, untreated. 



c) 	 Case-by-Case Fuel Oil Blends. The fuel oil blending requirements are
 

discussed briefly below on a Case-by-Case basis.
 

No Investment Case. In 1995 the No Investment Case requires maximum
 
by capacity of existing
crude thoughput to the refinery (as limited 


CDUs). Due primarily to lack of any LGO HDS-treating capacity in the
 

yield on crude of LGO with 1.0% wt. sulfur
existing refinery, the 


content (the current specification for AGO) is quite limited and there
 

remains plenty of wide-range heavy gas oil (HGO) available for blendin6
 

into fuel oil. Thus, when processing the design crude, no problems
 
content or
arise in the No Investment Case in regard to either sulfur 


shown below.
viscosity of any of the fuel oils, as 


Tqtal 3Low-S Domestic igh-S F.O.s
 

(10 MT/yr) (10 MT/yr) Sulfur (10MT/yr) Sulfur
 

(%wt.) (5wt.)
 

3.2 1,561.0 3.2
Long Residue 1,571.0 10.0 

HGO 408.0 15.0 1.8 393.0 1.8 

VGO 31.0 - - 31.0 3.0 
TOTAL 2,010.0 25.0 2.2 1,985.0 2.9 

It will be noted that the High-S fuel oils, which include both domestic
 

and export grades (3.7% and 4.0% wt. sulfur), contain a total of 21.4%
 

blend with long residue, is more than
 wt. of cutter stock which, in 


ample to meet both sulfur and viscosity specifications.
 

existing
two Cases, the only change to the
Cases 1 and 2. In these 

order
refinery has been to add middle-distillate treating capacity in 


In Case 1, a new Merox unit releases the
 to increase the yield of AGO. 


existing kerosene hydrotreater in Complex II for LGO hydrotreating. In
 

HDS 	unit provides sufficient capacity to treat
Case 2, a new gas oil 

to ASTM distillation specification limits),
all 	available S-R LGO (up 


unit is
irrespective of sulfur content. The existing kerosene HDS 


retained for kerosene treating exclusively.
 

both Case 1 and
The effect of the above additions to the refinery in 


(cutter stock)
Case 2, however, is to reduce the amount of gas oil 


available for fuel oil blending. In Case 2 especially, this effect is
 

quite serious and it became necessary to process some additional crude
 

oil in this Case simply in order to provide cutter stock for meeting
 

the fuel oil specifications.
 

The 	following figures apply to Case 2.
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Tot~l F.O. Low-S3Domestic 3Hi~h-S F.0. 
(10'MT/yr) (10-MT/yr) (10-MT/yr) Sulfur 

(% wt.) 

3.2
10.0 1,509.5
Long Residue 1,519.5 

HGO 67.6 15.0 52.6 1.8 

VGO (ex Bitumen Pit) 31.0 - 31.0 3.0 

Kero/AGO (excess) 35.3 - 35.3 0.3 

TOTAL 1,653.4 25.0 1,628.4 3.1 

Viscosity, Cs at 50°C 180 280
 

It will be noted that the projected 1995 requirements (25,000 MT/yr) 
for low-S, low-viscosity domestic fuel oil have been met, and that the 

remainder of the fuel oil production, 70% of which is export fuel oil, 

is just about on specification in regard to viscosity (5% wt. cutter 

stock minimum). Sulfur content is no problem since the long residue 

itself (3.23% wt. sulfur) is already below the specification (3.7% wt. 

sulfur maximum) for domestic fuel oil.
 

Case 1, with the new Merox unit, is rather easier in regard to fuel oil
 

blending and the figures need not be given here.
 

Cases 3 and 3A. In 1995, these Cases require 3,350 and 3,150 10 MT/yr
 

of crude oil, respectively. The fuel-oil quality situation in Case 3A
 

is the tighter of the two, and the crude oil intake had to be increased
 

in this case in order to meet fuel oil specifications. The T-C residue
 

has approximately 3.2% wt. sulfur content in both Cases and requires a
 

to reach 280 Cs viscosity at
migimum of about 10% wt. cutter stock 

50 C. The cutter stock consists largely of excess thermally-cracked
 

gas oil, having about 2.2% wt. sulfur content, as shown below for Case 

3A:
 

Tqtal Low-S .Domest ic ZHigh-S F.00 

(10'MT/yr) (10-MT/yr) (10-MT/yr) Sulfur
 

(% wt.) 

T-C Residue 776.5 5.0 771.5 3.3
 

HGO 47.0 20.0 27.0 1.8
 

T-C LGO 156.6 
 - 156.6 2.2
 

TOTAL 980.1 25.0 955.1 3.1
 

oil (S - 3.1% wt.) may be used as domesticSome of the High-S fuel 
inland fuel oil, specification 3.7% wt. S (maximum), leaving the rest 

of the fuel oil at well below 4.0% sulfur for domestic bunkers and 

export. Viscosity is satisfactory in all cases.
 

In both Cases, T-C residue is used as refinery fuel oil and a heated
 

distribution system is provided. 
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Case 4. In 1995, ,ase 4 requires 2,750 103 MT per year of crude oil
 
oil blending components
intake. No surplus fuel oil is made. Fuel 

consist primarily of short (vacuum) residue (S content = 4.3% wt.), 
surplus H-C gas oil and kerosene with verysurplus S-R gas oil and some 


low sulfur content of 0.3% wt., plus some VGO ex the bitumen plant and
 

some surplus S-R HGO. The short residue requires 30 to 35% wt. of
 

cutter stock to reach viscosity of 280 Cs at 50 C, depending on cut 

point in the vacuum unit.
 

It is assumed that short residue alone, with little or no cutter stock
 

added, will be burned as fuel oil in thp refinery. A heated refinery
 

fuel-oil distribution system has been included for this purpose.
 

The blends below refer to net fuel oil for sale, after making allowance
 
for refinery fuel oil. The relative amounts of H-C LGO and H-C
 

kerosene can be controlled within limits by adjusting the corresponding
 

yields on the hydrocracker.
 

Tot~l F.O. LowS F.O. AHigh-S F.O.
 

(10 MT/yr) (10-MT/yr) (10-MT/yr) Sulfur
 

(% wt.) 

Short Residue 341.0 14.0 327.0 4.3 

LGO/Kerosene 135.2 11.0 124.2 0.3* 

VGO (ex Bitumen Plant) 31.1 - 31.1 3.0 

S-R HGO 2.7 - 2.7 1.8 

TOTAL 511.0 25.0 486.0 3. 

Viscosity, Cs @ 50°C 180 280
 

*Ex Hydrocracker.
 

It would appear from the above that the fuel oil in Case 4 will meet
 

the domestic market specifications for both sulfur content and
 

viscosity. Viscosity Is tight, however. It should be noted that the
 

residue shown as being burned as refinery fuel (231
quantity of short 

MT/SD, see Figure 3.5-5) is actually a minimum figure since no refinery
 

fuel gas is shown as being charged to the Hydrogen Plant. In practice,
 

refinery gas will probably be the principal feedstock for hydrogen
 

manufacture. To make up for this diversion of refinery gas, additional
 

short residue (refinery fuel oil) will have to be burned in the
 

refinery, thus reducing the amount of short residue in the net fuel oil
 

pool, while increasing the amount of cutter stock in this pool by a
 

corresponding amount.
 

Conclusion. It may be concluded that fuel oils will meet specifications
 

for sulfur content and viscosity in all Cases. Cases 2, 3A and 4 are
 

somewhat tight, however, and further, more preclse calculations would be
 

qualities have been finalized. The
desirable when yields and product 

possibility of fuel-oil stability problems also requires study. Case 4 in
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particular could be troublesome due to the very high viscosity and high
 

sulfur content of the short (vacuum) residue.
 

In every case the fuel oil blending situation can be ameliorated by running
 

slightly more crude oil, albeit at the cost of making additional fuel ,"L1
 

for export.
 

3.6.3 Hydrogen Balances and Hydrogen Manufacture
 

In all the Cases considered in this study, hydrogen is used a) for
 

hydro-desulfurization of naphtha (feed to Platforming), and b) for HDS
 

treatment of middle distillates to reduce sulfur content, improve odor, and
 

enhance stability. Hydrogen is obtained as a by-product of naphtha
 

reforming (Platforming). However, since this hydrogen from platforming is
 

a by-product, the supply is strictly limited, firstly by the quantity and
 
quality of the naphtha being reformed, and secondly by tLe reforming
 

severity (i.e. by the octane number of the reformate product). When al)
 

the hydrogen available is a by-product of Platforming, as in the No
 

Investment Case and in Cases 1, 2 and 3, a balance of hydrogen supply
 

versus hydrogen demand has been calculated. These balances are presented
 

below.
 

In Cases 3A and 4, there is, in addition to Platforming, a secondary supply
 

of hydrogen from a separate Hydrogen Plant which is independent of other
 

refinery operations. In these Cases, therefore, the hydrogen supply is
 

essentially unlimited and it is not necessary to make a hydrogen balance.
 

Hydrogen manufacture in these Cases is discussed briefly below.
 

No Investment Case. In this Case, only S-R naphtha and S-R kerosene are
 

hydrotreated. This is typical of the current operation of the EAOR 

refinery. Figures presented below shnw that No Investment Case hydrogen 

demand in 1995 is only about 24% of production. 

gate Hydrogen Hydrogen
 
(10 MT/yr) (% wt.) (10MT/yr)
 

Production
 
S-R Naphtha Reforming 345.0 1.33 4.60
 

Consumption
 
S-R Naphtha HDS 345.0 0.094 0.33
 
S-R Kerosene HDS 628.0 0.120 0.75
 

TOTAL 973.0 (0.111) 1.08
 

H2 utilization - 1.08/4.60 = 24%
 

Case 1. In this Case, some but not all of the total S-R LGO is HDS treated
 
to remove sulfur. Hydrogen consumption is 31% of production.
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Production
 
S-R Naphtha Reforming 


Consumption
 
S-R Naphtha HDS 

S-R Kerosene HDS 

S-R LGO HDS 


TOTAL 


Itate Hydrogen Hy~rogen 
(10 MT/yr) (% wt.) (10MT/yr) 

345.0 1.330 4.60 

345.0 0.094 0.33 
628.0 0.120 0.75 
170.0 0.185 0.33 

1,143.0 (0.124) 1.41 

112 utilization - 1.41/4.60 - 31%
 

Case 2. In this Case, substantial quantities of full-range LGO (up to the
 
limit of the relaxed ASIM distillation specifications for AGO, see Section
 
3.4.6) are hydrotreated. 
utilization is up to 55%.
 

Production
 
S-R Naphtha Reforming 


Consumption
 
S-R Naphtha HDS 

S-R Kerosene HDS 

S-R LGO HDS 


TOTAL 


H2 utilization = 

Case 3. This Case resembles 


Hydrogen balance is tighter and hydrogen 

ate Hydrogen Hv4romen 
(10 MT/yr) (% wt.) (IOMT/yr) 

345.0 1.33 4.60 

345.0 0.094 0.33
 
628.0 0.120 0.75
 
773.0 0.185 1.43
 

1,846.0 (0.136) 2.51
 

2.51/4.60 = 55%
 

Case 2 in regard to hydrogen balance except
 
that some T-C kerosene has to be hydrotreated along with the S-R kerosene,
 
thereby increasing hydrogen consumption.
 

Case 3 has the "tightest" hydrogen balance of all the Cases considered and
 
hydrogen utilization is up to 64%.
 

Production
 
S-R Naphtha Reforming 

T-C Naphtha Reforming 


TOTAL 


Consumption
 
S-R Naphtha - HDS 

T-C Naphtha - HDS 

S-R Kerosene - HDS 

T-C Kerosene - HDS 

S-R LGO - HDS 


TOTAL 


H2 Utilization 

gate Hydrogen HX~rogen
 
(10 MT/yr) (% wt.) (10-MT/yr)
 

274.4 1.330 3.680
 
78.6 1i.00 0.860
 

353.0 (1.280) 4.540
 

274.4 0.094 0.258
 
78.4 0.200 0.158
 

599.3 0.120 0.720
 
81.2 0.426 0.345
 

773.0 0.185 1.430
 
1,806.3 (0.161) 2.
 

2.901/4.54 - 64%
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Case 3A. In this Case a package steam reforming H2 plant is provided, 

charging refinery gas (for discussion of steam reforming, see Case 4,
 
below) . 

As discussed elsewhere in this study, the need for the small H Plant in 

Case 3A is not fully determined at this time. Without this Plan?, however, 

the estimated hydrogen utilization for Case 3A is over 80%, which is 

considered to be high.
 

An alternative solution which should be studied is to modify the exist.'ng 
EAOR Platformers to increase hydrogen production. Methods available 
include low-pressure operation with bi-metallic catalyst in the Complex I 
Platformer, increased reforming severity, etc. The cost of the package H2 
Plant (included in the estimate for Case 3A) might largely offset the cost 

of such modifications, if thi.3 route is followed. 

Case 4. In this Case, and also in Case 3A, hydrogen is manufactured by the
 

steam-reforming process in which hydrocarbons reract catalytically at very 
0


high temperatures with excess steam. The resulting mixture of H2 , CO, H9 ,
 

and CO2 (with a small amount of CH ) is then proce'iTed in a so-called shilt 

reactor to produce H2 , C02 , and H2 6 (with a small amiount of CO) from which 
the H 0 is condensed as water and thie r 2 is scrubbed out with solvent such 
as amine solution, leaving hydrogen of well over 90% purity. 

The Hydrogen Plant in Case 4 is designed to charge naphtha and light tops 
as well as refinery gas. This results in a more expensive plant than one 
designed to feed refinery gas only, but since naphtha and light tops are 
liquids that can be sto.ed, a much steadier feed supply is available than 

when charging refinery gas alone. On the other hand, the use of light tops
 

exclusively as feed to the hydrogen plant could result in a shortage of
 

tops for motor gasoline blending (see Figure 3.5-5). By charging some
 

refinery gas, tops is released to motor gasoline and less naphtha must be 

converted to platformate.
 

Refinery gas is also less valuable than light tops or naphtha and hence is
 
manufacture.more attractive, on economic grounds, as the feed to hydrogen 

On the other hand, the supply of refinery gas in Case 4 is limited and
 

certain fired heaters such as the Hydrogen Plant heater and the 

Hydrocracker heater require sulfur-free gas as fuel and cannot use fuel 

oil. The whole subject needs further study and it is probable that the 

best feed for hydrogen manufacture would be a combination of tops or 
naphtha (as stand-by) and refinery gas as main feed. LPG could also be 

used as stand-by feed as It is stored as a liquid. The block flow diagram 
anfor Case 4, presented elsewnere in this study as Figure 3.5-5, is based 

a Hydrogen Plant feedstock consisting solely of light tops. (See also 

Motor Gasoline Blending, Section 3.6.7 below.)
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3.6.4 Sulfur Release to Atmosphere
 

On the assumption that a mixture of 90% wt. Arabian Light crude and 10% wt.
 
Arabian Heavy crude is prncessed (see Section 3.4 above), approximate
 

estimates have been made of the amounts of sulfur released to atmosphere as
 

for the various Cases. These estimates are
SO in refinery flue gases 

prisented in Table 3.6-11 attached.
 

Separate figures are shown for refinery fuel oil and for refinery fuel gas.
 
for Cases 1 and 2 (none of which employs
For the No Investment Case and 


heavy oil conversion), the total emission rate rises from 13.4 MT/SD of
 

sulfur as SO to 22.7 MT/SD, the increase being caused by HDS treating of
 

wide-range LdO in Case 2. Hydrogen utilization goes up from 24% in the
 

No Investment Case to 55% in Case 2 (see Section 3.6.3, above).
 

In Cases 3 and 3A, which employ thermal cracking, estimated sulfur
 

emissions increase to 63.5 MT/SD for Case 3 and 65.0 MT/SD for Case 3A if
 

no sulfur recovery facilties 3re included. The increase over Cases 1 and 2
 

is due to the conversion of some 30% of the total sulfur in the
 

long-residue feed to the T-C unit, into H S which appears in the refinery
 

fuel gas. It seems probable that local regulations on environmental
 

control would force the installation of amine sc-ubbing and sulfur recovery
 

were have
facilities if either Case 3 or 3A selected. Such facilities 


therefore been included in both Cases.
 

In Case 4 the net sulfur emission to atmosphere is reasonably low because 

amine scrubbing and sulfur manufacture have been included to remove the H S 

produced by the Hydrocracker. The sulfur emission from combustion 9f 

liquid refinery fuel oil is higher in Case 4 than in the other Cases, 

however, due a) to the use of additional refinery fuel oil as required to 

generate power in the refinery and to make up for any refinery gas used for 

hydrogen manufacture, and b) to using high-sulfur (4.3% wt.) short residue 

as refinery fuel oil (possibly cut back slightly with gas oil to reduce 

viscosity). A special hot refinery fuel oil circulation system is provided 

for handling this material. 

3.6.5 Kerosene Treating
 

The kerosene HDS treating facilities in the existing EAOR Refinery, consist
 

of the following:
 

Kerosene
 
HDS Capacity
 

(MT/SD)
 

Complex I - Naphtha/Kerosene HDS Unit 1,100'
 

Complex II - Kerosene HDS Unit 800
 

TOTAL 1,900
 

*Assumed a, 50% of total "mixed" capacity of 2,200 MT/SD
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1,\LE.I. 3 6, - 11 

SULPHUR RELEASE To tTMOSPHERE IN FLUE GAS 

-_ 	 SULPHUR, MT/SD 
Removed Treated To Atmosphere
 

Oijl :uel z.-isFut1 As ! ,as I..:. 

No Investment Case 1.4 6.0' 13.4 

Cds,, 	 7..Xe 7.2 .... 15.0 

CaS., 2 7.7 15.0 .... 22.7 

Casp- 3 	 51.3 ( 3 )  6.3 27.0 5.7 12.2 

Case 3A 9.4 56.0 50.4( 3) 5.6 15.0 

> Case 4 1%.0 2 59.0 53.1(3) 23.9 

0% 

NOTES: I. Assumed that 90Z of total sulphur ini fuel gas is scrubbed ouL with 
Amine. Certain existing fuel g:s -trean s may not be scrubbod. 

High figure is due(a) usin-: more fuel oil (to make power), and (b) using 

high-suil-hur ;h.-rt. (vacuum) reqsiduv as refinery fuel (:;ce SecLion 3. '-.2) 

3. 	 A.".ine ('iFA) circulat i0,1 530 !S Ci: (I;- siaLnW.)1with .,,o (2) su iph.ir i...t. 
each 31.-.&MT/SD production (60 car,'. 



636.2 103
 
This total capacity of approximately 1,900 

MT/SD is equivalent to 


!4T~yr, while the 1995 projected demand for kerosene (single-grade) is 628.0
 

10 MT/yr (see Section 3.2). It is apparent that the existing kerosene 
creating capacity may be "tight" in all Cases (except Case 4, see below),
 

based on the 1995 projected demand for this product.
 

In Case 4, the H-C kerosenE is already "treated" and desulfurized as it
 

leaves the Hydrocracker, and hence does not require any further treating. 
The total S-R kerosene in Case 4 is only 420.5 10 MT/yr, or 1,255 MT/SD, 

and this quantity can be handled readily by the existing 1,900 MT/SD of 

kerosene treating capacity (see above). 

The situation is the worst in Cases 3 and 3A. For example, in Case 3A sone
 

226 MT/SD of T-C kerosene must be treated in the existing 800 MT/S[, S-R 
kerosene HDS unit in Complex II. This is equivalent to 28% on total charge
 

and there is some doubt as to w.'Vher the unit could handle the full rated
 

input of a feed containing this <-,oportion of thermally-cracked material.
 
Further study is requized. A poisible solution would be to include a new
 

Merox unit in Cases 3 and 3A to h,-dle S-R kerosene. Alterratively, Case 1
 
(Merox unit) could be installed as the final step in a phased installation
 

of Case 3 or 3A.
 

In the 1981 SIPM study for the EAO? Refinery, which also involved a
 

long-residue thermal cracking unit, there is provision for a new 2,500 
MT/SD HDS unit for treating mixed S-R and T-C kerosenes. In addition, the
 

existing Complex I kerosene-minus HDS unit is taken out of service and a 
new naphtha lIDS unit of 1,350 MT/SD is provided. In the SIPM study, 

however, kerosene demand was projected to be higher than in the present 

study.
 

Another way around the problem is to provide a "cushion" of say 10% or 200 

MT/SD, of additional kerosene treating capacity in the new treating units,
 
to treat kerosene in blocked operation where necessary, as follows:
 

Case I - New Merox unit of 1000 MT/SD capacity, i.e. 800
 
(existing kerosene HDS unit) + 200 (cushion).
 

Case 2 - New LGO HDS unit, with 200 MT/SD of additional
 
(kerosene) treating capacity.
 

Case 3 - As per Case 2.
 
Case 3A - As per Cases 2 and 3.
 

Case 4 - No additional kerosene treating capacity required (see
 

above).
 

3.6.6 LGO Hydrotreating
 

The situation in regard to LGO HDS treating in the various Cases can be 

summarized as follows:
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LGO Treating Untreated LGO
 

Capacity Sulfur Content
 
(MT/SD) (% wt.)
 

No Investment Case (nil) 1.00
 

Case 1 5005 1.402
 
Case 2 2,3085 1.552
 

Case 3 2,3085 1.552
 
Cast 3A 2,3084 1.702
 
Case 4 170 1.55
 

Notes: 1. Full LGO capacity of existing Complex II kerosene HDS unit.
 

2. 	Full-range S-R LGO (to relaxed AGO Specs).
 

3. 	Mixture of T-C LGO and S-R LGO.
 
4. 	Surplus capacity (approx) in Comple II kerosene HDS
 

Unit, available for S-R LGO treating.
 

5. 	Projected 1995 demand for AGO. Design unit capacity varies
 
from 2,376 to 2,570 MT/SD of LGO, depending on Case.
 

In Cases 2, 3 and 3A, a new LGO HDS unit is included and there is no
 

difficulty in meeting the sulfur specification (1% wt. max) on AGO.
 

In Case 4, no new LGO HDS capapcity is provided and the full range S-R LGO
 

(S = 1.55% wt.) is blended with H-C LGO (S = 0.3% wt.) to meet the AGO
 

specification of 1.0% wt. S (max). Such a blend, however, uses up almost
 

all the HC LGO available, as shown below.
 

LGO Cutter
 

Sulfur Total to AGO to F.O.
 
(% wt.) (MT/SD) (MT/SD) (MT/SD)
 

S-R LGO (untreated) 1.55 1,653 1,267 386
 
H-C LGO 0.30 1,055 1,040 15
 

TOT&L 2,708 2,307 401
 

Sulfur Content, % wt. 	 1.0 1.50
 

As discussed in Section 3.6.2 (Case 4) above, there is no problem with 
domestic fuel oil sulfur content (specification = 3.7% wt. max, local 

stock. Moreover, bybunkers 4.0% max) whea using the above cutter 


utilizing the surplus LGO treating capacity (170 MT/SD) available in the
 

Complex II Kerosene HDS unit in Case 4 (see above), the sulfur content of
 

the cutter stock can be reduced to about 0.7% wt., thereby providing a
 

valuable "cushion". No new LGO HDS capacity appears to be needed in Case
 

4.
 

3.6.7 Motor Gasoline Blending
 

In all the Cases, the wotor gasoline pool consists of butane (LPG), tops
 
and platformate, with T.E.L. added as required to raise the octane number.
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Typical gasoline pool blends for each of the Cases are shown in Table
 

are taken directly from the block flow diagrams, Figures
3.6-IV. The data 


3.5-1 through 3.5-5.
 

It will be noted that, with the exception of Case 4 which is discussed
 

below, the typical motor gasoline pool composition is as follows:
 

%MT/SD 

Butane 1.1 13 

Tops 
Pla formate 

34.0 
64.9 

420 
806 

TOTAL 100.0 1,239 

blend' will, in general, meet the current motor gasoline
The above 

specifications for volatility, vapor pressure, etc., (see Section 3.4.2).
 

No attempt has been made in the present preliminary study to develop
 

individual motor gasoline blends (i.e. premium, regular, point-of-sale
 
volatilities, etc.) in greater detail.
 

Naphtha input to the (existing) Platformers is in the order of 1,010 MT/SD 

in all Cases except Case 4. This naphtha input is well within the combined 

capacity of these units. Again, it should be stresced that no attempt has 

been made, in this preliminary study, to optimize existing Platformer 

operation, i.e. type of catalyst, conversion, product octane numbers, etc.
 

other than to determine that the yields used appear to be r&aasonable.
 

Clse 4. As shown in Table 3.6-111, the motor gasoline pool in Case 4 is
 

to the point where the motor gasoline
deficient in tops, possibly 

volatility specifications could not be met. The amount of platformate is
 

up to 997 MT/SD and naphtha input to the Platformers is approximately 1,245
 

MT/SD.
 

The reason for the shortage of tops in the motor gasoline pool in Case 4 is
 

that in the block flow diagram (Figure 3.5-5), tops is shown as the total
 

feed to the Hydrogen Plant. As discussed elsewhere (Section 3.6.3), the 

type of Hydrogen Plant selected 	for Case 4 is designed to be able to run on
 

tops or naphtha (if desired) as well as on refinery gas. This type of 
gives greater
plant is more costly than a plant using gas feed only but 


flexibility by enabling some naphtha (stand-by feed) to bb changed to
 

hydrogen manufacture rather than to Platforming and vice versa, thereby
 

controlling gasoline quality and also providing a reliable liquid feed 
to
 

the Hydrogen Plant in case of refinery upsets.
 

For example, if the tops feed 	to the H2 plant (see Figure 3.5-5) were
 

the motor gasoline pool in Case 4 would
replaced entirely by naphtha, 

become approximately as follows:
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IABLE 3.6 - IV 

IOTOR ;ASOLI Nr Bi.INI)INC 

CASE 	 I CASE 2 CASE 3 CASE 3A CASE 4 

Mt/SD 7 wt MT/SD Z wt MT/SD % wL MT/SD % wt M'/SI) % wt 

Butane 	 16 1.3 12 1.0 13 1.0 i3 1.0 1.0 

Tops 	 420 33.9 1'5 32.7 4 31.8 441 25. 5 229 18.') 

Platformate 803 64.8 822 6.3 832. 67.2 7h_5 36.4 99-7 80.5 

TOfAL 1239 10O.O 1239 I00.0 1239 100.0 1239 100.0 1239 I00.0
 

PLATR'ME!: FEED 

S.R. 	Naphtha 1000 100.0 1020 100.o 797 7b.6 762 77.8 89.2 71.6
 

T.C. 	Naphtha 0 0 0 () 253 23.4 218 22.2 0 ) 

H.C. 	Naphtha 0 0 
 0 0 0 0 0 0 3*3 28.4
 

1000 100.0 1020 100.0 1040 j
100.0 980 100.0 1245( 1(,.)
 

(1) 	If naphtha replaces tops as Hydrogen plant feed, platformer teed
 
drops to 1061 nT/SD.
 

C,•
 



Feed to H2 Plant Tops Naphtha
MT/SD % wr_._T/ D Z 14t 

Butane 13 1.1 13 1.1 

Tops 229 13.5 377 30.4 

Platformate 997 81.4 849 68.5 

TOTAL 1,239 100.0 1,239 100.0 

The above motor gasoline pool blend based on 100% naphtha feed to the H 

plant, corresponds quite closely with the corresponding blends for Cases
 

through 3A. This operation, i.e., charging naphtha to H2 plant, would also
 

reduce the total naphtha input to the existing Platformers to the more
 

favorable figure of 1,061 MT/SD.
 

The question of the optimum feed to the H2 plant in Case 4 and the
 
further study. In
corresponding operation of the Platformers requires 


general, refinery gas is the preferred feed to hydrogen manufacture (see 

Section 3.6.3.) and the amount of naphtha changed to Platforming should be
 

determined primarily by motor gasoline blending requirements.
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3.7 OFFSITES. UTILITIES AND TANKAGE
 

The term "offsites" is often used to refer to everything in the refinery 
other than the actual process units within battery limits. For convenience
 

in the present study, however, utilities, tankage and plot plan which are 
all really part of offsites, have been considered under separate headings 
as follows: 

3.7.1 Offsites
 
3.7.2 Utilities
 
3.7.3 Tankage
 

3.7.4 Plot Plan
 

In the early stages of any refinery project, the detailed definition of the
 

offsites, including utilities and tankage, is usually considerably more
 

difficult than the corresponding definition of the process units. Local
 

factors are often very important in regard to offsites and the details can
 
only be developed as part of a comprehensive engineering review. Thus, the
 

offsite data presented below for the EAOR refinery should be considered as
 

only preliminary and approximate at the present time.
 

The proposed general layout of the new process units, utilities, tankage, 
and other facilities for each of the Cases is discussed briefly in Section
 
3.7.4 below, "Plot Plan."
 

3.7.1 Offsites
 

Since no increase in the present FAOR crude distillation capacity is
 

envisaged in any of the Cases considered, the existing crude oil receiving
 

facilities (docks and pipelines) do not need to be expanded. (Crude oil
 

tankage is discussed in Section 3.7.3 below.)
 

Finished-product delivery from the refinery is almost entirely by pipeline
 

to marketers' tank farms located at the refinery and at Shimanti. No
 

increase in capacity of the existing product handling system appears to be
 

necessary in any of the Cases. (Product tankage, however, is discussed in
 

Section 3.7.3 and it is concluded that some additional product tankage is
 

required in all Cases.)
 

The need for additional offsite facilities varies by Case. In Cases 1 and
 

2 where only a single new process unit is being added to the refinery, no 
increase is required in office space, machine shops, warehouses, fire

fighting, etc. or in offsite systems such as drainage and oily-water 
separator capacity. In addition, no new utility plants are required (see 

Section 3.7.2 below). Inter-connecting piping and some expansion of the 

existitg control room are about the only additional offsites required in 

these two Cases.
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In Cases 3 and 3A (thermal cracking), and to an even greater extent in Case
 
4 (hydrocracking), a very considerable expansion of offsites will be
 
required, including additional utilities (see Section 3.7.2) and additional
 
tankage (see Section 3.7.3). These Cases also require a substantial
 
increase in plot area for the new plants (see Section 3.7.4). This
 

add to the overall drainage load and will require expansion
increase will 

of the oily-water separators and associated equipment, including
 
fire-fighting and other auxiliary services.
 

Cases 3, 3A and 4 will each require a new bunker-type (explosion-resistant)
 
control room to be located well away from the existing control room (see
 
Plot Plan, Section 3.7.4, below). Machine shops, welding shops, warehouses
 

and other maintenance facilities will need to be expanded. A new
 
high-elevation stack, one or more new flare systems (especially in Case 4),
 

and a new high-pressure blow-down system will all be needed.
 

On the operation and control side, additional office and shop space will be
 

needed for an enlarged instrument group, enlarged inspection staff
 
(especially in Case 4), and an enlarged technical services group.
 
Laboratory and testing facilities will also need to be expanded. In Case
 
4, hydrocracking, the total number of operators and technicians will
 

increase significantly (see Operating Costs, elsewhere in Chapter III), and
 
auxiliary services such as cafeteria, recreation, first aid, etc. will have
 

to be enlarged accordingly. Inter-connecting piping will be a big item due
 

to increased processing complexity, especially in Case 4.
 

Finally, and very important, especially in Case 4, hydrocracking,
 
additional training for operators, instrument and maintenance engineers,
 

and inspectors would have to be instituted well before start-up of the new
 
plant. It is strongly recommended that if Case 4 is selected, the present
 
valuable scheme for training key operators and others in refineries outside
 

Kenya, should be continued and enlarged in scope.
 

3.7.2 Utilities
 

The existing utility plants at the EAOR Refinery are summarized in Table
 
3.7-1. All electric power is purchased.
 

The estimated additional utility requirements for each of the Cases
 
considered in this study, are listed in Table 3.7-11. The suggested
 
capacities for additional new utility generating plant for each of the
 

Cases, are given in Table 3.7-111.
 

(a) Power Supply. The EAOR Refinery depends entirely on outside electric
 
power which is purchased from the East Africa Lighting and Power
 

Company. Power is generated at the Mombasa power station (capacity 60
 

MW), and there is a 25-MW line from the hydro-electric grid in Nairobi,
 
about 300 miles away (see below). Average refinery load is 4 to 5 MW
 

and maximum approximately 7 MW. As showi in Table 3.7-1, there are
 

three 5-MVA transformers supplying the refinery.
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TABLE 3.7 - I 

EXISTING LITiI.I7Y UNITS 

1. 	 Electricity All purchased from National grid (East Africa Power and 
Lighting Co Ltd.), via rwo parallel 33-KV overhead lines. There are
 
three5-MVA step-down transformers feeding Into a 6.6 KV intake SWitch
board. Refinery demand depends on thruput, max. use is 7.5 - 8.0 MVA. 

2. 	Steam. Generated at 18 kg/cm2 (260 psig) and 350C (665*F) in 5 boilers. 
Consumption is approx 35 MT/hr. 

Boiler 	 Capacity (I ) , MT/hr. 

Fired - F-2701 22
 
Fired F-2702 22
 
Fired F-2703 IF
 
Waste Heat II 15
 
Waste Heat I (2) 	 17 

TOTAL 	 94
 

NOTES: (I) MCR = Maximum Continuous Rating 
(2) Has provision for gas firing (8 burners)
 

3. 	 Cooling Water. One cooling tower with 3 ';ectluiis, each with three 
CW pumps (2 steam, 1 electric drive) cacti of capacity 938 m3 /hr (4000gpm 
and head of 58 m (190 ft). Make-up In 150-200 MT/$D, 27-37 gpm ). 

4. 	Water Treatmont. rwo trains each with capacity 40 MTf/hr (175 gpm) de
mineralized w'iter (BF;4). 

5. 	 Compressed A!r. Three instrument air compressors, (I elect 2 steam 

driven), each with capacity of 922 m3/hr (500 SCF) at 4.5 kg/cm9 

(65 psig). Normally onJ one machine Is Jn operatlon. 

Process air is supplied, as required by mohle compressors. Separate 

air compressor at Bitumev Plant. 

6. 	 Inert Gas. N,ne. Nitrogen suppliLel as required by East \frican Oxygen 
Company Ltd.
 

7. 	Refinery Fuel. Fuel gas, 1.36% wt. on crude; Fuel oil, 1.31% wt on 
crude.(1980 datai, 
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TABLE 3.7 - IA
 

ADDITIONAL UTILITY CONSUMPTIONS
 
CASES 1., 2 AND 3
 

IMPORTED 
FTEL POWER STEAM (4) 

10b BTJ/hr KW 10-lbs/hr 

CASE I
 

100 20
Merox Unit 


CASE 2
 

LGO HIDS Unit 50 700 -10 


CASE 3
 

T-C Unit 440 2750 (1) -180 


LGO (S-R) HDS UniL 50 700 (1) - 10 


Amine Scrubbing -- 90 25 


Sulpki r Plant (2 units) 15 200 +10 


Sub tota_1 505 3740 -155 


Cooling Tower (2000 gpm) (4)-_ 200 ......
 

Water Treating -- 60 ...--.
 

505 4000 --155
TOTAL 

11.5M'T/hr 

NOTES: (1) Max use of air cooling
 
(2) See Note 1. CW used for pumps, compressors etc.
 

(3) Additional cooling tower required in Case 3.
 

(4) No additional bolier capacity required in any of these cases.
 

3 

10 


BF C.W
 
1-./hr ?!pM 

15 100
 

230 300 (2)
 

15 100 (2)
 

-- 270
 

-- 800
 

245 1470
 

245 1470 (4)
 



TABLE 3.7 - IIB 

ADDITIONAL UTILITY CONSUMPTIONS 
CASE 3A 

PURCHASED 
UNIT FUEL POWER STEAM (3) BFW C.W 

1(6 BTU/hr KW 103 lbs/hr 103 lbs/hr 

T-C Unit 400 2500 (1) -10-S 210 300 (2) 

LCO HDS Unit 80 1200 (1) - 20 30 120 (2) 

H2 Plant (Package) 15 50 - 2 3 

Amine Scrubbing -- 100 + 30 -- 300 

Sulphur Plant (2 units) 15 200 + 10 -- 800 

Sub total 510 4050 -147 243 1570 

Cooling Tower -- 200 -- -- --

Water Treating -- 60 -- --

TOTAL 510 4310 -147 243 1570
 

NOTES: (1) Ma:imum use of air cooling
 
(2) See Note 1, CW used for pumps, compressors etc.
 
(3) No additional boiler capacity required.
 

50 



--

TABLE 3.7 - IIC 

ADDITIONAL UTILITY CONSLWhPTIONS
 
CASE 4
 

UNIT FUEL POWER STEAM BFW C.W. 

10 BTU/hr W 10 3 b.nr LO3bshr gp 

Hydrocracker 57 4200 (1) -165 25 100
 

Vacuum Unit 110 1100 (2) 432.0 -- 2200 (2)
 

Hydrogen Plant 235 850 (1) -28.0 113 100
 

Amine Scrubbing 35 100 +125 -- 800
 

Sulphur Plants (2 units)(4) 25 235 +30.0 -- 300 (3)
 

Sub total 	 427 6485 +30.0 138 3500
 

Power Generation (9 MVA) 115 600 100.0 125 2000 (3) 

Cooling Tower (6000 gpm) -- 400 -- --

Water Treating 	 -- 60 ----

TOTAL 	 542 7545 130.0 :53 5500
 

= 13 MT/hr
 

NOTES: (1) Basis maximum air cooling
 
(2) Basis 50% water cooling 	(overhead system)
 
(3) Water cooling
 
(4) Claus units with SCOT tail gas unit
 



-- 

-- 

-- 

TABI.E 3.7 - TIT
 

NEW UTIiTY CAP'ACITI'S - BY C.I ES
 

NOTE: Cases 1 and 2 do not require any additional utility
 

f,'neration pla1L. 

CASE 3
 

Water Treating (BFW), 'T[/hr 
Power (purchased), transformer, 

Steam Boilers, N/hr 
C.W. system (incl. C.W.tUxer), 
Ref: F.O. Distrib. system (heated)MT/hr 
Instrument Air, !;CFM 

CASE 	3A
 

Water treating (EFW), MT/hr 

Power (purchased), transformer, etc. 


Steam Boiler, NT/hr 

C.W. System (incl. C.W. tower), 

Ref: F. 0. Distrib. system (heated), MT/hr 
Instrument Air, SCI1 

CASE 	4
 

Water treating (BFW), MT/hr 


Power (purchasud) 


ADDITIONAL CAPACITY REQUIRED
 

CALCULATED (1) 


110 

4 MW 


- 70 

1470 

11.5 	(3) 


110 

4.31 MW 

- 67 

1570 

12.0 	(3) 

115 


Steam Boiler (Part of Power Generation) MT/hr 60 

Power Generation (4) 7.55 MW 

C.W. System, incl. C.W. Tower, 5500 

Ref: F.O. Distrib system (heated), MT/hr 13 (3) 

Instrument Air, "CF --

Inert gas generator, SCFM --

NOTES: (1) See Talble 3.7 - II
 
(2) 	Assumed b5% condensate makeup in all cases
 

(3) 	Figure based on 60% fuel oil..
 

(4) 	Assumed 85% power factor, and 2 units each 80%
 

of full load.
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INSTALLED
 

40 (2)
 
1 @ 5.0 MVA
 

None
 
2000
 
7.0
 
200
 

40 (2)
 
1 @ 5.0 MVA
 

None
 
2000
 
7.0
 
300
 

40 (2)
 
None
 

2 @ 6G MT each
 
2 Cd7.0 WVA each
 

7000
 
10.0
 
400
 
500
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Reliability of the power supply to the EAOR refinery has generally been
 
unsatisfactory. It was stated by EAOR Management that ten power
 

outages had occurred during the first eight months of 1982 alone.
 
Voltage dips which can trip out electric motors are also quite common.
 
Most of the unreliability appears to be the fault of the Mombasa power
 
station itself. The power station has a nominal capacity of 60 MW and
 
is currently oil-fired. Conversion to (imported) coal firing is
 
planned for the near future.
 

A new 100-MW transmission line is currently being installed between
 
Mombasa and Nairobi, to connect with the main Kenya hydro-electric
 
power grid. The new line will parallel the existing 25-MW line.
 
However, since the average load in Mombasa (including the EAOR
 
refinery) is approximately 60 MW, the installation of the new 100-MW
 
line will not provide 100% spare capacity. During periodic shut-downs
 
of the new line for maintenance etc., the Mombasa area will still be
 
largely dependent on the existing power station which has proved to be
 

unreliable in the past.
 

The use of purchased power, even after completion of the new high
voltage transmission line from Nairobi, is not considered to be 
sufficiently reliable for operation of a high-pressure hydrocracking 

unit, plus its associated high-temperature hydrogen plant. For Case 4,
 
therefore, it is recommended in the present study that power-generation
 
facilities should be installed within the refinery. This requirement
 
naturally adds quite significantly to the capital investment cost of
 
Case 4. The recommendation has, however, the concurrence of the EAOR
 
Management who have had first-hand experience ,f the unreliability of
 

purchased power in Mombasa.
 

In Cases 1 and 2 and to a greater extent in Cases 3 and 3A, although
 
reliance on outside power is not a very desirable prospect, the
 
refinery is at least operational. It was concluded that internal
 

generation of power is not economically Justified in these Cases.
 

For Cases i and 2 no increase in transformer or local feeder line
 
capacity would be necessary. For Cases 3 and 3A, however, each
 
involving a large new thermal cracking unit plus new LGO HDS unit, a
 
modest increase in power-supply capacity would be desirable, as shown
 
on Table 3.7-11. Cost of the new 5.0 MVA transformer and feeder line
 

has been included in the investment estimates for Cases 3 and 3A.
 

(b) Steam Generation. There are currently three fired boilers and two
 
waste-heat boilers in the EAOR Refinery, as shown in Table 3.7-1.
 
Total capacity of all five boilers is 94 MT/hr at a pressure of 18 bar
 

(260 psig). Spare capacity is at least 50% (i.e. one complete fired
 
boiler).
 

The existing steam generating capacity in the EAOR refinery is
 
considered adequate for all Cases except Case 4, (see Table 3.7-111). 
In Cases 1 and 2, the additional steam load is well within the capacity 
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steam plant. In Cases 3 and 3A, the proposed thermal
of the existing 

cracking unit includes large waste-heat boilers with sufficient
 

capacity to supply most of the refinery steam requirements.
 

In Case 4 the situation is quite different. Steam for the refinery
 

power station would be generated at high pressure (60 to 100 bars, 900
 

to 1,500 psig), with either extraction of process steam from vacuum
 
use of (cheaper) back-pressure
ceondensing turbines, or perhaps the 


turbines to supply process steam. Detailed design of the power
 
an engineering study. For
generating facility in Case 4 must await 


present purposes, a 15-MVA power plant to supply the new process units
 

only has been assumed, although detailed engineering economics may
 

warrant installing sufficient generating capacity to supply the entire
 

refinery (about 20 MVA). Use of a gas-turbine combined cycle plant
 

should also be investigated.
 

The decision to recommend refinery power generation for Case 4 was made
 

reluctantly in view of the substantial extra cost involved. But it was
 

felt, and the EAOR Management agreed, that the overall safety of a
 

refinery which would include a hydrocracker and a hydrogen plant could
 

otherwise not be guaranteed, in view of the proven unreliability of
 

purchased power in the Mombasa area.
 

(c) Fresh Water. The refinery, together with the city of Mombasa and the
 

surrounding area, is supplied with fresh water from two sources:
 

1) Marere River, 40 miles away, limited supply of good-quality
 

water.
 
2) Mzima Springs Reservoir, 150 miles away, plentiful supply of
 

poor-quality water.
 

The condition of the (older) water pipeline from Marere is said to be
 
fairly frequent. Reliability
poor, and interruptions due to leaks are 


of the more remote supply is quite good, however, and the pipeline is
 

new and understood to be in sound condition. Quality of the water from
 

Marere is said to be excellent, but Mzima water is quite hard and
 

causes some operational difficulties.
 

No change in refinery supply of fresh water is recommended at this time
 

for any of the Cases. A study of the cost of full-scale repair of the
 

older water pipeline (Marere) is desirable, however.
 

(d) Cooling Water System. The existing EAOR refinery is designed for
 

maximum use of air cooling and this same philosophy should be applied
 

to any new units that may be installed. In the present study, the use
 

of maximum air cooling has been reflected in the estimated utility
 

requirements for the various Cases, given in Table 3.7-11. and also in
 

the capital cost estimates for the new facilities (see Chapter Ill-B).
 

The existing3cooling tower in the EAOR refinery has a capacity of 4,000
 
USGPM (938 M /hr) and appears to be adequate for Cases 1 and 2. Addi
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tion-il cooling-tower capacity of approximately 2,000 USGPM (450 M3/hr)
 
ir equired for Cases 3 and 3A, and an additional 7,000 USGPM (1,540
 
M /hr) is required for Case 4. Vacuum distillation used in Case 4 does
 

not lend itself to air cooling of the overhead system (normally
 
representing approximately 40% of the total cooling load) and this
 
contributes significantly to the cooling-water requirements for Case 4.
 

(e) Treated and Boiler Feed Wate. The present EAOR refinery has napacity
 
for treating 175 USGPM (40 M4/hr) of boiler feed water (BFW). This is
 

sufficient for Cases 1 and 2, but substantial increases in BFW capacity
 
are required for Cases 3, 3A, and 4 (see Table 3.7-I1). The BFW is
 
required in Cases 3 and 3A to supply the waste-heat boilers in the
 

thermal cracking unit. Part of this BFW demand will, of course, be met
 
by de-oiled returned condensate. In Case 4, where steam will be
 
generated at higher pressure for power generation (see above), a more
 

elaborate type of water treating plant will probably be necessary to
 
provide BFW of the proper quality for use in the high-pressure boilers.
 

(f) Refinery Fuel. It is not possible, at the present time, to make
 

accurate refinery fuel balances for the different Cases due to various
 
uncertainties. The refinery fuel requirements shown in Table 3.7-II,
 
expressed as BTUs per hour, compare reasonably well, however, with the
 
corresponding figures used in developing the preliminary material
 
balances, see Figures 3.5-1 through 3.5-5 and also Table 3.5-11.
 

In all Cases studied, refinery fuel oil has been assumed to be a
 
residual oil of relatively high viscosity and fairly high sulfur
 

content. The quantity of sulfur released to the atmosphere in the
 

total refinery flue gas for each Case has already been discussed in
 
Section 3.6.4, above. A high-elevation stack is provided in Cases 3,
 
3A and 4.
 

For convenience, the estimated refinery fuel gas and fuel oil data used
 

in the preliminary material balances are listed below.
 

Refinery Fuel (MT/SD)
 

Fuel Oil Fuel Gas Total
 

No Investment Case 173 248 421
 
Case 1 173 275 455
 
Case 2 180 263 443
 
Case 3 150 347 497
 
Case 3A 221 337 558
 
Case 4 (includes
 

Power Generation) 329 331 660
 

The above figures must be consi red as very approximate at the present
 
time.
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3.7.3 Tankage
 

A list of the proposed new tanks included in each of the Cases being
 

considered is presented in Table 3.7-IV. The factors involved in selecting
 

the tankage! required are discussed briefly below, under the crude oil and 
tanks in theindividual product headings. A summary of the main existing 

EAOR Refinery and at Port Reitz is given in Table 3.7-V. 

It should be stressed that any final decisions in regard to new tankage 

must await a detailed engineering review of the selected rase. In 
particular, the re-allocation of existing tanks to different services 
requires careful consideration as a means of reducing investment cost. In 

the present study, for example, Case 4 involves a very large reduction in 

total fuel oil production and, as discussed below, it was decided in this 
Case to re-allocate two of the existing fuel oil tanks to other services, 

thereby reducing the number of new tanks required. 

The general philosophy in the present study has been to provide at least 10 
to 12 days storage in most services (more in the case of crude oil and 

motor gasoline). This amount of storage time is considered to be adequate 

aince offtake of all products, other than LPG and bitumen, is by pipeline. 

Application of the above philosophy has nevertheless resulted in the
 

inclusion of a substantial amount of additional new tankage in most of the
 

Cases, see Table 3.7-IV. This is in contrast with the SIPM "Secondary
 
Processing Study," dated May 1981, which includes only a single new tank of
 

4,000 MJ capacity for kerosene service. The processing scheme in this SIPM
 

study is similar in several respects to Case 3 of the current study which,
 
however, includes 21,000 M of new tankage.
 

It is quite possible that a detailed engineering review, as recommended
 

above, could result in a substantial reduction of the new tankage listed in
 

Table 3.7-IV.
 

a) 	Crude Oil. Present net crude oil tankage capacity in the EAOR Refinery
 

is 212,300 metric tons, in a total of 11 floating-roof tanks. This
 
total includes the 6 crude oil receiving tanks located near the Port
 

Reitz dock. At the current maximum refinery input rate of 11,600
 
metric tons per stream day (equivalent to 3.886 million metric tons per
 

year of 335 stream days), there is only 18 stream days' storage for
 

crude oil.
 

The figure of 18 days' storage for crude oil is low by modern standards
 

and it was stated by the refinery operating staff that crude oil
 

tankage is "tight." The situation at the EAOR Refinery is somewhat 

helped, however, by the fact that crude oil is delivered in relatively 
small tankers, of the order of 50,000 to 70,000 DWT, due to limitations
 

of Mombasa harbor. Deliveries, therefore, have to be at quite frequent
 
intervals. Assuming an average tanker size of 60,000 DWT, maximum
 

refinery input rate would require that a full tanker should be
 

discharged every 5.2 days, on the average. This represents nearly six
 

tankers per month which is about the maximum desirable number for a
 

single berth.
 

II-A-62 	 /A Arthur D. little, Inc. 



TABLE 3. ' - I" 

TANKA6E 

SERVICE " ' .... (,,'AC 1 . 
3 bbl:; 

CASE 1 
40900Finished Kerosene 6500 

CASE 2 
Finished Kerosene 6500 40900 

LGO HDS Feed - X 6500 13000 81800 
19500 122700TOTAL 


CASE 3
 
Finished Kerosene 6500 40900 

LGO/HDS Feed 2 X 650) 12. 0 81800 

T-C Naphtha 3500 22000 

T-C 'erosene 3000 19900 

IOTA] : 000 104 60 

CASE 3A
 
Fini.;.ed Keroseiie 6500 40900
 

LGO 1IDS Feed 2 X 6500 13000 8]800
 

T-C Naphtha 3000 19900
 

T-C Kerosene 2500 15700
 
TOTAL 25000 158300
 

CASE 4
 
Finished Kerosene 
 6500 40900 

H-C Naphtha 45001) 28300 

H-C Kerosene 8000 50300 

Vacuum Gas Oil 16000(2) 100600.(.
 
- )


Light Tops 2 X 500= 1000 6300 (


TOTAL 36000 226400
 

NOTE: 1. Floating Roof
 
2. Spheres 
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TABLE 3.7 - V
 

SUM.LARY OF EXLSTING TANKAGE - EAOR REFINERY
 

PRODUCT No. of TANKS NET CAPACITY TYPE LOCATION 
Metric onS 

Crude Oil 5 90,300 Floating Post 

Crude Oil 6 121,80U Floating Refinery 

Napht ha 3 9.150 Fixed Ref inerv 

LP(. (Butane) 4 1,235 22 Sphere
Bullet 

Motor (asolines 3 23,500 Floating ( 2 )  I~ef inaerv 

Top.; 5.900 oati1g Ret inery 

Kerosenes 3 17,200 Fixed P.Pfinery 

Gas Oils 6 29,100 Fixed Rufintrv 

Fu: Oils 4 61,100 Fixed !,efnerv 

Bitumen P'Lant 13 1,540 Fixed - inery 

NO1:S: (1) Above list excludes miscellaneous tanks, e.g., water, refinery fuel, oil recov,.rv etc. 

(2) One gasoline tank 15,300 MT) is fixed
 

http:recov,.rv


It is possible that the Mombasa harbor may someday be dredged to permit
 

handling 90,000-DWT tankers (a study of the harbor is currently under
 

way). On this basis, at maximum refinery input, tankers would arrive
 

every 7.8 days on average, or about four tankers per month.
 

The existing crude oil tankage at the refinery represents the following
 

storage times (stream days) for each of the Cases considered in this
 

study.
 

1995
 
Crue Input Storage Time
 
10" MT/YR Stream Days
 

3,886(1)
No Investment Case 


Case 1 3,886(1) 18.3
 
Case 2 3,750 19.0
 

Case 3 3,350 21.0
 
Case 3A 3,150 22.6
 
Case 4 2,750 25.9
 

Note: (1) Refinery maximum.
 

Because there is no planned increase in maximum crude oil input rate in
 

any of the cases considered in this study--in fact, as shown above,
 

proposed crude oil input in 1995 for Cases 3, 3A and 4 is well below
 

the current refinery maximum--no additional crude oil tankage has been
 

included in any of the cases.
 

It is possible that some increase in crude oil tankage could have been
 

justified in Cases 1 and 2, particularly in light of the comment made
 

by the EAOR staff that the present crude oil storage is "tight." To
 
this extent, therefore, the decision not to include additional crude
 

oil tankage in any of the cases may be said to favor Cases 1 and 2 from
 
the point of view of investment cost.
 

All crude oil storage tanks at the EAOR Refinery are floating-roof
 

type.
 

b) 	 Tops. This is an intermediate product (C5 - 1800 F ) which is blended 

into motor gasoline. It is obtained from the CDUs (S-R tops) and from 

the T-C unit in Cases 3 and 3A (T-C Tops) and from the H-C unit in Case 
4 (H-C Tops). 

The present refinery has two floating-roof tanks for Tops with a total
 
net capacity of 5,900 metric tons. Estimated Tops production in the
 

various cases is as follows:
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S-R Tops T-C Tops H-C Tops Total
 
MT/SD MT/SD MT/SD MT7S
 

No Investment Case 419 --- --- 419 
Case 1 419 ..--- 419 

Case 2 404 --- --- 404 

Case 3 361 113 --- 474 
Case 3A 339 102 --- 441 
Case 4 296 --- 81 377* 

*Includes Tops feed to hydrogen plant in Case 4.
 

Storage time is from 12.4 to 15.6 days and is con.idered to be
 
adequate. No additional Tops storage is provided in any of the Cases,
 

but see Item (n) below for storage of Tops feed to Hydrogen Plant.
 

c) 	LPG. This is a finished product from ,he refinery but is also used in
 
motor gasoline blending. At the EAOR refinery LPG consists largely of
 
butanes (90% plus). Production of LPG for sale in 1980 and also in
 
1981 was 22,000 MT/yr and demand is projected to reach 38,000 MT/yr
 

(113 MT/SD) in 1995, an increase of 72%.
 

Existing LPG storage consists of two bullets (total 120 MT) and two
 
spheres (total 1,115 MT), for a total net capacity of 1,235 MT. Based
 
on the projected 1995 LPG demand of 113 MT/SD (38,000 MT/yr), storage
 
time would be 10.9 stream days. Although this storage time is on the
 

low side, it is considered to be adequate and it was decided not to
 
include additional LPG storage in any of the Cases.
 

In all cases, the estimated production of LPG exceeds the 113 MT/SD
 
projected demand. Typical estimated production rates for LPG in 1995
 

are as follows:
 

1995 LPG PRODUCTION - MT/SD
 

CDUs Platformers Cracked TOTAL
 

No Investment Case 106.0 22.0 --- 138.0
 
Case 1 106.0 22.0 --- 138.0
 
Case 2 101.8 20.9 --- 122.7
 
Case 3 91.0 26.3 25.1(T-C) 142.4
 
Case 3A 84.8 24.8 22.7(T-C) 132.0
 
Case 4 74.6 30.1 20.3(H-C) 125.0
 

In Case 3 the net storage time, based on the LPG production rate, is
 
down to 8.7 days, the minimum for the Cases considered.
 

d) 	Motor Gasoline. The projected total demand for combined regular and
 
premium motor gasoline in 1995 is 415,000 MT/YR or 1,239 MT/SD, as 
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compared with 404,000 MT/YR sold in 1981. This is an increase of only
 

3%. On this basis it would appear that there should be no need for any
 

additional finished motor gasoline tankage.
 

Existing motor gasoline storage in the EAOR Refinery is 28,500 metric
 

tons in three tanks, two of which (tanks 704 and 210) are floating-roof
 

and the other (tank 110) is fixed-roof. Storage time based on 1995
 

projected demand (1,239 MT/SD) is 23 stream days.
 

e) Naphtha. Straight-run naphtha is an intermediate product, approximate
 

boiling range 1800 to 400 F, and low in octane number--basically the
 

feed to catalytic reforming (Platforming). Existing naphtha tankage
 

has a net capacity of 9,150 MT in three fixed-roof tanks. Storage
 

times for the various Cases are as follows:
 

S-R Naphtha
 
Production Storage Time
 

MT/SD Days
 

No Investment Case 950 9.6
 
Case 1 950 9.6
 
Case 2 916 10.0
 
Case 3 819 11.2
 
Case 3A 770 11.9
 
Case 4 893# 10.2"
 

*Figure subject to revision.
 

No additional storage for S-R naphtha is required in any of the Cases.
 

In Cases 3 and 3A, some thermally cracked (T-C) naphtha is produced,
 
and in Case 4 some H-C naphtha, both of which are fed (via hydro
treating) to Platforming. A cracked-naphtha run-down tank is required
 
in all these Cases. Based on approximately 10 days' storage time, tank
 
sizes are as follows:
 

Production
 
Cracked Naphtha TankSize
 

RT/SD
 

Case 3 234 (T-C) 3,500
 
Case 3A 211 (T-C) 3,000
 
Case 4 315 (H-C) 4,500
 

The new cracked naphtha tank could be located on the site of one of the
 

existing unused gasoline tanks (108 or 109).
 

Although current EAOR naphtha tanks are fixed-roof (presumably with
 
inert-gas blanketing), it is considered safest to store laphtha in
 
floating-roof tanks. Particularly for thermal-cracked naphtha, it is
 
important to prevent oxygen contamination. A floating-roof tank for
 

cracked naphtha is therefore included in this study.
 

II-A-67
 



f) Kerosene. Projected demand in 1995 for single-grade kerosene 

(illuminating kerosene and jet fuel) is 492,000 MT/yr, up 28% from the 

492,000 MT sold in 1981. Current finished-product kerosene storage is 

17,200 metric tons in three fixed-roof tanks. This would provide only 

9.2 days' storage in 1995 which is considered to be ingdequate. An
 

additional finished-product kerosene tank of 6,300 M capacity is
 

provided in each of the Cases. This -ill increase storage to 12 days.
 

In Cases 3 and 3A, the thp-rmally-cracked (T-C) kerosene is hydro

treated and a fixed-roof teed tank for this intermediate product is
 

provided as follows:
 

Product ion Tank 3Size
 
MT/SD M"
 

Case 3 242 3,000
 
Case 3A 219 2,500
 

In Case 4, the hydro-cracked (H-C) kerosene is blended directly into
 
finished-product kerosene without treating. Prsduction rate is 62D
 
MT/SD. To provide 10 days' storrge, a new 8,000 M tank is included in
 
this Case.
 

g) 	AGO. The projected 1995 demand for automotive gas oil is 773,000 
metric tons per year, (2307 MT/SD), an increase of 50% over the 1981 
demand of 516,000 metric tons per year.
 

The 	present EAOR Refinery has a total net storage of 29,100 metric toi
 

for 	all gas oils including finished AGO, in six tanks. At the 1995
 

projected demand for AGO, this is equivalent to 12.6 days' storage, 
which is considered adequate in spite of the 50% increase in projected
 

demand over i 9 8 1. No additional finished AGO tanks are included in any
 

of the Cases considered in this study, although some new tanks are
 

provided for intermediate-product gas oils, see next paragraph.
 

h) LGO and HGO. In Cases 2, 3 and 3A, a new LGO HDS unit is provided to 
treat either S-R LGO alone (Cases 2 and 3), or a mixture ot S-R LGO and 
T-C LGO (Case 3A). Feed rates ire in the order of 2,000 MT/SD. Two 

new feed tanks, each of 6,500 M capacity, are provided in Cases 2, 3 
and 3A and will be located adjacent to existing tanks 206 and 207. 

The two new tanks together will provide a total of 5.0 days' storage.
 
This is considered to be adequate since it is assumed that when the new
 

LGO HDS unit in these Cases is shut down, only about 60% of the normal
 
amount of S-R LGO will be produced at the CDUs (because sulfur content
 

will then be limiting). This S-R LGO will go direct to finished AGO 
product storage (by-passing the new feed tanks) as it does in the
 

present EAOR Refinery.
 

No new tanlage for HGO is required in any of the Cases.
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i) Long Residue. In Cases I and 2 the long residue fro .h, CDUs goes
 

directly into fuel oil. In Cases 3, 3A and 4, the long residue is an
 
storage time is required. It will
intermediate product and more 


normally be sent (hot) direct to the T-C unit (Cases 3 and 3A) or to
 

the Vacuum Distillation Unit (Case 4).
 

There are four 15,200 MT fuel oil tanks in the present EAOR Refinery
 
and 120). Due to the reduced quantity of total
(Tanks 117, 118, 119 


fulel oil produced in Cases 3, 3A and 4, however, it becomes possible to
 

transfer one of these existing fuel oil tanks to long residue service
 

for feeding the above units. (See Fuel Oil, Item (m), below.)
 

Figures for the three Cases ire as follows:
 

Long Residue Process
 

Feed Rate Unit Storage Time
 

MT/SD Days
 

T.C. Unit 3.6
Case 3 4,169 

ase 3A 3,892 T.C. Unit 4.0
 

Vac: Dist Unit 4.5
Cazo 4 3,375 


No new tank- for long residue service are provided in any of the Cases.
 

J) Short Residue. This intermediate product is only made in Case 4, as
 

the bottoms from the Vacuum Distillation unit. Production rate is 
Residue will be blended laot, directly into fuel
1,350 MT/SD. The Short 

oil or used hot as refinery fuel oil (see Section 3.6.2). No tank is 

provided. 

k) Vacuum Gas Oil. This intermediate product is made only in Case 4
 

for the small amount made in the Bitumen Plant in all Cases)
(except 

and is the feedstock to the Hydrocracker. It is considered important
 

to provide adequate storage time so that the hydrocracker is
 

effectively insulated from upsets in other refinery units, such as a
 

sudden CDU shutdown, etc.
 

Rate of feed to the hydrocracker is 2,024 MT/SD of vacuum gas oil. It
 

is proposed to provide two feed tanks, each of 15,000 metric tons net
 

capacity, giving a total of 15 days' storage. One of these two tanks
 

will be an existing 15,200 MT fuel oil Tank (see "Fuel Oil," Item (m),
 

below), and the other will be a new tank of the same size to be located
 

In Case 4, of course, the production of
adjacent to existing tank 1080 


fuel oil is cut to a minimum and no fuel oil is exported.
 

1) Fuel Oil for Export. There is a 50,000 MT (52,200 M 3) fuel oil
 

shipping tank at the Port Reitz terminal, which is used for fuel oil
 

often made using the same tankers which
exports. Fuel oil exports are 

deliver crude to Mombasa. The average frequency of fuel oil exports in
 

1995, assuming 50,000 MT lots, would be as follows:
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F.O._Export Rate F.O. Export
 
10' MT/yr Cargoes Interval,
 

Per Year Days
 

No Investment Case 1,559 31.2 11.7
 
Case 1 1,327 26.5 13.8
 
Case 2 1,130 22.6 16.2
 
Case 3 683 13.7 26.6
 
Case 3A 480 9.6 38.0
 
Case 4 nil nil --


For Cases 1 and 2, as well for the No Investment Case, the interval
 
between export shipments appears to be rather short. Nevertheless, it
 
was decided not to include any additional export fuel oil tankage at
 
Port Reitz in these Cases, at least for the purpose of the present
 
study. Such tankage could conceivably be required and a study is
 
desirable.
 

For comparison with the above, the maximum amount of fuel oil actually
 
exported from the EAOR refinery in a single year to date was 923,000
 
metric tons in 1980. This is only 60% of the projected 1995 exports of
 
1,559,000 tons in the No Investment Case.
 

m) 	Fuel Oil (Domestic). The EAOR Refinery has a total of 61,200 metric 
tons (63,800 MJ) of fuel oil storage in four tanks. Since one of the 
main objects of the present study was to find ways to reduce fuel oil 
production, no additional fuel oil tanks are provided in any of' the 
Cases. In fact, in Cases 3, 3A and 4, one of the existing fuel oil 
tanks is used as a long residue feed tank to the T-C Unit or Vacuum 
Unit (see Item (i), above), and in Case 4 a second existing fuel oil 
tank is used for vacuum gas oil (VGO) storage as feed to the 

hydrocracker (see Item (k), above). 

Storage times for fuel oil (total) in the various Cases, both with and
 
without the 50,000 MT fuel oil shipping tank at Port Reitz, are as
 
follows:
 

Fuel Oil 1 No. of Storage Time, Days
 
Production Refinery Tanks Refinery Including
 
MT/SD Only Port Reitz
 

No Investment Case 6,269 4 9.9 18.0
 
CaL 1 5,487 4 11.3 20.4
 
CE 4,898 4 12.7 22.9
 
C. 3,564 3 12.7 32.4 
Ca 2,958 3 15.3 37.Z2 ) 
Case 4 1,525 2 20.3 --

Note: 	 1 Excludes refinery fuel oil
 
2 No export of fuel oil in Case 4.
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The above storage times are considered to be adequate, in the light of 
the existence of the 50,000 metric ton fuel oil shipping tank at Port 

Reitz, which will be used in all cases except Case 4 (no export of fuel 
oil).
 

3 
edrogen Two each capacity
n) 	Feed to H Plant. spheres, of 500 M , are
 

provided, on the basis that light tops and/or LPG will be used as 
standby liquid feed to the Hydrogen Plant in Case 4. These spheres
 

together provide about 10 days' total storage time during normal 
operation of the Hydrocracker. For discussion of Hydrogen Plant feed, 

see Section 3.6.3. The block diagram, Figure 3.5-5, is based on 100% 
tops as feed to hydrogen manufacture. 

o) 	Industrial Diesel Oil. No new tanks are required for industrial diesd 
oil. Production is expected to increase from 61,000 MT in 1981, to a 

projected figure of 68,000 MT in 1995, an increase of only 11%. 

p) 	 Bitumen. The existing tankage is adequate. Projected demand for bitu

men in 1995 is 47 MT/SD, which is within the capacity of the existirg 
facility. 

3.7.4. Plot Plan 

A plot pla- of the existing EAOR refinery, with boundaries indicating the
 

approximati locations and plot areas required by the various Cases, is
 

attached as Figure 3.7-1. It is assumed that the new process units will be
 

located directly to the north of Complex II. New tankage will be located
 

to the west of the process areas, with utilities located to the east.
 

A detailed engineering study will be required to develop a precise plot 
plan. The purpose of Figure 3.7-1 is primarily to indicate: a) that 

sufficient space is available, and b) that a reasonably efficient plant 
layout is possible.
 

Except for Cases 1 and 2, the new processing facilities will be provided
 

with a separate, explosion-resistant (bunker-type) control room of modern
 

design.
 

Soil conditions in the indicated areas are good and no piling is required.
 

Natural drainage is available in the direction of the existing oily-water 
separator.
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3.8 SENSITIVITY ANALYSES
 

Three sensitivity analyses are considered in this section. The purpose of
 
the first analysis was to determine for each Case how the upgraded EAOR
 
refinery, designed and sized for a particular crude oil (see Section 3.1),
 
would operate on a substantially heavier crude.
 

The purpose of the second analysis (Section 3.3.5, below) was to determine
 
how the upgraded refinery, designed for the projected 1995 product demand,
 
would operate in 1990.
 

The purpose of the third analysis was to analyze the mperation of the
 
existing refinery without modifications using alternative lighter crude
 
slates.
 

The sensitivity analyses are considered under the following sub-headings:
 

3.8.1 	 Application of White Oil Rule
 

3.8.2 	 Selection of Heavy Crude Oil for the Sensitivity
 
Analysis
 

3.8.3 	Comparison of the Selected Heavy and Design Crude
 
Slates
 

3.8.4 	 Sensitivity Analyses by Case - Heavier Crude
 

a) No 	Investment Case and Case 1
 
b) Case 2
 
c) Case 3
 
d) Case 3A
 
e) Case 4
 

3.8.5 	Sensitivity Analyses - Operation in 1990
 

3.8.6 	 Light Crude Alternatives for the No Investment Case
 

3.8.1 	 Application of White Oil Rule
 

In the crude oil sensitivity analysis, rather than maintaining the same
 
crude oil input rates as were used for design (see Table 3.5-11), it was
 
decided to apply the "White Oil Rule" (see Section 1.2) and to charge
 
varying amounts of the selected crude as required in each Case to make the
 
desired white products, up to the capacity limits of the existing refinery
 
and/or of the new processing units. In determining such limits for the new
 
units, the design capacities, rather than the calculated (material balance)
 
capacities, have been used (see Table 3.5-I).
 

3.8.2 	Selection of Crude Oil for Sensitivity Analysis
 

The crude oil finally selected for the sensitivity analysis consists of a 
blend of 25% wt. Arabian Heavy and 75% wt. Arabian Light crude oils, as 
compared with the blend of 10% wt. Arabian Heavy and 90% Arabian Light 
crudes used for design (see Section 3.1). For convenience, the two crude 
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oil blends are referred to below as "25% Crude" and "10% Crude,"
 
respectively.
 

The choice of the 25% wt. Arabian Heavy and 75% wt. Arabian Light crude oil
 
blend for the sensitivity analysis, was made after a careful review of the
 
factors involved. The use of a lighter crude than the design 10% Crude was
 
not considered as a proper basis for design of the new processing units
 
because it was apparent that the refinery would always run better (i.e.
 
would produce less surplus fuel oil for export), the lighter the crude oil
 
processed. This conclusion assumes, of course, that no special problems
 
such as cloud point, pour point, etc. would be encountered with the lighter
 
crude.
 

In recent years users have selectively delivered a higher proportion of
 
lighter crudes to EAOR (particularly in 1978 and 1982). If the
 
availability of suitable light crudes could be guaranteed on a long-term
 
basis to EAOR this could possibly diminish the need for new process *lant.
 
However, given that EAOR is a processing refinery and taking accour _f our
 
expectation that average crude oil quality will deteriorate over time, we
 
do not believe that a lighter crude slate would be appropriate as the
 
design crude for this analysis. However, recognizing current industry 
practice, lighter crudes are evaluated for the No Investment Case in 
Section 3.8.6 below. 

It is also possible that crude oil cargoes delivered to the EAOR refinery
 
could be spiked with automotive gas oil. One advantageous effect of this
 
would be to deliver white oil to the Kenya market at a crude oil freight
 
rate. More importantly, although we recognize that spiking white products
 
into crude oil would obviously reduce the processing investment required to
 
meet product demand, we do not feel that under the present supply and
 
marketing arrangements, spiking can be relied upon for the supply of the
 
Kenyan market. A further concern is that spiking violates the White Oil
 
Rule under which EAOR currently operates.
 

Based on the above considerations, it was decided to develop the sensiti
vity analysis on a heavier crude than that used for design. Theoretically,
 
100% Arabian Heavy crude oil could ha'a been considered. The difference in
 
API gravities between the 10% crude used for design and 100% Arabian Heavy
 
crude is only about 5 degrees. Preliminary calculations on the basis of
 
this crude, however, indicated that the greater yield of long residue (56%
 
wt. on crude against 44.1% wt.), plus the much higher sulfur content of
 
this long residue (4.65% wt. against 3.20% wt.), would lead to quite
 
excessive quantities of fuel oil for export in all the Cases considered.
 

In order to meet the current sulfur specifications for fuel oils in Kenya
 
and the contiguous market, and at the same time to reduce the amount of
 
fuel oil for export to a manageable figure while processing 100% Arabian
 
Heavy crude, a specially designed and very costly refinery would be
 
required, probably including residual oil hydrocracking (H-Oil or similar)
 
or other short-residue upgrading process. Alternatively, coking, with the
 
problem of disposing of the high-sulfur coke, might have to be considered.
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The refinery Cases developed in this study simply do not seem suitable for
 

processing 100% Arabian Heavy crude in the Kenya and contiguous market
 

environment, due to the extremely high yields of high- sulfur surplus fuel
 

oi± that would be produced and exported. A sensitivity analysis based on
 

running this crude was therefore not considered worthwhile, particularly
 

since we believe that EAOR's future crude slate can reasonably be expected
 
to be of a more appropriate quality.
 

The 25% Crude that was finally selected for the sensitivity analysis is
 
obviously a compromise. Blends containing 33% wt. Arabian Heavy crude and
 

even 50% wt., were considered briefly. While admittedly not much heavier
 

than the 10% Crude used for design (the gravity difference is less than one
 

API degree), the 25% Crude finally selected is felt to represent about the
 

heaviest Arabian-type crude oil that could be handled economically in the
 

EAOR refinery after upgrading along the lines of the present study, given
 

the Kenya and contiguous market product demand as projected for 1990 and
 

1995.
 

3.8.3 Comparison of the Selected and the Design Crudes
 

The main difference is that the 25% crude selected for the analysis
 

contains a greater proportion of heavy ends (residue) than the 10% Crude
 

used for design, and also has a higher sulfur content. Comparative heavy
 
oil yields and product quality data for the two crude oil mixtures are
 
presented in Table 3.8-I.
 

It has been assumed in all the Cases considered in this study that 78,000
 

MT/yr of Arabian Heavy long residue will be charged to the existing bitumen
 

plant (projected bitumen demand in 1995 is 47,000 MT/yr). The effect of
 
this diversion is to reduce the proportion of Arabian Heavy material in the
 
net long residue from the CDUs and therefore in the products derived from
 

this long residue such as the VGO and short residue in Case 4, and the T-C
 
unit products in Cases 3 and 3A. The effect is not linear and its
 
magnitude is dependent on the amount of crude oil being run, as well as on
 
the composition of this crude. The effect is most marked for the 10% Crude
 
at low input rates, as shown in Table 3.8-I.
 

3.8.4 Sensitivity Analyses by Case- Operation on Heavier Crude
 

The heavier crude sensitivity analyses are discussed below on a
 
case-by-case basis. For convenience, however, the data (crude oil input,
 
fuel oil for export, etc. for each Case) have been summarized in Table
 

3.8-11.
 

It will be noted from Table 3.8-II that crude oil input rates go up in all
 
the Cases, except in the No Investment Case and in Case 1 where the maximum
 

existing refinery (CDU) capacity had already been reached in design (see
 
Table 3.5-I). Similarly, the amount of fuel oil for export increases in
 
every Case. Furthermore, the export of fuel oil is no longer eliminated
 
completely in Case 4 as it was in the design.
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TABLE 3.8 - I
 

RESIDUES FRuM CRUDE OIL MIXTU-ES
 

2i Crude ( 
10Cu.Crude ( I) 

1 ) 

Crude Input, 10 %!T/YR 3886(3) .750 3dfi (3) 27-0
 

API Gravify 32.85 32.85 32.0 32.0
 
Sulphur in Crude, 1.wt. 1.92 1.92 2.09 2.09
 

Long Residue
 

Net yield in crude, % wt 42.13 41.28 44.1.0 43.30 
lvy Arabian Content % wt. 8.55 6.69 27.2 25.F 
Sulphur Conte:it, wit 3.23 3.20 3.50 3.48 
Viscosity, C @ 5G) C 390 370 5no 460 
Viscosity Blendiag Index 33.0 332..9 13.433.6 

Specific Gravity. 15/4 0 C 0.962 0.962 0.q78 0.978
 

Vacuum Gas Oil
 

Net yield on Cru-le, % wt. 23.77 23.69 22.70 22.50 
Net yield on Long Resiciu % wt. 56.41 56.90 51.41) 51.80 
Heavy Arabian Content, % wt. 4.86 1.98 16.16 15. 3 
Sulphur Content, Z wt. 2.38 2.37 2.4': ,.45 

.
Specific Gravity, I-,V, U.9L4 0.914 0.9L (.j913 

Short (Vacuum) Re,;idu,2 

Net Yield on Crudc, ' wt. 18.36 17.79 21.42 20,85 
Net Yield on Long LCsidue, .wt. 43.59 43.10 48.6o 4H.2 

Heavy Arabian Co;Le-nt % Wt.
Sulplhur Citlt. ;. wL. 

13.Jb 
4.J2 

10.59
4.30 

36 .i2
4.60 

36.45 
4.38 

Viscoity, C (d 50'C x; 10- 2 5 200 2 0 50 
s

Viscosity Blendfing Index 4.6 4j.S 4 43..7 
Specific Gravity, 5!4'C 1.025 1.025 1.026 1.026 

NOTES: (1) Sce LeXt for definitiou 3
 
(2) All vieids :orrected for withdrawal of 78 X 10 MT/Y, of
 

Long Rt:sidue (Heavy Arabian) for bitumen manufacture
 
(3) 3.886 million tons/.,r is refinery maximum, ba.;is content
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TABLE 3.8 - II 

SENSITIVITY ANALYSES - HEAVIER CRUDE 

Q;tantlties in 103 MT/YEAR 

CRUDE OIL INPUT 

10% Crude 25% Crude 10 

AGO IMPORT 

Crude 25*' Crude 

FUEL OIL EXPORT 

10% Crude 25Z Crude 

No Investment 

Case 1 

Case 2 

Case 3 

3886 (1) 

3886 (1) 

3750 

3350 

3886 (1) 

3886 (1) 

3886 (1) 

3450 

295 (2) 

63 (2) 

nil 

nil 

400 (2) 

150 (2) 

50 (2) 

11il 

1.5b0 

1327 

1110 

665 

1660 

1400 

1290 

765 

Case 3A 3150 3300 nil nil 462 610 

Case 4 2740 2950 nil nil nil 200 

NOTES: (1) Maximum refinery (existing CDU's) crude input.
 
(2) White oil rule cannot be applied due to crude oil input limitations.
 



Part of the increase in fuel oil export when processing the heavier crude,
 
is due to the higher residue yields and part to the higher sulfur contents
 
of these residues (especially in Cases 3, 3A and 4) which leads to the need
 

for 	a higher proportion of cutter stock in the fuel oil blends.
 

a) 	No Investment Case and Case I. In these two Cases, the crude oil input
 
rate is already up to the existing refinery (CDU) maximum capacity when
 

processing the 10% Crude (see Table 3.5-I). This rate, therefore,
 
cannot be increased any further when processing the heavier crude.
 
Sulfur content of the long residue is 3.5% wt. (up from 3.23% in the
 
design), but this is still well within the domestic fuel oil specifica
tion of 3.7% wt. maximum, and the export fuel oil specification of 4.0%
 
wt. maximum. Import of AGO increases, as does the quantity of export
 

fuel oil in both Cases (see Table 3.8-11). Reduced white product yield
 
from the 25% Crude is the primary factor.
 

b) Case 2. In this Case the crude oil input goes up from 3.75 million
 
metric tons per year (design) to the refinery (CDU) maximum of 3.886
 
million metric tons per year. Some import of AGO also becomes
 
necessary (i.e. the White Oil Rule can no longer be strictly applied).
 
As expected, the amount of fuel oil for export increases by
 
approximately the same amount as the import of AGO.
 

Although the sulfur contents of the untreated kerosene and LGO go up
 
slightly as compared with design, there is still enough hydrogen and
 

adequate HDS treating capacity available.
 

c) Case 3. A problem here could be the hydrogen balance since hydrogen
 
demand increases due to increased sulfur levels of white products.
 
Preliminary calculations indicate, however, that there is still
 
sufficient hydrogen available from the existing Platforming units.
 

Increase in crude oil input in Case 3 is estimated to be from 3.35
 
million metric tons per year based on the 10% Crude, to 3.45 million
 
metric tons per year for the 25% Crude. Design capacity of the T-C
 
unit is just adequate, as shown below, to process the additional long
 
residue.
 

10% Crude 25% Crude
 
Calc Design Calc
 
(MT/SD) (MT/SD) (MT/SD)
 

T-C 	Unit Input 4,180 4,578 4,530
 

Capacity of the new LGO HDS unit in Case 3 appears to be adequate,
 
provided that there is sufficient hydrogen (see above).
 

The full 1995 white product demand can be met in Case 3 while
 
processing 25% Crude.
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d) 	Case 3A. Fuel oil export in this case goes up by approximately 150,000
 

metric tons per year when processing the 25% Crude, while crude oil
 

import rises by the same amount, from 3.15 million to 3.3 million
 

metric tons per year.
 

One limitation in Case 3A is the input capacity of the thermal cracking
 

unit as follows:
 

10% Crude 25% Crude 

Calc Design Calc 

(MT/SD) (MT/SD) (MT/SD) 

4,304
T-C 	Unit Input 3,767 4,143 


As a result of the above under-capacity, approximately 160 MT/SD
 

(55,000 MT/yr) of long residue must be sent directly to fuel oil,
 

by-passing the T-C unit. Sulfur (as H2S) increases by about ..- but 

the proposed two sulfur plants together have enough capacity to handle 

this increase. Hydrogen balance appears to be adequate, i.e. there is 
care ofenough over-capacity in the new package hydrogen plant to take 


the higher sulfur levels
 

The full 1995 white product demand can be met in Case 3A while 

processing 25% Crude.
 

e) 	Case 4. Some export of fuel oil (approximately 200,000 MT/yr) cannot 

be avoided in this case when processing 25% Crude, as shown in Table 

3.8-11. Crude oil input goes up from 2.75 million MT/yr to 2.95 

million MT/yr. The full projected white product demand for 1995 can be 

met, however, while processing the heavier crude oil at the higher 

rat e. 

Due 	to the increased sulfur content of the short residue (from 4.32%
 

wt. 	 up to 4.60% wt., see Table 3.8-1), it is necessary to use a higher 

proportion of cutter stock in the fuel oil blends than for the 10% 

Crude. This in turn increases the fuel oil yield on crude oil, in 

case there is also moreaddition to the fact that in the 25% 	 crude 
fuel oil yield on crude oil is

short residue to be blended. Overall 

therefore increased significantly.
 

The 	main limitation in Case 4 appears to be the short-residue handling 

capacity of the vacuum unit, which goes up from 1,737 MT/SD (design 
for
 

this unit) to 1,854 MT/SD; this could be a real bottleneck. Inputs to
 

both the vacuum unit and the hydrocracker are below the design rates 

for 	these units, however, as follows:
 

II-A-79
 

AArthur R1 Lttle,Inc. 



10% Crude 25% Crude
 
Calc Dep!in Calc
 
(MT/SD) (MT/SD) (MT/SD)
 

Feed to: 	 Vacuum Unit 3,367 4,040 3,839
 
Hydrocracker 2,025 2,195 1,985
 
Hydrogen Plant
 
(Production) 54 65 59 (estimate)
 

The existing CDUs operate well within their capacities in this Case, when
 

processing 25% Crude at 2.95 million tons per year.
 

3.8.5 Sensitivity Analyses By Case - Operation in 1990
 

As discussed in Section 3.2, it seems likely that the various processing
 
additions to the EAOR Refinery that are discussed in this study, would
 
start up by ea-ly 1986 to early 1988, depending on Case. It is thus of
 
interest to determine the sensitivity of the upgraded refinery, designed on
 
the basis of the projected 1995 product demand, to the lower product demand
 
projected for 1990.
 

Refer-ing to Table 3.2-I, it will be noted that the projected total Kenya 
and contiguous market demand in 1990 is 2.217 million metric tons as 
against 2.48 million metric tons in 1995, the figure used for design 
purposes. On this basis, the refinery would be running at 89.5% of design 
capacity in 1990. Very similar percentage reductions apply to the 
individual products as follows: 

1990 Demand as a
 
Product Percentage of 1995 Demand*
 

Motor Gasoline (both grades) 92.5
 
Kerosene (single grade) 89.5
 
AGO 87.0
 
Total White Products 89.5
 
Fuel Oils 89.5
 
Total of All Products
 

*Basis Kenya and contiguous market demand.
 

In general, the 1990 product slate is not changed very much in terms of the
 
percentage demands. The total of white products, expressed as a
 
percentage, is the same as for the total of all products. Demand for motor
 

gasoline in 1990 is -educed rather less than the average, and demand for
 
AGO 	is reduced rather more than the average.
 

It is convenient to consider the sensitivities as summarized in Table
 
3.8-111 on a Case-by-Case basis:
 

a) 	No Investment Case. It is still necessary even in 1990 to run maximum
 
crude oil through the refinery and to import a small amount of AGO.
 
Fuel oil for export ii slightly decreased, however, as compared with
 
1995. 
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TABLE 3.8 - III 

SENSITIVITY ANALYSES - 1990 PRODUCT DEMAND 

Quantities in 103 T/Year 

Crude Oil Input 

1995 1990 

AGO Import 

1995 1990 

Fuel Oil Export 

1995 1990 

No Investment 

Case 1 

Case 2 

Case 3 

Case 3A 

Case 4 

3886(2) 

3886(2) 

3750 

3350 

3150 

2750 

3886(2) 

3600 

3350 

3000 

2800 

2450 

295 

63 

nil 

nil 

nil 

nil 

100 

nil 

nil 

nil 

nil 

nil 

1560 

1327 

1110 

665 

462 

nil 

1630 

1260 

1010 

590 

415 

nil 

NOTES: (1) 

(2) 

All figures based on processing "Design Crude", 
consisting of 90% wt. Arabian Light at 10% wt. 
Arabian Heavy. 

Maximum refinery crude input, basis existing CDU's. 

Y 



b) 	Case 1. For the 1990 projected demand, it becomes possible in Case 1
 
to eliminte any import of AGO (as is required in 1995) and to reduce
 

the crude oil input to the refinery from the maximum of 3.886 million
 

to 3.6 million metric tons per year. Fuel oil for export is reduced
 

accordingly from 1.327 million to 1.26 million metric tons per year.
 

c) 	Case 2. The effect of using the projected 1990 product demand in Case
 

2 is to reduce crude oil input to 3.35 million from 3.75 million metric
 
tons per year. Fuel oil for export is reduced by a corresponding
 

amount.
 

d) 	Cases 3 and 3A. These Cases both involve thermal cracking. For 1990,
 

crude oil input rates and fuel oil exports are reduced equally, since
 

the demand for white products in 1990 is reduced in proportion to the
 
reduction in total product demand.
 

e) 	Case 4. Crude oil input is reduced by 300000 metric tons from 2.75
 

million to 2.45 million tons per year. As in 1995, fuel oil export
 
remains at nil. Product slate is simply reduced directly in proportion
 
to crude oil intake.
 

3.8.6 Light Crude Alternatives for the No Investment Case
 

Two alternative light crude slates were developed for the analysis of the
 

No Investment case; the blends selected consist of:
 

* 	 67.5% Arab Light, 7.5% Arab Heavy and 25% Abu Dhabi Murban, and
 

* 	 45% Arab Light, 5% Arab Heavy and 50% Abu Dhabi Murban.
 

Table II-11 shows the key features of the material balance for each of
 

these slates in the No Investment Option. Substantial exports of surplus
 
residual fuel oil take place in both cases, but imports of automotive gas
 

oil are all but eliminated with the 75% design mix/25% Murban slate and are
 

completely eliminated in the 50/50 case. Minimal exports of gasoline will
 

occur in the 1990s with both slates.
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TABLE II-11 

REFINERY OPERATIONS i985-1995 

Basis: Kenya and Contiguous Markets 

No New investment 

Alternative Light Crude Slates 

75% Design Mix2/25% Murban 

1985 1986 1987 1988 1989 1990 1995 

Crude Oil 

AGO Imports 

Gasoline Exports 

Fuel Oil Exports 

3240 

982 

3292 

-

-

1028 

3345 

-

-

1069 

3405 

-

-

1112 

3480 

-

3 

1164 

3578 

-

8 

1228 

3886 

65 

16 

1319 

50% Design Mix2/50% Murban 

Crude Oil 

AGO Imports 

Gasoline Exports 

Fuel Oil Exports 

2940 

693 

2987 

-

-

733 

3037 

-

-

772 

3095 

-

-

814 

3155 

-

-

854 

3216 

-

2 

884 

3630 

22 

1001 

IRefinery Maximum Throughput 

.0 290% Arab Light/10% Arab Heavy 



3.9 REFINERY OPERATIONS PRIOR TO 1995
 

The refinery has been designed in each Case to meet the projected product
 
demand in 1995 for the Kenya and contiguous market (see Section 3.2).
 
Commissioning dates, however, are estimated to range from January 1, 1986
 
for Case 1, to January 1, 1988 for Case 4. This section is concerned with
 
refinery operations during the intermediate years between these
 
commissioning dates and 1995. These data are required for cash flow
 
calculations (see Chapter V of this study).
 

Similar year-by-year refinery operations have also been developed on the
 
premise that the projected product demand from the EAOR refinery is limited
 
to Kenya alone, excluding the contiguous market completely.
 

Sub-headings are as follows:
 

3.9.1 Milestone Dates
 
3.9.2 Product Demand in Intermediate years
 
3.9.3 No Investment Case Considerations
 
3.9.4 Refinery Operations--Kenya and Contiguous Market Demand
 
3.9.5 Refinery Operation--Kenya Only Demand
 

3.9.1 Milestone Dates
 

Estimated milestone dates for each of the Cases are presented in the
 
Project Implementation Schedule In Table 3.9-1. The rationale behind these
 
dates is discussed in Appendix III-C.
 

Commissioning dates for each of the Cases and the corresponding periods of
 
"mixed' operation immediately after start-up, taken from Table 3.9-1, are
 
as follows:
 

Commissioning Date Mixed Operation
 

Case 1 January 1, 1986 80% for 6 months
 

Case 2 January 1, 1987 80% for 9 months
 

Case 3 July 1, 1987 80% for 1 year
 

Case 3A July 1, 1987 80% for 1 year
 

Case 4 January 1, 1988 80% for 1 year
 

The percentages above refer to operation of the new facilities, the balance
 
being operation of the No Investment Case for the period indicated.
 

The intermediate operation periods, between the start-up dates and the
 
design year of 1995, vary from 9 years for Case I to 7 years for Case 4.
 
During these intermediate years the proposed new facilities would be
 
operating below design capacity.
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TABLE 3.9 - I
 

PROJECT IMPLEMENTATION SCHEDULE
 

ALL CASES
 

January 1983 through 	June 1983. This period is allocated for the
 

Government of Kenya, EAOR and other parties to study this report, select a
 

Case for possible implementation and select a contractor to prepare
 

a project definition.
 

CASE 1 CASE 	2 CASE 3 3A CASE 4
 

Project Definition' 	 July 1, 1983- July 1, 1983- July 1, 1983- July 1, 1983-


Sept 30, 1983 Dec 31, 1983 Mar 30, 1984 Mar 30, 1984
 

Obtain bids and Oct 1, 1983- Jan 1, 1984- April 1, 1984- April 1, 1984-


Select Contractor Dec 31, 1983 June 30, 1984 Sept 30, 1984 Sept 30, 1984
 

Initiate Detailed I
 

Engineering and Jan 1, 1984 July 1, 1984 Oct 1, 1984 Oct 1, 1984
 

Procurement
 

Initiate Field (I)5 (I)1
 
Construction Jan 1, 1985 July 1, 1985 July 1, 1985 July 1, 1985
 

Complete Eng. 
and Procurement Dec. 31, 1984 June 30, 1985 Dec 31, 1985 Dec 31, 1985 

Initiate Pre-_ _ 

Commissioning Oct 1, 1985 April 1, 1987 Mar , 1987 Sept 1, 1987 

Complete
 
Construction I Dec 31, 1985 .June 30, 1987 June 30, 1987 Dec 31, 1987
 

Start up Jan 1, 1986- .uly 1, 1987-i July 1, 1987- Jan 1, 1988-

Operation Feb 25, 1986 Sept 30, 1987 1 Oct 31, 1987 April 30, 1988 

(1) Six months added in Cases 1 and 2 for port entry delays
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Periods of 7 to 9 years between commissioning and the year 
used for design
 

is
 
demand are somewhat lcnger than normal. A period of 4 to 5 years 


avoid gross cver-sizing of the
 
probably more usual in refinery design, to 


running the plant below capacity. The
 
units and the economic penalty of 


the longer periods In the present study, however, can be justified
use of 

on the ground that the projected total product demand in Kenya and
 

contiguous markets, and also the projected total demand 
in Kenya alone (see
 

Section 3.9.2 below) change extremely slowly during the 
years 1986 through
 

-.0.2%, respectively,

1990. Projected total demands change only 2.5% and 


On the other hand, the projected total demand
 over this four-year jriod. 


changes for the next ive-year period, 1990 through 1995 (the design year),
 

and 8.5%, respectively, corresponding to annual growth rates of
 are 12.5% 

2.5% and 1.7%.
 

serve the Kenya and contiguous
Assuming that the EAOR refinery continues to 

the above small


the economic effect of operating the new units at
market, 
 On
 
reduction in capacity during the intermediate years, is not 

very great. 

being restricted (for


the other hand, the economic effect of the market 

Kenya alone, would be more serious. The
 

political or other reasons) to 

in example, is only 70% of the
 

Kenya-alone projected demand 1990, for 


projected demand in 1995 for Kenya and the contiguous market, 
thrt has been
 

used for design purposes.
 

3.9.2 Product Demand - Intermediate Years
 

during the intermediate "mixed operation"

The projected product demands 


years are shown in Table 3.9-IH for 1) Kenya and the contiguous market, and
 

in Table 3.9-11 were developed by exponential

2) Kenya alone. Data 


for the
 
interpolation between the projected demand data developed 


individual years 1985 and 1990 (see Chapter II of this study).
 

As noted, the projected total product demand rises only very 
slowly between
 

1985 and 1990. Projected fuel oil demand actually drops during this
 

for gasoline is substantially

period, while projected demand motor 


Main increase is in the demand for middle distillates.
constant. 


demand certain key

The following figures show the variation of the for 


products, expressed as a percentage of the total product demand for Kenya
 

and contiguous market.
 

1985 1990 1995 

(% wt) (%WO) (% wt) 

16.7
17.3 17.5
Motor Gasoline 

25.3
23.9 25.5
Kerosene 

31.3
27.3 30.3
AGO 

68.5 73.3 73.3
Sub-Total 


20.7 20.7
Fuel Oil (Domestic) 26.0 
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TABLE 3.9-11
 

PROJECTED PRODUCT DEMAND
 

Kenya and Contiguous Market
 

1985 1986 1987 1988 1989 1990 1995
 

L76 25 26 27 28 29 30 38
 

Motor Gasolines 371 374 377 381 385 389 415
 

Kerosene 512 522 532 542 552 563 628
 

AGO 586 603 620 638 656 674 773
 

IDO 56 57 58 59 60 62 68
 

Fuel Oil (Domestic) 556 536 516 496 476 456 511
 

Bitumen 38 39 40 41 42 42 47
 

TOTAL 2140 2157 2170 2185 2200 2217 2480
 

Kenya Only
 

1985 1986 1987 1988 1989 1990 1995
 

LPG 24 25 26 27 28 29 36
 

Motor Gasolines 260 260 260 260 260 260 265
 

Kerosene 445 451 457 465 472 480 20
 

AGO 460 470 482 495 509 523 591
 

IDO 56 57 58 60 61 62 68
 

Fuel Oil (Domestic) 490 467 444 420 395 370 400
 

Bitumen 33 33 34 34 35 35 36
 

TOTAL 1768 1763 1761 1761 1760 1759 1916
 

(1)Demands for year between 1990 and 1995 to be obtained by exponential
 

interpolation.
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The relative constancy of the above percentages should be noted. Only the
 
fuel oil demand between 1985 and 1990 changes at all substantially. In
 
general, a refinery output designed for the 1995 product slate could be
 
directly pro-rated to the 1990 product slate with little loss of accuracy.
 
The No Investment Case with its high fuel oil production is even less
 
"eff'cient" for meeting the 
1990 and 1995 slates than it is for 1985 where
 
fuel oil represents a higher proportion of the market.
 

Refinery operations have been computed on the basis of the amount of crude
 
oil necessary in each Case to make the projected motor ga3oline, kerosene
 
and AGO demand for the particular year. The fuel oil for export is then
 
obtained by difference, after allowing for LPG, industrial diesel oil,
 
bitumen, domestic fuel oil, and refinery fuel and loss (different in each
 
Case).
 

3.9.3 No Investment Case Considerations
 

Since the No Investment Case is used as a reference, it is important to
 
decide how the No Investment Case (un-modified) refinery should be operated
 
during the intermediate years. There are two possible alternatives:
 

a) To apply the White Oil Rule strictly, which means running as much
 
crude oil as is necessary to meet the total white product demand up
 
to the limit set by the capacity of the existing refinery (3.886
 
million metric tons per year). Only when this limit has
 
been reached, would importation of white products (AGO) be
 
permitted.
 

b) To permit importation of white products (AGO) in the No Investment
 
Case well before the refinery capacity limit has been reached, in
 
order to reduce crude input rate and to reduce fuel oil exports.
 

Since this study has been based throughout on the assumption that the White
 
Oil Rule will be strictly applied wherever possible (see Section 1.2), the
 
first of the two alternatives has been adopted. In effect, no importation
 
of white products is permitted unless and until the maximum refinery crude
 
input rate has been reached. This case is of course presented for
 
comparison purposes only since it is recognized that if the refinery is not
 
zodified, operational practice will reflect the use of lighter crudes as
 
analyzed in Section 3.8.6 above.
 

Assuming the design crude chosen for comparative purposes during the "mixed
 
operation" periods immediately following start-up, linear proportional
 
mixing of the No Investment Case operation for the particular period with
 
the corresponding Case operation has been adopted. Where the No Investment
 
Case for the period includes some importation of AGO, the small pro-rated
 
amount of this import (shown in Table 3.9-111) could probably be eliminated
 
in practice by making minor increases to the crude input and to the
 
quantity of fuel oil for export. This assumes, of course, that the
 
operation of the new units is sufficiently flexible and there is sufficient
 
spare capacity to eliminate the small amount of AGO import imposed by the
 
No Investment Case operation.
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TABLE 3.9 - III
 

REFINERY OPERATIONS - 1985-1995
 

Basis: Kenya and Contiguous Market, 103 MT/YR
 
90% Arab Light/1O% Arab Heavy Crude Slate
 

1985 1986 1987 1988 1989 1990 1995 
No Investment Case 

Crude Oil 3750 3825 3886(1) 3886(1) 3886(1) 3886(1) 3886(1) 
AGO Imports nil nil 8 40 72 100 295 
F.O. Exports 1465 1530 1585 1600 1620 1630 1560 

Case 1 1/1/86 80% for 6 months 

Crude Oil 3750 3375 3390 3460 3530 3600 3886(1) 
AGO Imports nil nil nil nil nil nil 63 
F.O. Exports 1465 1085 1085 1135 1190 1260 1327 

Case 2 7/1/87 80% for 9 months 

Crude Oil 3750 3825 3595,(2 3260 3290 3350 3750 
AGO Imports nil nil 5 () 2(2) nil nil nil 
F.O. Exports 1465 1530 1295 945 955 1010 1110 

Case 3 7/1/87 80% for 1 year 

Crude Oil 3750 3825 3455 3275.(2 2935 3000 3350 
AGO Imports nil nil 5(2) 16(2) nil nil 
F.O. Exports 1465 1530 1140 950 565 590 665 

Case 3A 7/1/87 80% for 1 year 

Crude Oil 3750 3825 3390(2) 3175 (2 2750 2800 3150 
AGO Imports nil nil 5 16'' nil nil nil 
F.O. Exports 1465 1530 1075 850 350 415 460 

Case 4 1/1/88 80% for 1 year 

Crude Oil 3750 3825 3886 2720 2435 2450 2750 
AGO Imports nil nil 8(2) 8(2) nil nil nil 
F.O. Exports 1465 1530 1585 320 nil nil nil 

Notes: (1 Refinery maximum throughput
(2)See Appendix II, Section 3.9.3 for explanation. 
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All quantities have been finally rounded to the nearest zero or 5. Greater
 

precision does not seem to be warranted under the circumstances.
 

3.9.4 Refinery Operation--Kenya and Contiguous Market Demand
 

Data are presented in Table 3.9-111. The White Oil Rule is obeyed except
 
in the years 1987 through 1995 for the No Investment Case and for Case 1 in
 
1994 and 1995 where some importation of AGO is necessary. Projected
 
domestic product demand as given in Table 3.9-11 is met in all cases.
 

3.9.5 Refinery Operation--Kenya Demand Only
 

Data are presented in Table 3.9-IV. The White Oil Rule is obeyed in all
 
years thr( hout, including the No Investment Case. Projected domestic
 
product dL".nd, as given in Table 3.9-IV, is met in all cases.
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TABLE 3.9-Ifl 

RE'INERY 0PERATIOS 1985-1995 

BASIS: Ken'a Orly, 103 M1.',"a
 

1985 198b 1987 1988 1989 1990 1993
 

No Investment Case
 

Crude Oil 2975 3015 3060 3115 3165 3225 3510
 

AGO Importc nil nil nil nil nil nil nil
 

F.1. Export 1100 113C 1180 1230 ±285 1340 1465 

Case 1 

,..;:'ide O1 ?97 2655 2655 270() 2750 2800 3050 

[.0. Export 11O 765 765 810 860 910 1000 

Case 2
 

Crude Oil 2975 3015 2825 2550 2560 2610 284.9
 

F:.O. Export 1100 1130 94" 660 670 715 785
 

Ca.se 3 

Crude Oi 2975 3015 2720 2335 2290 2330 2540
 

F.O. Export 1100 .130 825 430 375 415 450
 

Case 3A
 

Crt'de Oil 2975 3015 2665 2215 2155 2190 2385
 

F.O. Export 1100 1130 770 300 230 265 290
 

Case 4
 

Crude Oil 2975 3015 3060 2185 1950 1950 2125
 

F.O. Export 1100 1130 1180 nil nil nil nil
 

(1 )White Oil Rule applies throughout. No AGO Imports in any year. 

(2)Full projected product demand is met in all cases
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3.10 BLACK OIL RULE
 

The term "Black Oil Rule" has been coined to represent the opposite of the
 

more familiar "White Oil Rule" (see Section 1.4). Under a Black Oil Rule,
 

the existing EAOR Refinery would be operated on only just-sufficient crude
 

oil to meet the projected local demand for black-oil products (domestic
 

fuel oil, industrial diesel oil, bitumen and refinery fuel oil but
 

excluding any fuel oil for export). Under a "Black Oil Rule" regime,
 

production of white oils (LPG, motor gasoline, kerosene and AGO) would,
 

naturally, be far below the projected demand and the deficiencies would be
 

made up by importation of these products as required. No new process units
 

would be added to the refinery.
 

The results of application of the Black Oil Rule to the existing EAOR
 

Refinery for the years 1985 through 1995 are shown in Table 3.10-1, basis
 

Kenya and contiguous market projected demand, and in Table 3.10-11, basis
 
Kenya-only projected demand.
 

3.10.1 Refinery Operation
 

Tt was decided to maximize kerosene yield in all cases. Since crude oil
 

input is very low 11,000 to 1,300 x 10 MT/YR, see below), there is
 

plenty of kerosene treating capacity available in the refinery. It is
 

proposed to operate Complex II only, with Complex I shut down except for
 

the HDS treating capacity. The latter will be utilized exclusively for
 

kerosene HDS treating (production is in the order of 670 MT/SD), leaving
 

tfhe 800 MT/SD kerosene HDS unit in Complex II available for treating LGO.
 

This is a similar situation to Case 1, Merox unit (see Section 3.6.1) and
 

the same CDU yields have, therefore, been adopted for the Black Oil Rule
 

case. It is probable, however, that the actual yield of specification LGO
 

might be somewhat higher due to the very low refinery throughput, i.e., a
 

groater proportion of the total LGO can be HDS treated in the Complex II
 

HDS unit.
 

The CDU yields used for the Black Oil Rule case are as follows:
 

Product On Crude Oil
 

(% wt)
 

Gas 0.63
 
Butane 0.91
 

Tops 3.61
 

Naphtha 8.19
 
Kerosene 17.891
 

LGO 15.78
 

HGO 8.87
 
Long Residue 44.12
 
Total 10.00
 

Note: Assumes availability of 500 MT/SD of LGO HDS treating
 

capacity in Complex II, to make AGO of 1.0% (max) sulfur
 

content.
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TABLE 3.10 - I 

MATERIAL BALANCE 

BLACK OIL RULE - KENYA AND CONTIGUOUS MARKET; 103MT/Y 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

I.D.O. 56 57 58 59 C0 62 63 64 65 66 68 
Bu-anes 38 39 40 41 42 42 43 44 45 46 47 

F.O. (Domestic) 556 536 516 496 476 656 466 477 488 499 511 
Ref. F.O. 60 60 60 60 60 60 60 60 60 60 60 
Sub Total 690 672 656 636 618 600 612 625 638 651 666 
Crude 0il 1300 1270 1235 1200 1165 1135 1155 1180 1210 1230 1255 

W.O. PRODUCTS 

LPG 
Demand 25 26 27 28 29 30 31 33 35 36 38 
Products 14.5 14 13.5 13.5 13 12.5 13 13 13.5 14 14 
Import 11.5 12 14.0 15.0 16 17 18 20 22 22 24 

Mogas 
Demand 371 374 377 381 388 389 394 399 404 409 415 
Product 132 129 125 122 118 115 117 120 123 125 127 
Import 239 245 252 259 267 274 277 279 281 284 288 

Kerosene 
Demand 512 522 532 542 552 563 575 588 601 614 628 
Product 233 228 221 215 208 203 207 211 216 220 225 
Import 279 294 311 327 344 360 368 377 385 394 403 

AGO 
Demand 580 603 620 638 656 674 694 714 734 753 773 

Product 205 200 195 189 184 17,9 182 186 191 194 198 
Import 375 403 425 449 472 495 512 528 543 559 575 
Design 305 0 128 440 72 100 124 154 191 237 295 
A 375 403 417 409 400 395 388 374 352 322 280 



TABLE 3.10 - II
 

BLACK OIL RULE - KENYA ONLY, 103 KT/YR
 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

I.D.O. 56 57 58 60 61 62 63 64 65 67 68 
Butanes 33 33 34 34 35 35 35 35 36 36 36 
F.O. (Domestic) 490 467 444 420 395 370 375 381 387 393 400 
Ref. F.O. 40 40 40 40 40 40 40 40 40 40 40 
Sub Total 619 597 576 554 531 507 513 520 528 535 566 
Crude Oil 1170 1130 1090 1045 1000 960 970 900 995 1010 1030 

LPG 
Demand 24 25 26 27 28 29 30 31 32 34 36 
Production 13 13 12 12 11 11 11 11 11 11 12 
Import 11 12 14 15 17 18 19 20 21 23 24 

Hogas 
Demand 260 260 260 260 260 260 261 262 263 266 265 
Production 119 115 ill 106 102 98 99 99 101 103 105 
Imports 141 145 149 154 158 162 162 163 162 161 160 

Kerosene 
Demand 445 451 457 465 472 480 487 495 503 511 520 
Production 210 202 196 187 179 172 174 176 179 181 1B5 
Imports 235 249 261 278 293 308 313 319 324 330 335 

AGO 
Demand 460 470 482 695 504 523 535 548 562 576 591 
Production 185 179 171 165 159 152 153 155 157 160 163 
Imports 275 291 311 330 345 371 382 393 405 416 428 



3.10.2 Crude Oil
 

It is assumed that all the HGO and all the long residue will go to black 
oils. Total yield is 8.87 plus 44.12 = 52.99% wt. Black oils consist of
 
industrial diesel oil, domestic fuel oil, bitumen and refinery fuel oil.
 
Except for refinery fuel oil, quantities are defined by the projected
 
demand in each particular year. For simylicity, refinery fuel oil
 
consumption has been assumed to be 40 x 10 MT/yr in all years. This
 
leads to total refinery fuel (gas plus oil) in the order of 5% wt. on crude
 
oil, somewhat higher than at present but justified by the very low refinery
 
throughputs when the Black Oil Rule is applied, i.e., 26% to 34% of
 
refinery capacity.
 

The totals of black oils for each year are shown in Tables 3.10-1 and
 
3.10-11. Crude oil inputs are determined by dividing these totals by 0.53.
 

3.10.3 White Oils Production
 

The production rates of kerosene and AGO are obtained by applying the 
appropriate percentage yields given above to the crude oil rates determined 
in Section 3.10.2. Yield of motor gasoline is taken as: tops equals 3.61% 
wt. plus naphtha 8.19 x 0.8 = 6.55% wt., where 0.8 is yield of platformate 
on naphtha. Total motor gasoline yield is 3.61 (tops) plus 6.55
 
(platformate) = 10.16 wt. on crude oil.
 

Yield of LPG is taken as 0.91 plus 0.025 x 8.19 = 0.91 + 0.2 = 1.12% wt. on 
crude oil, where 0.025 is yield of LPG on naphtha in Platforming. Yield of 
refinery gas is 0.63 + 0.175 x 8.19 = 0.63 + 1.43 - 2.06% wt. on crude oil 
where 0.175 is the yield of gas on naphtha in Platforming. 

The finished proudct yields under the Black Oil Rule can be summarized as
 

follows:
 

Finished Product On Crude Oil 
(%wt.) 

Refinery Fuel Gas 2.06
 

LPG 1.12
 

Motor Gasolines 10.16
 

Kerosenes (0.25% wt. "S" max.) 17.89
 

AGO (1% wt. "S" max.) 15.78
 

Black Oils 52.99
 

Total 100.00
 

The above figures are approximate but arR considered precise enough for the
 
present purpose. The AGO yield may be a point or two low and the black 
oils a point or two high.
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3.10.4 Bitumen
 

It should be noted that bitumen production is assumed to be adequate in all
 

Cases, although in fact there is a small deficiency in some years in the
 

amount of Arabian Heavy crude available for bitumen manufacture (see Table
 

3.10-111).
 

Yield of bitumen on Arabian Heavy crude is approximately 3% wt.,
 

equivalent to 3.4% wt. on the mixed crude used in the present study. Thus,
 

In 1995 for the Kenya and contiguoul market, crude oil is 1,255 x 103
 

MT/yr and bitumen yield is 43 x 10 MT/yr, as compared with 47 x I0
 

that MT/yr
MT/yr projected demand. It is assumed the missing 4 x 10 


could be made from Arabian Light crude. Alternatively, this s'all amount
 

of bitumen could be imported.
 

3.10.5 Hydrogen Balance
 

Typical case would be 1995 for Kenya and contiguous market, se Table 

3.10-1. Naphtha to Platforming is 1,255 x 0.0891 = 112 x 10 MT/yr. 

Hydrogen balance is then as follows (see also Section 3.6.3). 

Quantity Hydrogen H drogen
 

(10: MT/yr) (% wt) (0- M/yr)
 

Production
 
S-R Naphtha Reforming 112 1.330 1.490
 

Consumption
 
S-R Naphtha HDS 112 0.094 0.105
 

0.230
S-R Kerosene HDS 225 0.120 


S-R LGO HDS 
 167 0.185 0.310
 

Total 504 (0.128) 0.645
 

H2 utilization = 0.645/1.49 = 43% 

The above hyd'rogen utilization is higher than the figure of 31% for Case 1
 

(see Section 3.6.3). due to treating a greater proportion of LGO in the
 

Black Oil Rule case.
 

3.10.6 Product Imports
 

As shown in Table 3.10-1, the amount of total product imports in the Black
 

Oil Rule Case is very large, in the order of 1,290 million vnetric tons per
 

year in 1995. There is considerable doubt whether the existing product
 

import facilities could handle this quantity without substantial
 

investment. This subject requires further study.
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TABLE 3.10 - III 

BITUMEN DEFICIENCIES* 103 MT/YR 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1991 1995 

Kenya and 
Contiguous Model 

Crude Oil 
Bitunten Productivity 

Bitumen Demand 
Bitumes Deficiency 

1300 
44 

8 
rV.1 

1270 
43 
39 

nil 

1235 
42 
40 

nil 

1200 
41 
41 

nil 

1165 
40 
42 
2 

1135 
39 
42 
3 

1155 
39 
43 
4 

1180 
40 
44 
4 

1210 
41 
45 
4 

1230 
42 
46 
4 

1255 
43 
47 
4 

Kenya Only 

Crude Oil 
Bitumen Productivity 
Eitumen Demand 
Bitumen Deficiency 

1170 
40 
33 

nil 

1130 
38 
33 

nil 

1090 
17 
34 

nil 

10'.1 
36 
34 

nil 

1000 
34 
35 
1 

960 
33 
35 
2 

970 
33 
35 
2 

980 
34 
35 
1 

995 
34 
36 
2 

1010 
34 
36 
2 

1030 
35 
36 
1 
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Arthur D Little,Inc. ACORN PARK -CAMBRIDGE. MA 02140- (617) 864-5770 -TELEX 921436
 

O'ctober 4, 1982 

LETTER SENT TO PROCESS LICENSORS
 

We are currently involved in a job that is funded by Aid to Developing
 
Nations (AID) to develop possible process schemes to upgrade the Mombasa
 
Refinery in Kenya. Once this preliminary study is complete, it appears
 
that the World Bank will fund a one to two million dollar engineering
 
study to look at the most promising process option.
 

To date, we have identified five potential process options that look
 
attractive for the refinery. They are:
 

" 	A new MEROX unit (or equivalent),
 

" 	A new S-R LGO Hydrotreater, 

" 	A new Thermal Gas Oil unit plus a new S-R LGO Hydrotreater
 

" 
A new Thermal Gas Oil unit plus a new S-R/T-C LGO Hydrotreater
 
plus a small hydrogen plant,
 

" 	A new Vacuum Distillation unit plus a Hydrocracker for processing
 
vacuum gas oil plus a Hydrogen plant and power generation facilities.
 

Attached herewith is a short description of each csse. We would like to
 
obtain capital as well as operating coqts for each one. In all cases we
 
would like costs for the design capacity and not the calculated capacity.
 
The estimated yields given are our best guess and should be adjusted to
 
suit your process. These costs are to be in 1982 dollars and are based on
 
a U.S. Gulf coast location. Since this is only a preliminary cost study
 
we would like tie cost estimates to be in the range of ±20 to 30%. Also,
 
any information on a location factor for Kenya would be appreciated. We are
 
currently using 1.35.
 

III-A-l
 

CAMBRIDGE MASSACHUSETTS 

ATHENS BRUSSELS LON"..N MADRID PARIS RIO DE JANEIRO SAN FRANCISCJ3 SlAO PAULO TOKYO TORONTO WASHINGTON WIESBADEN 



-2-


We would like to have your responser- to these case studies by the end of the
 

third week in October. Should you have any questions or need further
 

clarification, please do not hesicate to call me at (617) 864-5770 ext. 5821.
 

Thank you for your time and cooperation.
 

Best regards,
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CASE 1 

This case involves a new MEROX (or equal) kerosene sweetening 
unit.
 

1. Crude Oil
 

10% wt. Heavy Arabian
 

90% wt. Light Arabian
 

2. Feedstock uality
 

TBP*F 285 - 480
 
13%-31% wt.
Location in (mixed) crude. 


Specific gravity - 0.78 (API* - 49.9)
 

Sulphur % wt. 0.18 (avg.)
 

3. Product uality
 

Doctor Test - negative
 

Mercaptan Sulphur - 0.001 (max)
 

Maximum Sulphur - 0.25% wt.
 

Suitable for use as either:
 

a) Illuminating kerosene
 
b) Aviation Turbine Fuel
 

4. 	Capacity
 

Calculated Design
 

1,000
MT/SD 800 

Bbs /SD 6,500 8,100
 

5. 	Data Requested
 

D&E U.S. Gulf
 
a) Capital cost in 1982 dollars (inside B.Lo), 


Coast, including interconnected piping; broken down 
into
 

materials, engineering, labor, royalties, and 
initial cata-


Scale factors should be provided.
lyst charge. 


b) Material balance
 

c) Utilities balance, basis max electric drive, max 
air cooling.
 

d) Operating costs, labor, catalyst, and chemicals
 

e) Inspection data on products
 

Offsites factor assuming shared offsites (space 
available


f) 

in existing control room).
 

A Arhu D. Ltte, Ic. 
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CASE 2
 

This case involves a new straight-run light gas oil hydrotreating unit.
 

1. Crude Oil
 

10% wt. Heavy Arabian
 
90% wt. Light Arabian
 

2. Feedstock Quality
 

TBP OF 460 - 660
 
Location in (mixed) crude 32% - 52% wt.
 
Specific gravity - 0.86 (API0 - 33.0)
 
Sulphur % wt. 1.55 (avg.)
 
Cetane Index = 59
 
Nitrogen, ppm - 42
 

3. Product Quality
 

Product to meet specs for automotive gas oil.
 
Sulphur content - 1.0% wt. (max)
 
Cetane Index - 45 (min)
 
Copper Strip - #1 strip
 

4. 	Capacity
 

a) Total material to be treated is as follows:
 

Calculated Design 

MT/SD 2,308 2,540 
Bbs/SD 16,900 18,000 

b) Licensor is to advise best way of treating feed, i.e.,
 
whether to treat whole quantity down to 1.0% wt. sulphur,
 
or, alternatively, to treat part of the total down to a
 
lower sulphur content and then blend back with untreated
 
balance to the 1% wt. sulphur specification (see attached
 
sketch).
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5. 	Data Requested
 

a) 'Capital cost in 1982 dollars (inside B.L.), D&E U.S. Gulf
 

Coast, including interconnected piping; broken down into
 

materials, engineering, labor, royalties, and initial cata

lyst charge. Scale factors should be provided.
 

b) 	Hydrogen required. Hydrogen is to be obtained from Plat

former and will be in cascade from naphtha hydrotreater.
 
Hydrogen purity 70 molZ.
 

c) 	Material balance, including product qualities needed for
 

blending to automotive gas oil.
 

d) 	Operating costs, labor, catalyst, and chemicals
 

e) 	Utilities balance, basis max electric drive and max air
 

cooling
 

f) 	Approximate operating conditions such as temperature,
 

pressure, space velocity, etc.
 

g) 	Approximate size and weight of main reactor vessels
 

h) 	Offsites factor assuming shared offsites (space available
 

in existing control room)
 

6. 	Other Questions
 

Would the above HDS unit be able to meet the 1.0% S spec if
 

the feed to the unit was 16,900 blb/sd of 1.75% S? What
 

would be the impact on the catalyst usage and utility balance?
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18,600Bbs/S-R LIGHT GAS OIL w 
18,600 Bbs/Day HYDROTREATER 18,600 Bbs/Day 
1.55 wt. %5 .i0wt. % S 

Hydrigen
 

FIGURE III-A-1 CASE 12 NEW S-R LIGHT GAS OIL HYDROTREATER 



CASE 3
 

This case involves the following new process units;
 

a) 	Two-stage thermal gas oil unit for processing atmospheric
 

long residue from existing CD units.
 

b) 	Hydrotreating unit for straight-run light gas oil (AGO)
 

I. 	TGO UNIT
 

1. 	Crude Oil
 

10% 	Wt. Heavy Arabian
 
90% 	Wt. Light Arabian
 

2. 	Feedstock Quality
 

Long Atmospheric Residue
 
T.B.P. - 700*F +
 
Location in mixed crude 56% - 100% wt.
 
Specific gravity - 0.97 (API0 - 14.4)
 
Sulphur % wt. - 3.5 
Con. Carbon % wt. - 9.4
 
Kinematic viscosity (CS)
 

@ 100*F - 750
 
@ 210°F - 30
 

Vanadium, ppm ,40
 
Nickel, ppm =11
 

3. 	Operation
 

a) 	Combination of (1)long residue visbreaking (with soaking
 
drum), and (2)heavy gas oil (700-1000°F) recycle crack
ing to extinction in a separate heater.
 

b) 	Operation to be for maximum middle distillates (kerosene
 
and light gas oil) and mimium gasoline.
 

c) 	Suggested yields (to be adjusted by Licensor if necessary)
 
are as follows:
 

Product % wt. of Feed
 

3.2
C3 

Butanes 	 0.6
 
C5-150*F (Tops) 	 2.7
 
Naphtha (150-280*F) 5.6
 
Kerosene (280-480*F) 5.8
 
Light Gas Oil (480-700°F) 20.0
 
Heavy Gas Oil (700-1000F) nil
 
Residue (1000"F+) 	 62.1
 

Total 	 100.0.
 

/L Arthur D. Lttle, Inc.
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4. Capacity
 

Calculated Design 

MT/SD 
Bbs/SD 

4,180 
27,150 

4,578 
30,000 

5. Data Requested 

a) 	Full inspection data on products as per attached
 
Table 1.
 

b) 	Hydrogen consumption for HDS treating of T-C kero

sene and T-C Naphtha to 0.25% S (max).
 

c) 	 Capital cost in 1982 dollars (inside B.L.), D&E U.S.
 

Gulf Coast, including interconnecting piping, broken
 

down into materials, engineering, labor, royalties,
 

and initial catalyst charge. Scale factor should be
 

included.
 

d) Material balance and yield data including product
 
qualities.
 

e) Utilities balance, basis max electric drive and max air
 

cooling.
 

f) 	Operating costs, labor, catalyst, and chemicals
 

g) 	Approximate operating conditions such as temperature,
 

pressure, space velocity, etc.
 

h) 	Offsites factor assuming shared offsites (assume stand
alone control room)
 

II, HDS UNIT FOR S-R LGO
 

This unit is exactly similar to the unit described in Case
 
2, with the exception of capacity, which is as follows:
 

Calculated Design
 

MT/SD 2,125 2,376
 

Bbs/SD 15,550 17,100
 

Licensor is requested, as for Case 2, to determine how much of
 

total feed should be treated.so that the combined product will
 

meet 1.0% wt. sulphur.
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TABLE III-A-I 

CASE #3: DESIRED PRODUCT QUALITIES 

cut APIO Wt. % S Wt. % N RON/MON (C1/3) RVP PONA 
Cetane 
Index 

Smoke 
Point 

Viscosity 
Cs @ 100*F Cs @ 210OF 

rops (C5 -150°F) / / / / / __ 

Naphtha 
(150-280"F) / / / / / / 

Kerosene 

(280-480°F) 

LGO (480-7000F) 

/ 

/ 

/ 

/ / 

-

/ 

/ / 

/ 

-

__ 

Residue 
(1,000-F+) / /-1 / / 

t-4H 
H
H> 

I. 



CASE 3A
 

This case involves the following new process units:
 

a) 	Two-stage Thermal Gas Oil unit for processing atmospheric
 

long residue from existing CD units.
 

b) 	Hydrotreater (RDS unit) treating mixture of straight-run
 

gas oil (AGO) and thermally-cracked gas oil.
 

c) 	Small hydrogen plant, perferably of package design.
 

Feedstock to hydrogen plant would be desulphurized
 

refinery gas.
 

I. 	TGO UNIT
 

This unit is exactly the same as for Case 3 except for slightly
 

reduced capacity, as follows.
 

1. 	Capacity
 

Calculated Design
 

MT/SD 3,767 4,143
 
Bbd/SD 24,500 27,000
 

II. 	GAS OIL HYDROTREATER
 

1. 	Feedstock Qality
 

Feedstock will be a blend of S-R gas oil with sufficient
 

thermally-cracked oil (from the TGO unit, Item I above)
 

to meet requirements for AGO. The balance of the T-C gas
 

oil 	(442 MT/SD based on our yields) will go directly to
 

fuel oil and will not be hydrotreated.
 

Composition of feed will be 	as follows:
 

Calculated MT/SD % wt. S, % wt.
 

S-R Gas Oil (2100-350°C) 1,996 86.5 1.58
 
T-C Gas Oil (210*-350*C) 311 13.5 2.131
 

Total 2,307 100.0 1.63
 

IEstimated value and should 	be adjusted by vendor.
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Quality of the S-R gas oil will be as given in Case 2. Quality of the
 

T-C gas oil will be as produced from the T.G.O. unit (Item I above).
 

2. 	Product Quality
 

Product must meet specs for A.G.O.
 

Sulphur, Z wt. 1.0 (max)
 
Cetane No 45 (min.)
 

3. 	Capacity
 

Calculated Design
 

MT/SD 2,307 2,570
 
Bbs/SD 16,700 18,600
 

III. IYDOGEN PLANT
 

This unit is to be a "package" type of plant. Feedstock is to be
 

desulphurized refinery fuel gas. Capacity should be matched to
 

the gas oil HDS unit above.
 

Estimated Capacity is 	3 MT/SD (1.24 MMSCF/SD)
 

IV. 	 DATA REyMIRED
 

For each unit separately:
 

a) Capital cost in 1982 dollars (inside B.L.), including
 
interconnecting piping, D&E US Gulf Coast; broken down
 
into ma~erials, engineering, labor, initial catalyst
 
charge, and royalties.
 

b) Scale factor should be given
 

c) Material balance, including product qualities as per
 
Table 1A attached.
 

d) Utilities balance, basis max electric drive and max
 

air cooling.
 

e) Operating costs, labor catalysts, and chemicals.
 

f) Approximate operating conditions, i.e., temperature,
 
pressures, recycle rate, etc.
 

g) Approximate size and weight of big vessels such as
 
reactors.
 

h) 	Offsites factor assuming shared offsites (assume
 

stand alone control room).
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1. Other Questions
 

Would the above HDS unit be able to meet the 1.0% S
 
spec if the feed to the unit was 14,000 Bbs/SD of
 
LGO at 1.75% and 2,250 Bbs/SD of TGO at 2.4% S? What
 
would be the impact on the catalyst usage and utility
 
balance?
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Light Ends 
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~30,000 

>1Bbs/SD 
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FIGURE III-A-2 CASE f3A NEW THERMAL GAS OIL UNIT PLUS S-R/T-C LGO HYDROTREATER 



TABLE III-A-2 

CASE STUDY #3A DESIRED PRODUCT QUALITIES 

Cut API0 Wt. % S Wt. % N RON/MON (Cl/3) RVP PONA 

Cetane 

Index 

Smoke 

Point 

Viscositv 

CS @ IO0F CS @ 210OF 

Tops (C5 -150-F) 

Naphtha (150-280°F) 

/ 

/ 

/ 

/ 

I 

/ 

// 

/ / 

--

/ 

--

-

-- --

Kerosene 
(280-4800F) 

LGO (480-700°F) 

HDT LGO (480-vO 0 F) 

Residue (1,0000 F) 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

--

/ 

,/ 

,/ / 

/ 

,/ 

/ 

-

-

-

/ 

I=4 
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CASE 4
 

This case involves the following new major processing facililies:
 

a) 	Vacuum Distillation unit for processing the long
 
atmospheric residue from existing Co units.
 

b) 	Hydrocracker for processing vaLuum gas oil. Op
eration to be single-stage, maximum middle-dis illates
 
production.
 

c) 	Hydrogen plant to supply hydrogen to the above hydro
cracker. Unit to use stcam-reforming process with
 
desulphurizedi S-R C5-180*F ac feedstock.
 

d) 	Amine gas-scrubbing system, plus two (2) (Claus)
 
su'phur plants, (each 60% of required capacity).
 

e) 	Power generation facility, using oil-fired 'oilers
 
and condensing-steam turbine cycle, with extraction
 
of process stea. Currently, refinery is supplied
 
with power from local grid, but reliability of this
 
system is not considered adequate for operation of
 
hydrocracker and H2 plant, although satisfactory for
 
cases #1 - 3A.
 

I. 	VACUUM DISTILLATION UNIT
 

This unit will not be heat integrated with existing CD units.
 

1. Crude Oil 

10% wt. Heavy Arabian 
90% wt. Light Arabian 

2. Feedstock Quality 

a) Composition % wt 

Light Arabian Long Resid 
Heavy Arabian Long Resid 

Total 

93.3 
6.7 

100.0 

Note: Some heavy Arabian long residue has been
 
used for bitumen manufacture
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b. 	Properties
 

TBP above 700*F 
Location in mixed crude 56% to 100% wt. 
Specific gravity 0.97 (API* - 14.4) 
Sulphur % wt. 3.4 
Total nitrogen 2,000 ppm 
Con Carbon, % wt. 9.4 
Kinematic viscosity (CS)
 

@100 0 F 	 750 
@210F 30
 

Vanadium, ppm 40
 
Nickel, ppm 11
 

3. 	Capacity
 

Calculated Design
 

MT/SD 3,367 4,040
 
Bbs/SD 22,500 27,000
 

4. 	Product Qualities
 

a. 	Feedstock should be well fractioned to avoid entrainment
 
in order to reduce nitrogen and metals content of vacuum
 
gas oil to a minimum.
 

b. 	Suggested TBP cut temperature is 1000°F (538°C), but li

censor should advise. Vac G.O. must be suitable for H-C
 

unit feed.
 

c. 	Estimated yields (basis 1000*F cut point) are as follows,
 

on long residue:
 

% Wt.
 

Vacuum Gas Oil 57.0
 

Short Residue 43.0
 
Total 100.0
 

5. 	Data Required
 

See 	Item VII below
 

IIM. HYDROCRACKER
 

1. 	Feedstock Quality
 

Licensor to advise. Feedstock to be vacuum distillate
 

from Unit No. r above.
 

IBefore removal of bitumen feedstock. 	 A ArthurD.Little, Inc. 
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2. 	Capacity
 

Note design capacity of the unit is less than the maximum
 

amount of vacuum gas oil produced by the design conditions
 
of Unit No. 1.
 

Calculated Design
 

MT/SD 2,075 2,195
 
Bbs/SD 13,835 15,000
 

3. 	Operation
 

a. 	Maximum yield of middle distillates
 

b. 	Single stage
 

c. 	75% recycle (suggested)
 

d. 	Licensors are free to adjust above as needed
 

4. 	Estimated Yield on VGO
 

Hydrogen - 2.7% wt. on feed (1,623 scf/bbl).
 

Yield Wt %
 

H2S+ NH3 2.6
 
C1-C 3.3
 
Butanes 1.0
 
C -l50*F (Tops) 4.0
 

130OF-280*F'(Naphtha) 15.2
 
22.2
280*F-480*F (KercJene) 


480*F-7000 F (AGO) 56.4
 
Total 102.7
 

5. 	Product Qualities
 

Licensor should report inspection data on all products,
 

as shown in Table 1. Freezing point on kerosene should
 

also be given.
 

6. 	Data Required
 

See Item VII below
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III. HYDROGEN PLANT
 

This plant uses steam reforming and will be designed for desulphur

ized naphtha feed. Fuel (to heater) will be sulphur-free refinery
 

gas.
 

1. 	Feedstock Quality
 

Hydrotreated, S-R C5-180°F material
 

2. 	Capacity
 

Adequate to supply above hydrocracker. Licensor free to adjust
 

capacity as needed.
 

Calculation Design
 

MT/SD (Production) 54.0 65.0
 

MMSCF/SD (Production) 22.5 27.0
 

3. 	Product Quality and Conditions
 

a) to be suitable for use in hydrocracking
 

b) to be delivered at suitable pressure for supply to
 

hydrocracker compressor inlet.
 

4. 	Data Required
 

See Item VI below.
 

IV. 	 AMINE SCRUBBING FACILITY
 

Capacity shall be adequate to scrub the off-gas from the hydro
cracker, with 20% over-capacity , System should include central
 
amine stripping tower with one or more absorbers.
 

V. 	SULPHUR (CLAUS) UNIT_
 

Two (2) Claus units shall be provided, each having 60% of the total
 

design capacity. Suggested design capacity is 31.5 MT/S" of sul

phur for each unit.
 

VI. 	POWER GENERATION FACILITY
 

The facility is to be sized to supply power and process steam
 

requirements for the new group of units only, excluding its ex

isting refinery. Facility should include two (2) boilers, two
 

(2) extraction condensing type turbines, boiler feedwater pipes,
 

water treatment, deaerating cooling tower, etc.
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VII. 	 DATA REQUIRED
 

a) Capital cost in 1982 dollars (B.L.), D&E U.S. Gulf Coast;
 
broken down into materials, engineering, labor, initial
 
catalyst charge, and royalties.
 

b) Scale factor should be provided
 

c) Material balance, including product qualities
 

d) Utilities balance, basis max electric drive and max
 

e) Operating cost, labor, catalyst, and chemicalR
 

f) Approximate operating conditions, i.e., temperature, pres
sures, recycle rates, etc.
 

g) Approximate size and weight of big vessels such as reactors
 

h) 	Offsites factor assuming dedicated off-sa.o,
 

For 	the group of new units:
 

a) 	Capital cost of all inter-connected piping
 

b) 	Capital cost of bunker-type control room serving all the
 
new units, with additional panel to service new power
 
generation facilities.
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TABLE III-A-3 

cut 

Tops (C5-150'F) 

API' Wt. % S 

/ 

Wt. Z N 

/ 

CASE #4: DESIRED PRODUCT QUALITIES 

Cetane 

RON/MON (C1/3) RVP PONA Index 

V/ / .. ... 

Smoke 

Point 

Viscosity 

Ca @ 100*F Cs @ 210*F 

Nap 
(150-2800F) / / / / / / 

Kerosene 
(280-480-F) 

LGO (480-7000F) 

/ 

/ 

/ 

/ 

-

--

--

/ 

/ 

-

/ __ 

--

Residue 
(1,oooF+) / / / / / 

IS 

0 
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TABLES FROM CAPITAL COST PRESENTATION
 

November 1982
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CASES STUDIED
 
CAPACITIES OF PROCESS UNITS
 

CALCULATED 

MT/SD BPSD 


CASE 1:
 

Merox Unit 


CASE 2:
 

LGO HDS Unit 


CASE 3:
 

T-C Unit 


LGO (S-R) HDS Unit 


Amine (H2S) Scrubbing 


Sulphur (Claus) 2 units 

(Production)
 

CASE 3A:
 

T-C Unit 


800 


2308 


4180 


2125 


-


-


3767 


6500 


16900 


27150 


15550 


-


-

24500 


LGO (S-R/T-C) HDS Unit 2307 16700 


Plant (Production) - -
H2 


Amine (H S) Scrubbing  -

Sulphur iClaus) 2 units - -


CASE 4:
 

Hydrocracker 2075 13835 


Vacuum Unit 3367 22500 


H2 Plant (Production) 54 


H2S Scrubbing (Amine) - -


Sulphur (Claus) 2 units 

(Production)
 

DESIGN
 
MT/SD BPSD
 

1000 8100
 

2540 18000
 

4578 30000
 

2376 17100
 

As required
 

31.5 (each)
 

4143 27000
 

2570 18000
 

3.0 1.24 MMSCF/SD
 

As required
 

31.5 (each)
 

2195 15000
 

4040 27000
 

65 27 MMSCF/SD
 

As required
 

31.5 (each)
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DATA PROVIDED TO LICENSORS
 

By
 

Arthur D. Little, Inc.
 

* Crude Oil Slate
 

* Process 	Description Incluling Unit Capacities
 

Case Number New Units Design Capacity(Bbl/SD)
 

1 Kerosene Merox 8,100
 

2 S-R LGO Hydrotreater 18,000
 

3 TGO Cracker 	 30,000
 

S-R LGO Hydrotreater 	 17,100
 

Amine and Sulfur Plant 	 63 MT/SD*
 

3a 	 TGO Cracker 27,000
 

S-R/T-C LGO Hydrotreater 18,000
 

Hydrogen Plant 	 3 MT/SD
 

Amine and Sulfur Plant 63 MT/SD*
 

4 Vacuum Tower 27,000
 

VGO Hydrocracker 	 15,000
 

Hydrogen Plant 65 MT/SD
 

Amine and Sulfur Plant 63 MT/SD*
 

* Feedstock Qualities to each Unit
 

• Desired Product Qualities from each unit
 

* Desired Yield Data on each unit where applicable
 

Note: 	 See Appendix III.A for copy of case description packages sent to
 

the process licensors.
 

* Represents sulfur productlon in Metric Tons per stream day. 
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* 	 CAPITAL COST ESTIMATES (1982 Dollars ISBL; USCC) (Millions)(ab)
 

(I'1H 	 1NI'-.'r.NI l.r I|1\NIS I -)V 	 I'XIowIC'S IRTMIR ' V )
110113I.'"KIPTIONWII:I.I-E I.IM. US ON (:-N.SUI.ANr CONSIA. SEIRVICE .IT F I1I11W.I'.I.NI3J,i:. 

2.5 ( g) 
1.5 1.4 0.8 2. 5
 

- En'gineer ing 0.5 0.3 -- 0.4 0.) 0.2 0.4
 

0.8 0.5 	 0.4 0.6 0.2 0.8- Labor 
- .aterial4 c. Equipment 	 1.2 0.7 -- 0.6 1.3 0.4 .1

2.6 0.8 2.52.5 1.5 -- 1.4TOTAL 

Z (A)CASE 
( d )  ( i )  ( d )  

:1:0Hydrotreater 16.6 11.5 9.1 7.3 17.3 11.8 15.2
 
- Englcering 4.3 2.0 1.8 1.5 1.5 2.5 2.3
 

Labor 5.0 3.5 2.9 2.3 4.7 3.6 4.9
 
- Materials 7.3 6.0 4.4 3.5 n.1.5.7 8
 

TOTAL 	 16.6 11.5 9.1 7.3 7. 11.8 15.2
 

a.SE 3 (B)
 

;'0 CrAcker 	 43.2 34.7 28 3 33.4 36.3 30.6 34.4
 
15.8 .1(d) 4 7.1 16.5 13.6 15.3
;.;0H.vdrotrvater 11	 8.0
.4 1.6
8.2 


Sulfur Plant (rncludes Scott Treating) 8.5 W.n 

m
 6.5 14.2 3.4 11.8
 

.-nine Treating 	 2.3 3.4( ) 2.8 

55.6
 

.,)TA; 69.8 57.2 47.7 61.% 67.0 .61.5
 
- Engineering 12.6 7.4 9.5 - 5.0 Ii.- 9.2
 
- Labijr 24.4 20.0 14.3 19.3 19.6 17.7 10.7
 
- Materials 32.8 29.8 23.9 29.2 42.4 26.7 32.6
 

WC\%S::3A 

.0., Cr.cker 	 40.1 31.6 26 3 31.6 34.1 28.8 32.1k )  
':XOHvdrotrvater 	 b.6 24.9 9 1(g 13.9 17.1tg  14.1 g 15.4 
.. droen Plant 	 3.4 2 111 2 2 2 2618 2.6 1.9 2.5 

Sulfur Plant (Includes Scott treating) 8.5 8 0 (m) 8.2 14.6 	 8.0
 
Pnine Treating 	 2.3 3 . 2.8 6.5 14.23.4
 

OTAL 70.9 70.0 48.6 69.2 68.0 56.2 61.8
 
- Fngineering 12.8 10.5 9.7 14.6 5.3 11.9 9.3
 
- Labor 24.8 23.1 14.6 21.8 19.4 17.6 19.8
 
- M4terials 33.3 36.4 24.3 33.2 43.3 26.7 32.7
 

( ' ) '.Es 4 

cuu ui(f)


".:cut Lrijt (f) 12.7 -- -- 15.2 19.5 12.6 13.5
 
-.drccracker" 48.9 - - 52.0 51.0 55.3 51.8
 

!I:dra,;en Plant 350 -- - 30.3 20.0 29.1 28.6
 
85 -- - 14.6(8) 20. 8.0 

Sulfur Plant (Includes Scott creating) 

"-.lre Tre.,tins 2.3 .... 6.5 14.2 3.4 1.8
 

1(17.4 118.6 104.1 108.4 105.7
 

- Engineering 23.6 .... - r 22.6 21.1
 
- Labor 	 37.6 .... 34.6 23.6 31.4 31.7 
- Matrials 	 46.2 .... 59.5 11.7 54.4 52.9
 

Qaoted + " Accirac.: of Capital Cost Estimate 30-5 (1) 30 20 30 25 30 30 

(A Exc,-.es Sour Water Stripper, Bechtel estimate $1.2 million 	 Case 3: Bchtel estiaate: +1.3-6.0 - (4.7) $ million 
(8) 	 Exl:, S.,r W.ter Stripper and includes Scot Tail Cas Unit. Case 3A: Bechtel estimate: +2.1-6.0 - (3.9) $ million
 

Case 4: Bechtel estimate: +2.5-6.0 - (3.5) $ million
 
(g) Assumes package type units.
 

(a) Ca;ital.Cost include Engineering, labor. materials, royalties and 	 initial catayst charge. (h) Labor. materials and Engineering breakdun are estimates only 
(b) Royalties are inluded in Engineering and initial catalyst charge 	are included in materials. (I) Capacity 1. 60% of total feed (11.200 BPSD) 
(c) UOP's and Arthur D. Little. Inc., HDS units assume 70% deaulfurization of the feed. (J) Capacity of HDS unit is 10.200 BPK0 
(d) Foster 1.1teler tUDSunits b.sed on 87% deaulferization of 40% of the feed. 	 (k) Capacity of HDS unit is 10.100 BPSD 
(e) Lu-uss H1Sunits asue a 60-65% dsulfurization of 60% of the unit feed. 	 (1) Hydrogen plant and Hydrocracker + 35%, alf other units + 30%
 
(f) Costs are based on OP's given yields. 	 (i) Arthur D. Little and estimates 

http:Exc,-.es
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(1) 
UTILITIES, TANKAGE AND OFFSITE CAPITAL COSTS
 

INDEPENDENT A.D.L. A.D.L. BEST
 

CASE 1 CONSULTANT ENERGY ECONOMICS CHEM & MET. ENG. ESTIMATE
 

Utilities 0 0 0 0
 

Tankage 0.5 0.3 0.3 0,3
 

Offsites 0.8 0.2 0.2 0.2
 

TOTAL 1.3 0.5 0.5 0.3
 

CASE 2
 

Utilities 0 0 0 0
 

Tankagi. 1.5 1.0 0.9 1.0 

Offsites 1.0 2.0 1.4 1.7 

TOTAL 2.5 3.0 2.3 2.7 

CASE 3
 

Utilities 11.4 3.0 3.0 3.0 

Tankage 1.8 1.6 1.6 1.6 

Offsites 9.5 8.9 5.8 7.4 

TOTAL 22.7 13.5 10.4 12.0 

CASE 3A
 

Utilities 11.8 3.0 3.0 3.0 

Tankage 2.0 1.5 1.4 1.5 

Otisices 9.8 9.1 7.3 8.2 

TOTAL 23.6 13.6 11.7 12.7 

CASE 4
 

Utilities 33.5 12.4 14.4 13.4
 

Tankage 3.4 2.1 2.6 2.4
 

Offsites 16.0 18.3 13.2 15.8
 

TOTAL 52.9 32.8 30.2 31.6
 

(1) See 3.7 for description of items included in each category
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CASE 1
 

RECOMMENDED CAPITAL COSTS
 
Million 1982 US$
 

USGC(1) MOMBASA LOCATION
 

INSIDE BATTERY LIMITS LOCATION LOCATION FACTOR
 

Engineering 0.4 0.4 1.10'
 

0.8 0.6 0.77
Labor 


1.3 2.3 1.80
Material & Equipment 


1.32
2.5 3.3 

TOTAL Inside Battery Limits 


TOTAL UTILITIES, TANKAGE AND
 

OFFSITES
 

1.10
0.1 0.1
Engineering 


0.2 0.2 0.77
Labor 


0.2 0.4 1.80
Material. & Equipment 


TOTAL Utilities, Tankage and 0.5 0.7 1.40
 

Offsites
 

TOTAL P?OJECT
 

1.10
0.5 0.5
Engineering 


1.0 0.8 0.77
Labor 


1.5 2.7 1.80
Material & Equipment 


TOTAL Project 3.0 4.0 1.33
 

(1) Excludes contingency start up and spare parts
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CASE 2
 

RECOMMENDED CAPITAL COSTS
 
Million 1982 US$
 

INSIDE BATTERY LIMITS 


Engineering 


Labor 


Material & Equipment 


TOTAL Inside Battery Limits 


TOTAL UTILITIES, TANKAGE AND 
OFFSITES
 

Engineering 

Labor 


Material & Equipment 


TOTAL Utilities, Tankage and 

Off sites
 

TOTAL PROJECT
 

Engineering 


Labor 


Material & Equipment 


TOTAL Project 


(1)
 
USGC 


LOCATION 


2.5 


5.2 


8.7 


1.6.4 


0.3 

0.9 


1.5 


2.7 


2.8 


6.1 


10.2 


19.1 


MOMBASA 

LOCATION 


2.8 


4.0 


5.7 


22.5 


0.3 

0.7 


2.7 


3.7 


3.1 


4.7 


18.4 


26.2 


LOCATION
 
FACTOR
 

1.1 

0.76
 

1.80
 

1.37
 

0.76
 

1.80
 

1.40
 

2.10 

0.76
 

1.80
 

1.37
 

(1)Excludes contingency start up and spare parts
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CASE 3
 

RECOMMENDED CAPITAL COSTS
 
Million 1982 US$
 

USGC MOMBASA LOCATION
 

INSIDE BATTERY LIMITS LOCATION LOCATION FACTOR
 

1.10
0.5 9.4
Engineering 

1.00
18.2 18.3
Labor 


Material & Equipment 30.1 54.2 1.80
 

TOTAL Inside Battery Limits 56.8 81.8 1.44
 

TOTAL UTfLITIES, TANKAGE AND
 
OFFSITES
 

1.10
-12 1.3
Engineering 

1.00
4.2 4.2
Labor 


6.6 11.9 1.80
Material & Equipment 


17.4 1.45
TOTAL Utilities, Tankage and 12.0 


Offsites
 

TOTAL PROJECT
 

9.7 10.7 1.10

Engineering 


22.4 23.4 1.00

Labor 


1.80

Material & Equipment 


1.44
68.8 99.2
TOTAL Project 


(1)Excludes contingency start up and spare parts
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CASE 3A
 

RECOMMENDED CAPITAL COSTS
 
Million 1982 US$
 

USGC MOMBASA LOCATION
 

INSIDE BATTERY LIMITS LOCATION LOCATION FACTOR
 

9.6
Engineering 8.7 1.10 
Labor 18.5 19.6 1.06 

1.80
55.3 

Material & Equipment 


1.96
 
TOTAL Inside Battery Limits 57.9 84.5 


TOTAL UTILITIES, TANKAGE AND 
OFFSITES 

1.3 1.4 i.10
Engineering 

4.7 1.06
4.4
Labor 


7.0 12.6 1.80

Material & Equipment 


TOTAL Utilities, Tankage and 12.7 18.7 1.47
 
--Offsites 


TOTAL PROJECT
 

1.1010.0 11.0
Engineering 

1.06
28.9 24.3
Labor 


Material & Equipment 37.7 67.9 1.80
 

70.6 103.2 1.46
TOTAL Project 


(1)Excludes contingency start up and spare parts
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CASE 4 

RECOMMENDED CAPITAL COSTS 
Million 1982 US$ 

USGC MOMBASA LOCATION 

INS IE I,ATTERY IMITS LOCATION LOCATION FACTOR 

'ngineer ing 20.4 22.4 1.10 

Labor 30.7 31.3 1.02 

Material & Equipment 51.1 92.0 1.80 

IOTAL Inside Battery Limits 102.2 145.7 1.43 

TOTAlEL I:III.ITIES, TANKAGE AN) 
OFFS ITE'S 

En-inecring 3.2 3.5 1.10 

Labor 11.0 11.2 1.02 

Material & lquipment 17.4 31.3 1.80 

TOTAL Utilities, Tankage and 31.6 46.0 1.46 

Offs ites 

TOTAL PROJECT 

Engineering 23.6 25.9 1.10 

Labor 41.7 42.5 1.02 

Material & Equipment 68.5 123.3 1.80 

TOTAL Project 133.8 191.7 1.43 
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-- 

START-UP, SPARE PARTS AND CONTINGENCY FACTORS
 

" Recommended Mombasa capital costs ha;e been increased by a
 

to take account for the following items:
factor of 1.23 


-- 0.05 factor for training and start-up costs 

0.03 factor for spare parts and materials
 

-- 0.15 factor for contingency 

are as follows:
* Factored recommended capital costs 


Million 1982 US$
 

Case 1 4.9
 

Case 2 32.2
 

Case 3 3.22.0
 

Case 3A 126.9
 

Case 4 235.8
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PROJECT IMPLEMENTATION SCHEDULE
 

ALL CASES
 

This period is allocated for the
 
January 1983 through June 1983. 


Government of Kenya, EAOR and other parties to study 
this report, select a
 

Case for possible implementation and select a contractor 
to prepare
 

a project definition.
 

CASE 1 CASE 2 CASE 3/3A CASE 4 

Project Definition July 1, 1983- July 1, 1983- July 1, 1983- July 1, 1983

-Sept 30, 1983 Dec 31, 1983 Mar 30, 1984 Mar 30, 1984 

Obtain bids and Oct 1, 1983- Jan 1, 1984- April 1, 1984- April 1, 1984-

Select Contractor Dec 31, 1983 June 30, 1984 Sept 30, 1984 Sept 30, 1984 

Initiate Detailed
 
Oct 1, 1984 Oct 1, 1984
 

Engineering and Jan 1, 1984 July 1, 1984 


Procurement
 

Initiate Field
 
1985 July 1, 1985 July 1, 1985
 

Construction Jan 1, 1985 July 1, 


Complete Eng.
 
Dec 31, 1985 Dec 31, 1985
 

and Procurement Dec. 31, 1984 June 30, 1985 


Initiate Pre-

Oct 1, 1985 April 1, 1987 Mar 1, 1987 Sept 1, 1987
 

Commissioning 


Complete
 
Dec 31, 1987
I Dec 31, 1985 June 30, 1987 June 30, 1987
Construction 


July 1, 1987- Jan 1, 1988-
Jan 1, 1986- July 1, 1987-
Start up 

Oct 31, 1987 April 30, 1988
 

Operation Fe 28, 1986 Sept 30, 1987 


(1) Six months added in Cases 1 and 2 for port entry delays
 

A thurD. Utle, Inc.III-B-11 



TIMING OF CAPITAL EXPENDITURES
 

% OF TOTAL CAPITAL INVESTMENT
 

Period Engineering Material Labor Start-Up 

Case 1 01/01/84 - 06/30/84 
07/01/84 - 12/31/84 
01/01/85 - 06/30/85 
07/01/85 - 12/31/85 
01/01/86 - 03/01/86 

0.75 
0.25 
--
.--
......

0.03 
0.81 
0.16(1) 

0 
0 
0.5 
0.5 

0 
0 
0 
0.5 
0.5 

TOTAL 1.00 1.00 1.0 1.0 

Case 2 07/01/84 
01/01/85 
07/01/85 
01/01/86 
07/01/86 
01/01/87 
07/01/87 

- 12/31/84 
- 06/30/85 
- 12/31/85 
- 06/30/86 
- 12/31/86 
- 06/30/87 
- 12/31/87 

0.50 
0.50 
--
.--
.... 
.... 
--

0.04 
0.72 
0.24(1) 

0 
0 
0.1 
0.4 
0.4 
0.1 

0 
0 
0 
0 
0 
0.5 
0.5 

TOTAL 1.00 1.00 1.0 1.0 

Cases 

3&3A 10/01/84 
01/01/85 
07/01/85 
01/01/86 
07/01/86 
01/01/87 
07/01/87 

- 12/31/84 
- 06/30/85 
- 12/31/85 
- 06/30/86 
- 12,31/86 
- 06/30/87 
- 12/31/87 

0.10 
0.55 
0.35 
--
.... 
.... 
--

--

0.06 
0.64 
0.30(1) 

--

--

-

0.15 
0.35 
0.35 

0.15 
--

-

-

-

-

0.5 
0.5 

TOTAL 1.00 1.00 1.00 1.0 

Case 4 10/01/84
01/01/85 

- 12/31/84(2) 
- 06/30/853) 

0.10 
0.55 0.06 -

.---

07/01/85 
01/01/86 
07/01/86 
01/01/87 
07/01/87 
01/01/88 

- 12/31/85 
- 06/30/86 
- 12/31/86 
- 06/30/87 
- 12/31/87 

- 06/30/88 

0.35 
--
.... 
.... 
.... 

...--

0,64 
0.30(1) 

0.10 
0.25 
0.30 
0.25 
0.10 

-

-

-
0.5 

0.5 

TOTAL 1.00 1.00 1.00 1.0 

1. Plus spare parts and materials at 3% of total capital cost.
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CASE 1 

MOMBASA REFINERY UPGRADING PROJECT 

SU4ARY CAPITAL COSTS - 4th QUARTER 1982 - U.S. GULF COAST LOCATION 
Millions US$ 

Facility 

Materials ( 1) 

& Equipment 

Direct Labor & 

Indirect Field 

Engineering 62) 

Home Office 

Calculated 

Cost 

Plus (3) Total 

Contingency Cost 

Inside Battery Limits 

Kerosine Merox 1.3 0.8 0.4 2.5 0.4 2.9 

Sub-Total ISBL 1.3 0.8 0.4 2.5 0.4 2.9
 

Utilities ......
 

Tankage 0.1 0.1 0.1 0.3 0.1 0.4
 

Offsites 0.1 0.1 - 0.2 - 0.2
 

Sub-Total OSBL 0.2 0.2 0.1 0.5 0.1 0.6
 

Total Project 1.5 1.0 0.5 3.0 0.5 3.5
 

(1) Includes Catalyst & Chemicals
 

(2) Includes Royalties
 

(3) 15% Contingencies
 

4 %--



CAS E 2 

MOMBASA REFINERY UPCRADING. PROJECT 

SU,-.L\RY CAPITAL COSTS - 4th QUARrEk 1982 - U.S. GULF COAST LOCATION 
Millions US$ 

Facility 

Inside Battery Limits 

LCO Hydrotreater 

Sour Water Stripper 

Materials ( 1 ) 

&_Egu~pTent 

8.0 

0.7 

Direct Labor & 
Indirect Field 

4.9 

0.3 

Engineering 
Home Office 

2.3 

0.2 

12) Calculated 
Cost 

15.2 

1.2 

Plus (3 
Contingency 

2.3 

0.2 

Total 

Cost 

17.5 

1.4 

Sub-Total ISBL 

Utilities 

Tankage 

Offsites 

Sub-Total OSBL 

Total Project 

8.7 

...... 

0.6 

0.9 

1.5 

10.2 

5.2 

0.3 

0.6 

0.9 

6.1 

2.5 

0.1 

0.2 

0.3 

2.8 

16.4 

1.0 

1.7 

2.7 

19.1 

2.5 

0.2 

0.2 

0.4 

2.9 

18.9 

1.2 

1.9 

3.1 

22.0 

(1) 
(2) 

(3) 

Includes Catalyst & Chemicals 

Includes Royalties 

15% Contingencies 

N
 



CASE 3
 

MOMBASA REFINERY UPGRADNG PROJECT
 

SUM1ARY CAPITAL COSTS - 4th QUARTER 1982 - U.S. GULF COAST LOCATION
 
Millions US$
 

Materials (1) Direct Labor & 


Facility & Equipment Indirecr Field 


Inside Battery Limits
 

Thermal Gas Oil Unit 18.2 11.0 

LGO Hvdrotreater 8.1 4.9 

Claus Sulfur & Amine Units 3.1 1.9 

Sour Water Stripper 0.7 0.4 


t 	 Sub-Total ISBL 30.1 18.2 

Utilities 1.6 1.1 

Tankage 0.9 0.5 

Offsites 4.1 2.6 

Sub-Total OSBL 6.6 4.2 

Total Project 36.7 22.4 

(1) 	Includes Catalyst & Chemicals
 
(2) 	Includes Royalties
 
(3) 	15% Contingencies
 

Engineering 12) 

Home Office 


5.2 

2.3 

0.8 

0.2 


8.5 


0.3 


0.2 


0.7 


1.2 


9.7 


Calculated 

Cost 


34.4 

15.3 

5.8 

1.3 


56.8 


3.0 


1.6 


7.4 


12.0 


68.8 


Plus (3) Total
 
Contingency Cost
 

5.1 39.5
 
2.3 17.6
 
0.9 6.7
 
0.2 1.5
 

8.5 65.3
 

0.5 3.5
 

0.2 1.8
 

1.1 8.5
 

1.8 13.8
 

0.3 79.1
 



CASE 3A
 

MOMBASA REFINERY UPGRADING PROJECT 

SUK-1ARY CAPITAL COSTS - 4th QUARTER 1982 - U.S. GULF COAST LOCATION 

Materials(1 ) Direct Labor & 


Facility & Equipment Indirect Field 


Inside Battery Limits
 

Thermal Gas Oil Unit 17.0 10.2 


LGO/TGO Hydrotreater 8.2 4.9 


Hydrogen Plant 1.3 0.8 


Claus Sulfur & Amine Units 3.1 1.9 


Sour Water Stripper 1.1 0.7 


Sub-Total ISBL 30.7 18.5 

Utilities 1.6 1.1 


Tankage 0.8 0.5 


Offsites 4.6 2.8 


Sub-Total OSBL 7.0 4.4 


Total Project 37.7 22.9 


(1) Includes Catalyst & Chemicals
 
(2) Includes Royalties
 

(3) 15% Contingencies
 

Millions US$
 

Engineering 12) 


Home Office 


4.9 


2.3 


0.4 


0.8 


0.3 


8.7 


0.3 


0.2 


0.8 


3.2 


10.0 


Calculated 


Cost 


32.1 


15.4 


2.5 


5.8 


2.1 


57.9 


3.0 


1.5 


8.2 


12.7 


70.6 


Plus (3) Total
 

Contingency Cost
 

4.8 36.9
 

2.3 17.7
 

0.4 2.9
 

0.9 6.7
 

0.3 2.4
 

8.7 66.6
 

0.5 3.5
 

0.2 1.7 

1.2 9.4
 

1.9 14.6
 

10.6 81.2
 



CASE 4 

MOMBASA REFINERY UP;RADING PROJECT 
SUM1-.ARY CAPITAL COSTS - 4th QUARTER 1982 - U.S. GULF COAST LOCATION 

Materials (1 ) Direct Labor & 


Facility & Equipment Indirect Field 


Inside Battery Limits
 

Vacuum Unit 6.7 4.1 


Hydrocracker 25.9 15.5 


Hydrogen Plant 14.3 8.6 


Claus Sulfur & Amone Unit 3.0 1.7 


Sour Water Stripper 1.2 0.8 


Sub-Total ISBL 51.1 30.7 


Utilities 7.4 4.7 


Tankage 1.3 0.8 


Offsites 8.7 5.5 


Sub-Total OSBL 17.4 11.0 


Total Project 68.5 41.7 


(1) Includes Catalyst & Chemicals
 
(2) Includes Royalties
 
(3) 15% Contingencies
 

Millions US$
 

Engineering &2) 


1o11L. Office 


2.7 


10.4 


5.7 


1.1 


0.5 


20.4 


1.3 


0.3 


1.6 


3.2 


23.6 


Calculated 


Cost..... 


13.5 


51.8 


28.6 


5.8 


2.5 


102.2 


13.4 


2.4 


15.8 


31.6 


133.8 


Plus (3) Total 

Contingency Cost 

2.0 15.5
 

7.7 59.5
 

4.3 32.9
 

0.9 6.7
 

0.4 2.9
 

15.3 117.5
 

2.0 15.4
 

0.4 2.8
 

2.4 18.2
 

4.8 36.4
 

20.1 153.9
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Bechtel National, Inc. 
Engineers -Constructors 

Fifty Beale Street 
San Francisco, California 
MailAdress. PO Box 3965. San Francisco CA 94119 

December 6, 1982
 

Mr. Charles Bliss
 
Office of Energy
 
United States International Development
 
Cooperation Agency
 

Agency for International Development
 
Washington, D. C. 20523
 

Dear Mr. Bliss:
 

Subject: 	 Contract DAN-5724-COO-1085-O0-Special Advisory Services
 
Review of the Estimate for Mombasa Refinery Modifications
 
Comments on Process Bases
 

As you requested in our meeting on November 30, 1982, we are transmitting
 

Bechtel's process comments arising from our review of A. D. Little's draft
 
report on the Mombasa Refinery. The enclosed list cf process comments was
 

presented at the meeting and has been edited to reflect discission at the
 
meeting.
 

Our overall summary of what we consider to be the more important comments
 
follows:
 

1. 	 Bechtel agrees with the general logic of the report. The overall
 

effort looks very good and has no serious defects. We believe ,
 
that the most likely cases have been considered and that the process
 
basis is adequate for evaluation and selection of process alterna
tives. The cost estimates are of k 30% accuracy and are suitable
 
only for preliminary screening purposes.
 

2. 	 Variation in crude slate and possible spiking of crude with
 
middle distillates can have a significant effect on the project.
 
A. D. Little has handled the former by a sensitivity analysis
 
using an increased percentage of Arabian Heavy Crude. Likewise,
 
some degree of attention should be given to the effect of spiking
 
crude 	with middle distillate boiling range stocks.
 

3. 	 Unit capacities appear to be sized conservatively. Further study
 
may reduce plant sizes.
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4. 	 The hydrogen balances appear approximately correct, but Bechtel did
 
not have sufficient information to check in detail.
 

*5. 	 The Case 4 high sulfur fuel oil balance does not appear correct and
 
requires more attention by A. D. Little.
 

6. Envirormental requirements need better definition. It was agreed
 
that a SCOT unit would not be installed initially, but provision
 
would be made for future installation. So,,r water strippers were
 
added in all cases except Case 1.
 

7. 	 A capital cost allowance should be applied the estimate for
 
modifications to existing units which at is point are undefined.
 

Ve y ours,
 

F. Houle
 
oject Director
 

JFH/phs
 
Attachments
 

cc: 	 Mr. Nigel Godley, A. D. Little, Inc 

Mr. Isaac Sam, World Bank
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MONBASA REFINERY
 

BECHTEL PROCESS REVIEW COMENTS (Revised 12/1/82)
 

1. 	 The draft process report and block flow diagrams that Bechtel reviewed
 
before the 11/30/82 meeting were incompl9te and under revision. Later
 
versions were handed out at the meeting and have been reviewed by Bechtel
 
subsequent to the meeting. The following comments reflect our review of
 
the revised material as well as the discussion at the meeting.
 

2. 	Marked-up copies of the original draft process report and of the
 
preliminary block flow diagrams were given to A. D. Little (ADL). Minor
 
discrepancies and typographical errors were indicated on them.
 

3. 	 We agree with the general logic of the report. The overall effort look6 
very good and has no serious defects. We believe that the morit likely 
alternative cases have been considered and that the process basis is 
adequate for evaluation and selection of process alternatives. 

4. 	 Further investigation should be made of the feasibility of spiking crude
 
with middle distillates if it is not forbidden by the "White Oil Rule."
 
The revamp cases would probably still be required but at reduced capacity.
 

5. 	 A.D.L used a shortcut method in doing their material balance by assuming
 
that all refinery units had the same stream day operating factor. A more
 
exact method would have been to provide a statement of the operating
 
factor philosophy and of the operating stream value assumed for each
 
unit. With units that have different operating factors, material
 
balances are normally done on a calendar day basis rather than on a
 
stream day basis. The intermediate tankage must be adequate to
 
compesate for differences in unit downtimes. Bechtel does not think
 
that the use of the shortcut method makes any significant diffeience in
 
the results of the study, but recommends that future studies be done
 
using individual stream factors.
 

6. 	 Table 3.5 - III. We note that design capacities of process units vary
 
from 1.07 to 1.25 of calculated capacities. This is an arbitrary
 
judgment-type decision and is satisfactory at this stage. More work will
 
be required later to provide a better sizing basis.
 

7. 	 Table 3.5 - III. In Case 2 the LGO HDS Unit is sized for the full feed
 
rate of LGO nvailable. The unit could be sized for only half this rate
 
to achieve 90'r desulfurization. By blending with undesulfurized feed
 
(1.8% S), the sulfur specification of 1.0% can be obtained. The
 
additional sizing must be justified later on the basis of flexibility and
 

possible future changes in crude slate. For the present purpose, we
 
agree with the conservative approach used.
 

Sect. 3.5.3, Case 3. A two-coil thermal cracker was specified with an
 
implied vacuum column on the thermal cracker products for recycle of HGO.
 

Bechtel has two alternative schemes for the thermal cracker. The most
 
expensive, and probably the best operation, would be to have the vacuum
 
unit 	only on the virgin feed. This eliminates the possibilty of cracked 
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8. 	 Sect. 3.5.3, Case 3 (ccn'd) 

feed coking in a downstream vacuum column furnace. In this euheme, the
 

vacuum tar would be visbroken, and the 	HGO would be fed to the thermal
 

cracking coil together vtlh recycle HGO from the product fractionator.
 

The 	least expensive option is to use a single-c,-4l thermal cracker with a
 

combination feed and product fractionation tower. The vacuum column
 

could probably be eliminated.
 

Further study and evaluation of laboratory data are required to select
 
Bechtel has used the most expensive alternate as the
the best system. 


cost basis but believe that the least expensive system may prove feasible.
 

9. 	Sect. 3.5.3. Hydrocracking is proposed in the ADL report to be single
 

stage. Recent information indicates that a two-stage unit way be cheaper
 

for maximum middle distillates.
 

Recycle hydrocracking operation at a 10500 cut point requires a 3-5%
 
bleed stream to remove non-carckable material. A.D.L. should provide in
 

their material balance for a minimum of 3% bleed to fuel-oil blendiz.-


Also, we are concerned about using this wcre sophisticated and expensive
 

unit 	at Mombasa because of the apparent difficulty of obtaining
 
maintenance support including spare parts. The economizs for
 

hydrocracking will be strongly dependent on maintaining a high operating
 
factor
 

10. 	 Section 3.6.3. Bechtel was able only to make a rough check on the
 

hydrogen balances because not enough detailed information was given in
 

the report. The hydrogen balances appear approximately correct.
 

11. 	 For feed to the Case 4 hydrogen plant, Bechtel would expect that refinery
 

gas should be uved as the primary feed and supplemented with light tops
 

as required. Our estimate is based on the specified scope of feeding
 
light tops.
 

12. 	 Bechtel would need further detailed information to determine if the small
 

package H2 plant in Case 3A could be eliminated. (63% H2 utilization in
 

Case 3 Is not considered very "tight.") Bechtel believes it is likely
 

that this supplemental hydrogen source can be avoided, but we have
 

included the cost in our estimate.
 

13. 	 In Cases 3 and 3A, cracked naphtha and kerosene are fed to the existing 

hydrotreaters (HDS). This will result in an increased heat of reaction 

which will require H2 quench, and the vactor systems may not be designed 

to accommodate this. 

14. 	 Case 4 Fuel Oil Blend. High sulfur fuel oil blending was noted to be 
A review of the revised reportincorrect in the initial report. 


indicates that there is still a problem, and A.D.L. shovld give further
 

attention to it.
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15. 	 Sect. 3.6.4. The report nicoimende use of amine scrubbing and Claus 
sulfur plants in cases 3, 3A, and 4. We agree. There is no mention of 
the use of SCOT Tail Gas Treating Unit, yet this shows up in the cost 
estimate. The SCOT Unit removes only 3 - 5% of the sulfur to the Claus 
Unit and costs more than the Claus Unit, as well. as adding complexity to 
operation. Bechtel recommended that the SCOT Unit not be included in the 
cost estimate but that room be left for later installation, if found 
necessary. There was general agreement on this at the meeting. 

It was agreed at the meeting that better definition of environmental
 
requirements is necessary before the next stage of the project begins.
 

16. 	 No sour water stripping is men\tioned by A.D.L Sour water stripping is
 
usually necessary when you have hydrotreating, thermal cracking, or
 
hydrocracking. Bechtel has inclided sour water strippers in cost
 
estimates. It was agreed at the 2eeting that A.D.L. ,'uuld add sour water
 
strippers in all cases except Case 1.
 

17. 	 Bechtel has roughly checked utility requirements. We recognize that
 
utilities can vary widely without better: definition of specific equipment
 
than we were given. Bechtel values are summarized on the attached A.D.L.
 
utility sheets for comparison.
 

18. 	 Bechtel quickly revievGd other ponalsble process alternatives. Only 
delayed coking appears worthy of consideration. With the present crude 
elate, coking does not seem to have sufficient advantages over thermal 
cracking for inclusion in the etudy . With a heavier crude slate, 
delayed coking could be bettcr than thermal cracking. Bechtel knows of a 
company that has stated that they will buy high sulfur coke &nywhere in 
the world. 
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A. ID,LITTLE UTILITY CONSbmfTIONS WITH BECHTEL COMPARISON IN PARENTHESES
 

TABLE 3.7 - IIA
 

ADDITIONAL UTILITY CONSUHPTIONS
 
CASES 1, 2 AND 3
 

INPORTED
 

FUEL POWER (4) DVW C.W 
10P BTU/hit KI 10-lbs/hr 103 1b'hr O 

CASE I 

Nerox Unit (- (10) 100 (20) 20 () - (-) -

CASE 2 

LGO lIDS Unit (25) 50 (2380) 700 (-7) -10 (7) 15 (400) 100 

CASE 3
 

T-C Unit (350) 440 (2190) 2750 (1) (-85)-18o (85) 230 (1200) 300 (2) 

LGO (S-R) HDS Unit (25) 50 (2250) 700 (1) (-7) - 10 (7) 15 (380) 100 (2) 

Amine Scrubbing (-) -- (105) 90 24 25 (24) -- (730) 270 

Sulphur Plant (2 units) *(200) 15 (200) 200 (-10) +10 (10) __ (170) 800
 

Sub total (600) 505 (7135) 3740 (-65)-155 (133) 245 (2880) 1470 (4)
 

Cooling Tower (2000 gpm)(4) -) -- (300) 200 (-) -- () -- (-) --
WBechtel 3000 gpm) 

a er reating (-)(60) 60 ( 

TOTAL (600) 505 (7495) 4000 (-65) -155 (133) 245 (2880) 1470 (4) 

m 11.5MT/hr 

NOTES: (1) Max use of air cooling 
(2) See Note 1. CW used for pumps, compressors etc. 
(3) Additional cooling tower required in Case 3.
 
(4) No additional boiler capacity required in any of these cases.
 

* Includes incineration of tail gas 



A. D. LITTLE UTILITY CONSUMPTIONS WITH BECHTEL COMPARISON IN PARENTHESES
 

TABLE 3.7 - IIB
 

ADDITIONAL UTILITY CONSUMPTIONS
 

CASE 3A
 

PURCHASED
 
UNIT FUEL POWER STEM (3) BFW C.W 

106 BTU/hr KW 103 lbs/hr 103 lbs/hr 

T-C Unit (315) 400 (1970) 2500 (1) (-75) -105 (75) 210 (1075)300 (2) 
LGO lIDS Unit (25) 80 (2380) 1200 (1) (-7) - 20 (7) 30 (400) 120 (2) 
H12 Plant (Package) (27) 15 (35) 50 (-1) - 2 (1) 3 (65) 50 
Amine Scrubbing 
 (-) - (105) 100 (24) +.30 (24) - (730) 300 

Sulphur Plant (2 units)*(200) i (200) 200 (-10) + 10 (10) - (170) 800 

Sub total (567) 510 (4690) 4050 (-69) -147 (117) 243 (2440) 1570 

Cooling Tower (-) - (300) 200 (-) - () __ (-) __ 

Water Treating (-) - (60) 60 (-) -- (-) __ (-) __ 

TOTAL (567) 510 (5050) 4310 (-69) -147 (117) 243 (2440) 1570 

S NOTES: (1) Maxitmim use of air cooling
(2) See Note 1, CW used for pumps. compressors eLc. 

(3) No additional boiler capacity required.
 

*. Includes incineration of tail gas
 

a
 



A. D. LITTLE UTILITY CONSUMPTIONS WITH BECHTEL COMPARISON i. KARENTHESES
 

TABLE 3.7 - IIC 

ADDITIONAL UTILITY CONSUMPTIONS
 
CASE 4
 

UNIT FUEL POWER TS?, M c.w. 

.10l BTU/hr KW 10 3 103bs/hr lbs/hr gpm 

Hydrocracker 57 ( 40) (5690) 4200 (1) -165 
 (-) 25 (-) 100 (500)
 
Vacuum Unit 110 (110) (720) 1100 (2) 432.0 (-3) -- (3) 
 2200 (2)(1000)
 
Htydrogen Plant 235 (215) (560) 850 (1) -28.0 (-39) 113 (39) 100 (310)
 
Amine Scrubbing 35 (-) (105) 100 +125 (24) -- (24) 30 (730) 
Sulphur Plants (2 units)(4) 25 (200) (200) 235 +30.0 (-10) - (10) 300 (3) ( I 

Sub total 427 (565) (7275) 6485 +30.0 (-28) 138 (76) (2Y10)
'-4 

I Power Generation (9 tVA) 115 * ** 600 100.0 ** 125 ** 2000 (3) ** 
Icx Cooling Tower (6000 gpm) -- (-) (300) 400 -- (-) -- (-) __ (-) 

Water Treating - () (60) 60  -) -- (-) __ (_) 

TOTAL 542 
 7545 130.0 253 5500
 

- 13 f/hr 

NOTES: (1) Basis maximum air cooling
 
(2) Basis 50% water cooling (overhead system)
 

(3) Water cooling 
(4) Claus units with SCOT tail gas tinit 

* Includes incineration of tail gas
 

S** Not estimated by Bechtel
 



Bechtel National, Inc. 
Engineers -Con: rctors 

Fifty Seale Street (4
San Francisco. California 
Mos#AdaOres PO Box 3965. San FfanciscoCA 94119 

December 3, 1982 

Mr. Char1tl tliss 
Office of 8iergy 
United Sates International Development 
Cooperation A ency
 

Agency for 1-iternational Development
 
Washington, D. C. 20523
 

Dear 	Mr. Bliss:
 

Subject: 	 Contract DAN-5724-COO-1085-00 - Special Advisory Services 
Review of the Estimate for Mombasa Refinery Modification 

As you requested at our November 30th meeting, Becht,-l is transmitting our
 
recommended cost estimate sheets (Tatles I - 5) for five cases proposed by
X.,. 

A. D. Little. The only modification .7ram the cdst .j presented at the meeting
 
is that the SCOT unit has been delete' as agreed at .he meeting. We believe
 
that our costs adequately reflect the tfope given to us and are in close agree
ment with A. D. Little's recommended ccsts when adjusted to the same basis.
 

A list of 	the items included in Bechtel's est.imate is shown in Table 6.
 

The accuracy of Bechtel's estimate with contingency is considered to be plus or
 
minus 25 percent for the Inside Battery Limits Process Units, plus or minus 50
 
percent for the Outside Battery Limits Facilities, with an overall accuracy of
 

,
approximately plus or minus 30 percent. 7ne '..ttingency, which serves tc ii

crease the estimated cost to the value where this accuracy applies, is required
 
in our experience to cover tincertainties in F'zope definition and pricing.
 

As you are aware, this estimate is based on preliminary information received
 
from A. D. Little with relatively little detailed engineering effort expended.
 
The estimate can be improved as better scope definition is provide in all areas
 
of the estimate. Two particular areas requiring better definition in which Bechtel
 
has concern are:
 

(1) Additional revamp cost to the existing refinery.
 
(2) Environmental requirer ;nts.
 

We believe that further work should be carried out on these items early in the
 
project because of their possible cost impact on every case.
 

Very 4y yours,
 

.j.F. Houle
 
.. Project Director 

JFH/nbm 
attachments Arh 11Lttle IcEX 	 ' 
cc: 	 Mr. Nigel Godley, A. D. Little, Inc. III-C-9
 

Mr. Isaac Sam, World Bank_
 



CASE I 

SUMMARY 

TABLE 1 
MOMBASA REFINERY KODERNIZATION PROGRAM 

- CAPITAL COSTS - 4TH OUARTER 1982 - GULD COAST LOCATION 
U.S. DOLLARS IN MILLIONS 

Facility 

ISOL 

Kerosene Merox 

Water Wash Col 
Sale Filter 
Clay FAlter 

Subtotal ISBL 

OSOL 

Nat'l 
Subc. 

0.3 

1.0 
... 

1.3 

Dir. 
Labor 

0.2 

.---

0.2 

Indlirect 
Pld Costs Subtotal 

0.2 0.7 

1.0 

0.2 1.7 

H.O.Costs 
• Fees 

0.2 

0.1 

0.3 

Subtotal 

0.g 

1.1 

2.0 

Contg. 

0.2 

0.3 

0.5 

Subtotal 

1.1 

1.4 

2.5 

Chem & 
Ctlvet 

0.1 

---

0.1 

Total 

2.3 

1.4 

2.6 

UTILITIES 

NONE 

1O4 

I 

TANKAGE 

0IFSITES 

Interconnecting piping 
Expand Control ouse 

0.2 

0.1 
0.1 

---

0.1 

---

---
.----

0,2 

0.2 

---

0.1 
---

0.2 

0.3 
0.1 

0.1 
---

0.2 

0.4 
0.1 

---

-

0.2 

0.40.1 

Total Offaites 0.2 0.1 --- 0.3 0.1 0.4 0.1 0.1 --- 0.1 

Subtotal OSOL 0.4 0.1 --- o0s.6 0.1 0 7 

IVTAL PROJECT CASE 1 1.7 0.3 0.2 2.2 0.4 2.6 0.6 3.2 0.1 3.3 

SF-8PI/TS
 
December 1, 1982
 



TABLE 2 

CASE 2 

racility 

ISsL 

LOO RDS Unit 

Sour water Stripper 

SUIMARY 

Nat'l 
Subc. 

3.3 

0.6 

NOMBASA REFINERY NCrjL-_fIzATION PROGRAM 
- CAPITAL COSTS - 4TH QUATER 1982 - GULF OAST 

U.S. DOLLARS IN MILLIONS 

Dir. Indirect U.O.Costs 
Labor FId Costs Subtotal 6 Fees Subtotal 

2.0 1.6 11.9 2.4 14.3 

0.2 0.2 1.0 0.2 1.2 

LOCATION 

Contq. 

2.8 

0.2 

Subtotal 

17.1 

1.4 

Chem 6 
C 8tljs 

0.4 

-

Total 

17.5 

1.4 

Subtotal ISIL 

OSSL 

UTILITIES 

8.9 2.2 1.8 12.9 2.6 I$.S 3.0 18.5 0.4 16.9 

NONE 

Subtotal Utilities .................... 

TANWAG 0.3 0.1 0.1 1.0 0.2 1.2 0.2 1.4 1.4 

OFFSIT-S 

Interconnecting Piping 
Expand Control Room 

0.3 
0.1 

0.2 
--

0.1 
--

0.6 
0.1 

0.1 
--

0.7 
0.1 

0.2 
0.1 

0.9 
0.2 

--

--
0.9 
0.2 

Subtotal Offuites 0.4 0.2 0.1 0.7 0.1 0.3 0.3 1.1 -- 1.1 

Subtotal OSDL 1.2 0.3 0.2 1.7 0.3 2.0 0.5 2.S -- 2.S 

TOTAL PROJECT CASZ 2 10.1 2.5 2.0 14.6 2.9 17.5 3.5 21.0 Z.4 21.4 

SF-BPI/TS 

December 1. 1982 
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SUMMARY 

TAB LE 3 
MOMBASA REFINERY MOOERNIZATION PROGRAM 

- CAPITAL COSTS - 4TH QUARTER 1982 - GULF COAST 
U.S. DOLLARS IN MILLIONS 

LOCATION 

CASE 3 

facility 

ISsL 

Thermal Cracker 
Thermal Cracker Gas Plant 
SR LAO N/DS 
Amine Plant 
Claus Sulfur Recovery 
Sour Water Stripper 

Nat'l 
Subc. 

14.1 
1.8 
6.2 
1.2 
3.1 
0.7 

Dir. 
Labor 

4.0 
0.9 
2.0 
0.1 
0.9 
0.2 

Indirect 
Fed Comta Subtotal 

3.2 21.3 
0.7 3.4 
1.6 11.8 
0.1 1.4 
0.7 4.7 
0.2 1.1 

H.O.Costs 
foes 

3.6 
0.6 
2.1 
0.3 
0.8 
0.2 

Subtotal 

25.1 
4.0 

13.9 
1.1 
S.5 
1.3 

Contg. 

4.0 
0.8 
2.8 
0.3 
1.1 
0.3 

Subtotal 

29.9 
4.3 

16.7 
2.0 
6.1 
1.6 

Chem & 
Ctlyut 

--
--
0.4 
--
0.3 
--

Total 

29.9 
4.8 

17.. 
2.0 
6.9 
1.6 

Subtotal ISOL 29.1 6.1 6.5 43.7 7.8 51.5 10.1 61.6 0.7 62.3 

OSOL 

UTILITIES 

S W Treating 
Power Transfors.. 
Cooling Tower 
fuel Oil PipLng 
Inst. Air Compressor 

0.5 0.4 
0.1 
0.2 0.1 

.................... 
0.1 

0.3 

0.1 

1.2 
0.1 
0.4 

0.2 

0.1 

1.4 
0.1 
0.5 

0.1 

0.3 
--
0.1 

--

1.7 
0.1 
0.6 

0. 

--

-

1.7 
0.1 
0.6 

0.1 

I Subtotal Utilities 0.9 0.S 0.4 1.8 0.3 2.1 0.4 2.5 -- 2.5 

TANKAGE 1.2 0.2 0.2 1.6 0.3 1.9 0.4 2.3 2.3 

OFFSITES 

Electrical Distribution 
New Control House 
Expand Other Bld9s. 
Inter-Connecting Piping 
Site Grading 
Oil Water Separator 
Flare 

0.5 
0.2 
2.0 
1.S 
0.1 
0.1 
0.3 

0.3 
.... 
.... 
1.0 
.... 
0.1 
0.1 

0.2 

0.8 

0.1 
0.1 

1.0 
0.2 
2.0 
3.3 
0.1 
0.3 
O.S 

0.2 
--
0.4 
0.6 
--
0.1 
0.1 

1.2 
0.2 
2.4 
3.9 
0.1 
0.4 
0.6 

0.2 
--
0.5 
0.8 
-
0.1 
0.1 

1.4 
0.2 
2.9 
4.7 
0.1 
0.5 
0.7 

--
--
--
--
--
--
--

1.4 
0.2 
2.9 
4.7 
0.1 
0.S 
0.7 

Subtotal Offaites 4.7 1.5 1.2 7.4 1.4 3.8 1.7 10.5 -- 10.5 

Subtotal OSBL 6.8 2.2 1.8 10.8 2.0 12.1 2.5 15.3 15.3 

TOTAL PROJECT CASE 3 35.9 10.3 8.3 54.5 9.3 64.3 12.6 76.9 0.7 77.6 

- S-P/TSDecember 1. L902 



TABLE 4 
NOMAASA REFINERY 1ODERNIZATION PRO(AM

SUIARY - CAPITAL COSTS - 4TH QUARTER 1982 - GULP C AST LOCATION 
U.S. DOLLARS IM MILLIONS 

CASE A 

Facility 
I4at'l a 
Subc. 

Dir. 
Labo 

Indirect 
Fid Coats Subtotal 

H.O.Costa 
rPeas Subtotal Contg. Subtotal 

Che & 
Ctlvst Total 

IS&L 

-hermal Cracker 
Thermal Cracker Gas Plant 
Si & TC LGO R)S 
Package Hydrogen Plant 
Amine 
Sulfur Plant 
Sour Water Stripper 

13.2 
l.S 
6.7. 
1.6 
1.3 
3.1 
1.1 

3.1 
0.7 
1.9 
--
0.1 
0.9 
0.4 

3.0 
0. 
1.5 
--
0.1 
0.7 
0.3 

20.0 
2.6 

12.1 
1.6 
1.S 
4.7 
1.6 

3.6 
0.! 
2.2 
0.3 
0.2 
0.8 
0.3 

23.5 
3.3 

14.3 
1.9 
1.7 
5.5 
2.1 

5.0 
0.7 
3.0 
0.4 
0.4 
1.1 
0.4 

28.6 
4.0 

17.3 
2.3 
2.1 
6.6 
2.5 

-0 

--
0.5 
--
0.0 
0.3 
--

26.6 
4.0 

17.8 
2.3 
2.1 
6.9 
2.5 

Subtotal ISDL 30 5 7.8 6.2 44.5 7.9 52.4 11.0 63.4 0.6 64.2 

OSL 

UTILITIES 

FW Treating 
Power Transformer 
Cooling Tower 
Fuel Oil Piping 

0.5 
0.1 
0.2 

0.4 
.--
0.1 
--

0.3 

0.1 
--

1.2 
0.1 
0.4 
--

0.2 
--
0.1 

--

1.4 
0.1 
0.S 

--

0.3 
--
0.1 

1.7 
0.1 
0.6 

--

--
--
--

1.7 
0.1 
0.6 
--Instrument Air Coop. 0.1 .... 0.1 -- 0.1 -- 0.1 -- 0.1 

Subtotal Utilities 0.9 0.S 0.4 1.8 0.3 2.1 0.4 2.5 -- 2.5 
TANWANGI 1.2 0.2 0.2 1.6 0.3 1.9 0.4 2.3 2.3 

O11 ITf 5 

Electrical Distribution 
New Control House 
Expend Other Buildings 
Irtecconnecting Piping 
Site Grading 
Oily Water Separator 
Place 

0.5 
0.2 
2.0 
1.5 
0.1 
0.1 
0.3 

0.3 
-
--
1.0 
---
0.1 
0.1 

0.2 
--
-. 
0.8 

0.1 
0.1 

1.0 
0.2 
2.0 
3.3 
0.1 
0.3 
0.5 

0.2 
--
0.4 
0.7 
--
--
0.1 

1.2 
0.2 
2.4 
4.0 
0.1 
0.3 
0.6 

0.2 
--
0.S 
0.6 
--
0.1 
0.1 

1.4 
0.2 
2.9 
4.8 
0.1 
0.4 
0.7 

--

--

--

--

--

1.4 
0.2 
2.9 
4.6 
0.1 
0.4 
0.7 

Subtotal Offaltes 4.7 1.5 1.2 7.4 1.4 6.8 1.7 10.5 -- 10.5 

Subtotal OSSL 6.6 2.2 1.8 10.8 2.0 12.6 2.5 15.3 15.3 

TOTAL PROJECT CASE 3A 37.3 10.0 6.0 55.3 9.9 65.2 13.5 70.7 0.6 79.5 

sF-sPt/Ts 
December 1. 1982 



TABLE 5 
MOMBASA REFINERY MODERNIZATION PROGRAM 

SU4MARY - CAPITAL COSTS 
U.S. 

- 4TH QUARTER 1982 - GULF 
DOLLARS IN HILLIONS 

COAST LOCATION 

CASE 4 

Facility 
Nat'1 & 
Subc. 

Dir. 
Labor 

Indirect 
Fid Costa Subtotal 

H.O.Coste 
6 Fee Subtotal Contg. Subtotal 

Chem 
Ctlyst Total 

ISBL 

Vacuum Plant 
Hydrocrackec 
Amine 
Claus Sulfur Plant 
Hydrogen Plant 
Sour Water Stripper 

7.3 
12.9 
1.0 
3.1 

17.5 
1.3 

2.0 
5.4 
0.1 
0.9 
7.0 
0.S 

1.6 
4.3 
0.1 
0.7 
S.6 
0.4 

10.9 
2i.6 
1.2 
4.7 

30.1 
2.2 

1.S 
4.0 
0.2 
0.7 
4.2 
0.3 

12.4 
32.6 
1.4 
5.4 

34.3 
2.S 

2.4 
6.4 
0.3 
1.1 
6.7 
0.5 

14.6 
39.0 

1.7 
6.S 

41.0 
3.0 

--
0.6 
--
0.3 
0.3 
--

14.8 
39.8 

1.7 
6.8 

41.3 
3.0 

Subtotal ISBL 49.1 15.9 12.7 77.7 10.9 88.6 17.4 106.0 1.4 107.4 

OSOL 

i-iInert 
F-4 

UTILITIES 
BFU Treating 
Steam Generation 
Power Generation 
Cooling Tower 
Fuel Oil Line 
Instrument Air Coup. 

Gas Generator 

0.S 
6.7 
4.2 
0.4 
0.1 
0.1 
0.1 

0.4 
3.2 
--
0.4 
--
.... 
.... 

0.3 
2.6 
--
0.3 
--

1.2 
12.5 
4.2 
1.1 
0.1 
0.1 
0.1 

0.2 
1.7 
0.6 
0.2 
--
-* 
--

1.4 
14.2 
4.0 
1.3 
0.1 
0.1 
0.1 

0.3 
2.7 
0.9 
0.3 
--
--
--

1.7 
16.9 
5.7 
1.6 
0.1 
0.1 
0.1 

--

--
--

--
--

1.7 
16.9 

S.7 
1.6 
0.1 
0.1 
0.1 

1 
F
4TAKIAGE 

12.1 

1.6 

4.0 

0.2 

3.2 

0.2 

19.3 

2.0 

2.7 

0.3 

22.0 

2.3 

4.2 

0.5 

26.2 

2.8 

-- 26.2 

2.6 

OFFS ITE 
reerla Distribution 

New Control House 
Expand Other 8ldqs. 
Interconnecting Piping 
Site Gradinq 
Oily Water Separator 
Flare 

1.0 
0.2 
2.0 
2.1 
0.1 
0.1 
0.4 

0.6 
--
--
1.3 
--
0.1 
0.1 

0.5 
--
--
1.0 
--
0.1 
0.1 

2.1 
0.2 
2.0 
4.4 
0.1 
0.3 
0.6 

0.3 
--
0.3 
0.6 
--
--
0.1 

2.4 
0.2 
2.3 
5.0 
U.1 
0.3 
0.7 

0.5 
--
0.5 
1.0 
--
0.1 
0.1 

2.9 
0.2 
2.6 
6.0 
0.1 
0.4 
0.6 

--
--
--
--
--
--
--

2.9 
0.2 
2.8 
6.0 
0.1 
0.4 
0.6 

Subtotal Offnites 5.9 2.1 1.7 9.7 1.3 11.0 2.2 13.2 -- 13.2 

Subtotal OSBL 19.6 6.3 5.1 31.0 4.3 35.3 6.9 42.2 -- 42.2 

TOTAL PROJECT CASE 4 68.7 22.2 17.8 108.7 1S.2 123.9 24.3 148.2 1.4 149.6 

SF-*PI/TS 
December 1. 1982 



Table 6
 

MOMBASA REFINERY CAPITAL COST ESTIMATE BASIS
 

The capital cost estimates sumnarized in Tables 1 through 5 are based 
on the Fourth Quarter 1982 prices at a U.S. Gulf Coast location. The 
costs include the following: 

0 	 Permanent plant equipment and materials including freight
 
to construction site.
 

* 	 Direct labor costs including wages, fringe benefits, and
 
payroll taxes and insurance.
 

" 	 Indirect field costs such as temporary buildings and facilities,
 
construction equipment and tools, consumable supplies, fuels,
 
field office costs and all costs associated with field nonmanual
 
personnel such as superintendents, engineers, field purchasing
 
agents, accountants, etc.
 

" 	 Engineering and other Home Office costs such as estimating,
 
cost control, scheduling, procurement, project management,
 
accounting, etc.
 

" 	 An allowance for an Engineering Contractor Fee.
 

* Contingency.
 

" Initial charge of catalysts and chemicals.
 

The costs exclude the following:
 

0 	 Cost of land.
 

* 	 Licenses and building permits. 

* 	 Taxes. 

* 	 Spare parts. 

• 	 Start-up support.
 

* 	 Extraordinary site development. 

* 	 Costs of revamping existing facilities 

* Interest during construction.
 

" Prefeasibility and engineering definition.
 

• 	 Working capital.
 

* 	 Royalties and process licenses. 

• 	 Owner's management costs.
 

III-C-15 	 it Arthur D. Little, Inc. A
 



Bechtel National, Inc.
 
Engineers -Constructors 

Fifty Beale Street 
San Francisco, California 
MaIlAddress: PC 	 8ux3965. SanFrancisco. CA 94119 

December 3, 1982
 

Mr. Charles Bliss
 
Office of Energy
 
United States International Development
 
Cooperation Agency
 

Agency for International Development
 
Washington, D. C. 20523
 

Dear Mr. Bliss:
 

Subject: 	 Contract DAN-5724-COO-1085-00 - Special Advisory Services
 
Review of the Estimate for Mombasa Refinery Modifications
 
Location Factors
 

As you requested at our meeting on November 30th, we are transmitting the
 
location factors between U.S. Gulf Coast and Kenya that were agreed upon
 
between Bechtel end A. D. Little. The attached table shows these factors
 
for each case ar. shows the application to Bechtel's USGC estimates to
 
convert to Kenyan costs.
 

A. D. Little agreed to increase their factor for Engineering and Home Office
 
from 1.0 to 1.10 in each case. Bechtel concurs with all other A. D. Little
 
recommended location factors based on the consid able research effort that
 
A. D. Little had expended in developing them.
 

Ver 1y our
 

F. Houle
 
Project Director
 

JFH/nbm
 
attachment
 

cc: 	Mr. Nigel Godley, A. D. Little, Inj
 
Mr. Isaac Sam, World Bank
 

III-c-16 	 /t Arthur D. Little, Inc. 



HOMBASA REFINERY MDIFICATIONS 

COST E511TATE IOCATION FACTORS 

BECHTEL EST JOINTLY DEVELOPED BECHTEL EST 
USGC COST 	 LOCATION FACTOR (1) KENYA COST
 

(IN MILLION (IN MILLION
 
OF U.S. DOLLARS) OF U.S. DOLLAR!
 

CASE I 	 Engineering, Other H.0, & Fee 0.5 1.10 0.5
 
Field Labor & Distributables * 0.6 0.77 0.5
 
Material & Equipment 2.2 1.80 (2) 4.0
 

Total 	 3.3 1.51 5.0
 

CASE 2 	 Engineering, Other H.O. & Fee 3.5 1.10 3.8
 
Field Labor & Distributables * 5.4 0.76 4.1
 
Material & Equipment 12.5 1.80 (2) 22.5
 

Total 	 21.4 1.42 30.4
 

CASE 3 	 Engineering, Other H.O. & Fee 11.7 1.10 12.8
 
Field Labor & DistribUables * 22.2 1.00 (3) 22.2
 
Material & Equipment 43.7 1.80 (2) 78.7
 

Total 	 77.6 1.47 113.7
 

CASE 3A 	 Engineering, Other H.O. & Fee 11.9 1.10 13.1
 
Field Labor & Distributables * 21.7 1.06 (3) 23.0
 
Material & Equipment 45.9 1.80 82.6
 

Total 	 79.5 1.49 118.7
 

CASE 4 	 Engineering, Other H.O. & Fee 18.1 1.10 19.9
 
Field Labor & Distributables * 47.8 1.02 (3) 48.8
 
Material & Equipment 83.7 1.80 (2) 150.7
 

Total 	 149.6 1.47 219.4
 

NOTES: 	 (1) Agreed between A. D. Little and Bechtel at 11/30/82 meeting.
 

(2) 	Includes: Transportation, port clearances, insurance, bank charges. 22% 

Average of cuatom duties . . . . . . . . . . . . . . . . 43% 

Sales tax . . . . . . . . . . . . . . . . . ....... 15% 

(3) Reflects need for additional people above resident work force and training.
 

• Includes Manual Field Labor, Temporary Construction, Construction Equipment,
 
Tools, Consumable Supplies, Fuels, and Non-Manual Field Labor such as
 
supervision, engineering, purchasing, accounting, etc.
 

A Arthur D. Little, IncM4III-c-17 




APPENDIX III-D
 

OPERATING COST TABLES
 

A ArthurD. Uttle, Inc.
 



TABLE III-D-1
 

MOMBASA REFINERY ACTUAL GPERATING EXPENSES
 

Variable Costs 

1979 

106 KS $/B 106 KS 

1980 

$/B 106 KS 

1981 

$/B 

1982 Budget 

106 KS $/B 

TEL 
Other Process Mat. 

Electricity 

Water 

S.T. Variable Costs 

21.2 
3.2 

11.5 

3.2 

39.1 

0.14 
0.02 

0.08 

0.02 

0.26 

33.2 
6.3 

15.2 

4.7 

59.4 

0.19 
0.04 

0.09 

0.03 

0.35 

38.8 

3.4 

18.8 

3.7 

64.7 

0.22 

0.02 

0.10 

0.02 

0.36 

45.2 

6.3 

30.0 

4.2 

85.7 

0.22 

0.03 
0.14 

0.02 

0.41 

Fixed Costs 

Benefits/Training, etc. 

Labor (Excl. Maint.) 

SIPM Service Fee 
S.T. "Labor" Costs 

5.7 

20.8 

13.3 

39.8 

0.04 

0.14 

0.09 

0.27 

6.4 

25.5 

9.3 

41.2 

0.04 

0.15 

0.06 

0.25 

6.9 

27.8 

14.4 

49.1 

0.04 

0.15 

0.08 

0.27 

7.4 

32.3 

15.0 

54.7 

0.04 

0.15 

0.07 

0.26 

Maintenance Labor 1.6 

Routine Maintenance 8.1 
Planned Maintenance/S.D. 4.9 
S.T. Maintenance 14.6 

0.01 

0.05 
0.03 
0.09 

1.7 

10.5 
9.5 

21.7 

0.01 

0.06 
0.06 
0.13 

1.5 

6.6 
8.5 

16.6 

0.01 

0.03 
0.05 
0.09 

1.6 

13.2 
18.1 
32.9 

0.01 

0.06 

0.09 
0.16 

Insurance 

Exchange Losses 

Other Contracts 

Other Material & 

Sundries 

3.7 

1.9 

4.0 

6.6 

0.03 

0.01 

0.03 

0.04 

4.1 

(3.1) 

5.0 

9.6 

0.02 

(0.02) 

0.03 

0.06 

4.5 

1.8 

5.9 

11.6 

0.03 

0.01 

0.03 

0.06 

4.5 

2.0 

7.4 

15.2 

0.02 

0.01 

0.03 

0.07 

S.T. Fixed Costs 70.6 78.5 0.47 89.5 0.49 116.7 0.55 

Total Op. Cost 109.7 0.73 137.9 0.82 154.2 0.85 202.4 0.96 

Crude Runs: MB/Yr 20,269 22,486 20,045 19,980
 



TABLE III-D-2
 

1982 BUDGET MOMBASA OPERATING COSTS VS. USGC OPERATING COSTS
 

1982 $/B
 

Variable Costs 1982 Mombasa Bud gt USGC Refine,. 

TEL 0.22 0.06 

Other Process Materials O.0Ei 0.04 

Electricity 0.]4 0.10 

Water 0.02 0.04 

S.T. Variable Costs 0.41 0,24 

Fixed Costs
 

1.05
0.27
Manpower 

0.27
0.15
Maintenance Materials 


_.3 0.22Taxes, Insurance & Other 

0.55 1.54S.T. Fixed Costs 


(1.96 1.78
Total Operating Costs 


(1)60 MB/SD capacity, hydroskimming configuration 

III-D-2 /t\ArthurD.Litte,Inc.
 



TABLE III-D-3
 

MOMBASA REFINERY
 

1982 BUDGZT OPERATING COSTS: 103 1982 US$
 

Variable Costs 

TEL(2) 

Electricity (1) 

Annual 
Cost 

4280 

2840 

Local 

1412 

2272 

Foreign 
Exchange 

2868 

568 

Annual* 
Cost 
$/B 

0.22 

0.14 

Local* 
$/B 

0.07 

0.11 

Foreign* 
Exchange 

$/B 
0.15 

0.03 

Steam ...... 

Boiler Feed Water ( 2 )  --....... 

0 

Water(l) 

Catalyst & Chemicals 1 

S.T. Variable Costs 

398 

- 597 

8,115 

318 

478 

4,480 

80 

119 

3,635 

0.02 

0.03 

0.41 

0.02 

0.02 

0.22 

0 

0.01 

0.19 

Fixed Costs 

Labor 3,059 3,059 0 0.14 0.14 0 

Benefits 701 701 0 0.04 0.04 0 

Management Fee 

Maintenance (3) 

Insurance and Other 

1,420 

3,116 

2,566 

0 

2,119 

2,566 

1,420 

997 

0 

0.07 

0.16 

0.13 

0 

0.11 

0.13 

0.07 

0.05 

0 

Exchange Losses 

S.T. Fixed Costs 

189 

051 

0 

8,445 

189 

2,606 

0.01 

0.55 

0 

0.42 

0.01 

0.13 

Total Operating Costs 19,166 (4 )  12,925 6,241 0.96 0.64 0.32 

* Based on budget crude 19,980 MB/yr 

(1) Arthur D. Little estimate 80% local, 20% foreign exchange 

(2) Arthur D. Little estimates 33% local, 67% foreign exchange 

-
(3) 
(4) 

Arthur D. Little estimates 68% local, 32% 
Actual Mombasa budget 19,178 103 $ 

foreign exchange 



TABLE III-D-4
 

MOMBASA CASE 1
 

1995 INCREMENTAL OPERATING COSTS: 103 1982 US$(')
 

Incremental Annual Inc. Annual (16) 


Variable Costs (Units: A/B) Consumiption Consumption Unit Cost Cost Local 

A B
 

" 
TEL(2 ) 0 (3) 0 -- (11) 0 0 


Electricity: kw/wh 100 804 5.9 c!kwlh 47 38 


6 1 2 )

Steam: M#/hr/lO 20 (3) 161 $0.26/m# 42 34 


Boiler Feed Water: m#/hr/lO6gal - (3)-- $3.09/gal 0 0

(3) (13) 

Cooling Water: gpm/106 gal -- -- $2.06/gai" 0 0 

Catalyst '%Chemicals: $/D/M$/yr 232 (4) 78 (4) 78 52 


S.T. Variabie Costs 167 124 


Fixed Costs
 

(5) (15) 
Labor (excl. maintenance): men 28 28 3,900 $/yrl09 109 


Benefits: @ 25% labor 27(6) 27 


Management Fee @ 0.75% InvestmentC (7) 37 0
(8)
 

Maintenance @ 2.5% Investmentc 123 84 


Insurance and Other @ 0.6% Investmentc 29 29
(10)
 

Exchange Losses 0
 

S.T. Fixed Costs 325 249 


373
Total Operating Costs: 103$ 492 


c 4.9 million $ $/B Crude* /% local/% foreign: 0.02 76 


*Based on Base Case Crude = 28.368 MB/yr
 

Note: See Table II!-D-9 for explanation of footnotes
 

Foreign (16)
 
Exchange
 

0
 

9
 

8
 

0
 

0
 

26
 

43
 

0
 

0
 

37
 

39
 

76
 

119
 

24
 

0 



TABLE III-D-5 

Variable Costs (Units: A/B) 

MO'BASA CASE 2 
3(1 

1995 INCREMENTAL, OPERATING COSTS: 10 19F2 US$ 

Increnwntal Annual Inc. 

Consum"tion Consumption Unit Cost 

A B 

Annual 
Cost 

103$ 

(16) 
Local 

103$ 

(16) 
Foreigni 
Exchange 

035 

TEL (2 ) 0 0 0 0 0 

Electricity: kw /mwh 

Steam: m#/hr/l06#  

Boiler Feed Water: m#/hr/lO6gal 

Cooling Water; gpmjO 6 gal 

Catalyst & Chemicals: $/D/M $/Yr 

S.T. Variable Costs 

700(3) 

(10) (3 )  

15 (3) 
(35% mark up) 

100 (3 )  

(20% mark up) 

277 (4 )  

5628 

(80) 

5 

10 

93 

5.9c/kwh (1I)  

$0.26/m# (12) 

$3.09/gail 4 ) 

$2.06/gai (13 ) 

(4) 

332 

(21) 

15 

21 

93 

440 

265 

(17) 

12 

17 

62 

339 

67 

(4) 

3 

4 

31 

101 

Fixed Costs (5) 

Labor (excl. maintenance): men 

Benefits: @ 25% labor 

84 84 3,900 $yr(15) 328 
82(6) 8 

82 0 

Management Fee @ 0.75% Investmentc 

Maintenance @ 2.5% Investmentc 

(7) 

(8) 

242 

805 

0 

547 

242 

258 

Insurance & Other @ 0.6% Investmentc 

Exchange Losses 

S.T. Fixed Costs 

0(10 ) 0 

193 

0 

1650 

193 

0 

1150 

0 

0 

500 

Total Operating Costs: 103 $ 2090 1488 601 

c 
=$ 

llion $/B Crude*  % Local, % Foreign: 0.07 71 29 

~ 
*.Basedon Base Case Crude = 28.368 MB/yr 

Note: See Table 'I1I-D-9 for explanation of footnotes. 



TABLE III-D-6 

11)'15 1NC!, .'I'NI . ul'L:.\i INt , 

,S.: 3 

COSIS: 1) ]982 I*,,, ) 

Variable CosLs (Units: AI) 

Electricity: .Umwh 

Steam: M l!hr/10 6 :: 

Boiler Feed Water: m,/hr/1O gal 

Cooling Water: qpm/1O 6 gal 

Catalyst & Chemicals: $/D/M$/Yr 

s.T. Variable Costs 

I nT-revient a 1 
Consu:pt ion 

A 
0 

4,000 (3 ) 

(15553) 

2450 ) 

14700 ) 

2550 4 ) 

.\nliia I 
Cof ;Umit 

B 
0 

32,160 

(1.246) 

83 
141 

85 

'nc. 
ion 1nit Co~t 

(11) 

5.? wh 

O.J # 

3. y/jai 
2.06/gal 

Annua 1 
(X'tA 

10-
0 

1.897 

(324) 

256 
292 

85 

2206 

( ( ) 
I 

0 

1518 

(259) 

205 
234 

68 

1766 

Forei.n (i1 h 
Exchan, -

0 

379 

(65) 

51 
58 

17 

440 

4 

Fixed Costs 
Labor (excl. maintenance): men 

14015) 
140 140 

(15) 

3.9005/Yr 546 546 0 

Benefits: @ 25% labor 1 3 7 137 0 

Management Fee H,0.75% Investmentc 

Maintenance @ 2.5% Investmentc 

Insurance and Other @ 0.67 Investment c 

Exchange Losses 

S.T. Fixed Costs 

Total Operating Costs: 103 

c1 2 2 .0 million $ 

(7) 

(8) 

(9) 

O( 10 ) 0 

$/B crude*/% loal/% foreign: 

915 

3050 

732 

0 

5380 

7586 

0.27 

0 

2074 

732 

0 

3489 

5255 

69 

915 

976 

0 

0 

1891 

2331 

31 

*Based on Base Case Crude = 28.368 MB/yr 

Note: See Table III-D-9 for explanation of footnotes. 



TABLE III-D-7 

3 AMOMBASA CA; 

103 1982 USs ( I ) 
1995 INCRENIENUAL OPERATING COSTS: 

Incremental Annual Inc. Annual (16) Foreign(16) 

Consumption Consumption Unit Cost Cost Local Exchange 

Variable Costs (Units: A/B) 100 I03!A (11) 10.3$ O O
(EL2) 


0 0 5.9 C/Kwh 0 0 0
TEL 
(3) (12) 

Electricity: KW/MWH 4.310 34,566 0.2 6 /* ) 2.039 1631 408 

Steam: M#/hr/lO (147) (3 )  1,179 3.09/mgal (307) (245) (62) 

Boiler Feed Water: m#/hr/lO6 gal 243 82 2 .06/mgli 253 203 50 

11570 (3 )  Cooling Water: gpm/10 6 gal 151 312 230 b2
 

320 (4 )  
Catalyst & Chemicals: $/D/M$/Yr 107 (4) 107 21 

2404 1925 429S.T. Variable Costs 


Fixed Costs (15)
 

Labor (excl. maintenance): men 168 168 3.9005/Yr 655 655 0
 

164 1b.16 0
Benefits: @ 25% labor 


Management Fee @ 0.75% InvestmentC (7) 952 0 952
 

Maintenance @ 2.5% Investmentc (8) 3173 21S8 1015
 

Insurance and Other @ 0.6% Investmentc (9) 761 761 0
 

Exchange Losses 0 (10) 0 0 0 _
 

5705 37-38 1967
 

Total Operating Costs: 10 $ 8109 5663 2446
 

a126.9 million $ 


S.T. Fixed Costs 


$/B crude*/% local/% foreign: 0.29 70 30
 

C. 126.9 million $
 

*Based on Base Case Crude = 28.368 MB/yr.
 

Note: See Table III-D-9 for explanation of footnotes.
 



TABLE III-D-8 

MOMBASA CASE 4-1995 INCREMENTAL OPERATING COSTS 1982 US$ 

Incremental Annual Inc. Unit Annual Foreign 

Variable Costs Consumption Consumption Cost Cost Local Exchange 

A B 103 $ 103$ 103$ 

TEL A B 0 0 - 0 0 0 

Electricity: Kw/Mwh 7.545( 3 )  60,662 5.9C/Kwh( 1 2 ,638 2910 728 

Steam: M#/hr/106 # 
Boiler Feed Water: M#/hr/106 gal 

130 
253 (3 )  

1,045 
86 

0.26/103#(14) 
3.09/103gal 

272 
266 

218 
213 

54 
53 

Cooling Water:Fpm/O6 gal 
£ ~(3)

5500 530 
(3

2.06/i03 gl31,092 874 218 

(4) (4) 
Catalyst & Chemicals $/D/M$/Yr 3560 1,193 -- 1,193 799 394 

S.T. Variable Costs 6,461 5014 1447 

w
I 

Fixed Costs 

0(5) 
Labor (excl. maintenance): men 168 168 3.900 $/y 15) 655 655 0 

Benefits @ 25% labor 164 (6) 164 0 

Management Fee @ 0.75% InvestmentC 1769 0 1769 

Maintenance @ 2.5% Investmentc (8) 5895 4009 1886 

Insurance & Other @ 0.6% InvestmentC (9) 1415 1415 0 

Exchange Losses (10) 0 0 0 

S.T. Fixed Costs 

SS.T. Fixed Costs 9898 6243 3655 

Total Operating Costs: 106 $ 16359 11257 5102 

c. 235.8 million $ /B crude*/% local/% foreign: 0.58 69 31 

*Based on Base Crude - 28.368 MB/yr. 

Note: See Table III-D-9 for explanation of footnotes. 



TABLE 	III-D-9
 

OPERATING COST FOOTNOTES
 

1. 	 Based on 335 SD/yr operation.
 
Assume TEL constant at maximum.
2. 	 Gasoline production constant. 


Arthur D. Little incremental utility requirements.
3. 

(1.0 	+ 0.15 Trans. + 0.50 local charges)
4. 	 U.O.P. Estimates in USGC x 1.72 


U.O.P. estimate 	x 4.6 men/shift.
5. 	 U.O.P: ISBL manpower 
- ISBL manpower


Arthur D. Little: Utilities and offsites manpower 

= 2.0 x(Operations +
 Arthur D. Little: 	 Administration and support 


Utilities/Offsites)
 
= 


Total manpower 28 persons/shift position
 
25% labor


6. 	 Benefits based on actual 1981 and 1982 budget 
= 


Mrnagement fee based on actual 1980 and 1982 maintenance costs as 
a
 

7. 

percent.of Replacement Cost New (RCN) - 0.75%.
 

Maintenance costs based on actual 1980 and 1982 mainte-nance 
costs as
 

8. 

a percentage of RCN = 2.5%.
 

actual 1980 and 1982 costs as a percent
9. 	 Insurance and other based or 

= 
of 	RCN 0.6%.
 

-10. 	 Future exchange losses assumed 0.
 

11. 	 Electricity cost based on actual 1981 actual cost x 
1.1.
 

12. 	 Steam cost (excluding fuel) based on USGC cost x 1.35 location 
factor.
 

Cooling water based on 1982 budget cost of $2.06/M gallon.
13. 

Boiler Feed based on cooling water @ USGC treating cost x 

1.35

14. 


($1.03/M gal) = $3.09/M gallon.
 

Labor based on 1982 Mombasa Refinery Budget Operator wages.
15. 

16. Allocation of Operating costs 	to local and Foreign Exchange:
 

" 	Electricity, Steam, BF Water and cooling water based on
 

80% local, 20% foreign.
 

foreign and 33% 	local
" 	Chemicals and Catalyst based on 67% 


" 	Labor and benefits: 100%
 

" 	Management fee: 100%
 

" 	Maintenance:
 

50% Labor: 100% local
 

50% Materials: 	 64% Foreign
 
36% Local
 

Total Maintenance: 	 68% local
 
32% foreign
 

100% local
* 	Insurance and other: 


III-D-9 	 Adhur D. I 



TABLE III-D-10
 

MOMBASA REFINERY EXPENSES 000$/yr
 

KENYA AND CONTIGUOUS MARKET
 

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995+ 

Case 1: Variable 
Fixed 

Total 

128 
325 
452 

14b 
325 
471 

149 
325 
474 

152 
325 
477 

155 
325 
480 

157 
325 
482 

159 
325 
484 

162 
325 
487 

164 
325 
489 

167 
325 
492 

Local 

Foreign 

344 

109 

358 

113 

360 

114 

362 

115 

364 

116 

365 

117 

367 

117 

369 

118 

371 

118 

373 
119 

Case 2: Variable 
Fixed 

Total 

-
-
-

148 
825 
973 

359 
1650 
2009 

386 
1650 
2036 

393 
1650 
2043 

40:1 
1650 
2052 

411 
1650 
2061 

421 
1650 
2071 

430 
1650 
2080 

440 
1650 
2090 

Local 
Foreign 

-
-

689 
284 

1426 
583 

1447 
589 

1453 
590 

1460 
592 

1466 
595 

1474 
597 

1481 
599 

1489 
601 

Case 3: Variable 
Fixed 

Total 

-
-
-

740 
2690 
3430 

1701 
5380 
7081 

1933 
5380 
7313 

1976 
5380 
7376 

2020 

5380 
7400 

2085 

5380 
7445 

2111 

5380 
7491 

2157 

5380 
7537 

2206 

5380 
7586 

0 Local 
Foreign 

-
-

2337 
1093 

4850 
2231 

5035 
2278 

5070 
2286 

5105 
2295 

5141 
2304 

5178 
2313 

5215 
2322 

5255 
2331 

Case 3A Variable 
Fixed 

Total 

-
-
-

809 
2853 

1855 
5705 
75-0 

2099 
5705 
760 4 

2136 
5705 
7841 

2187 
5705 
7892 

2239 
5705 
7944 

2293 
5705 
7998 

2348 
5705 
8053 

2404 
5705 
8109 

Local 
Foreign 

-
-

2517 
1145 

5222 
2338 

5417 
2387 

5447 
2034 

5488 
2404 

5529 
2415 

5572 
2426 

5616 
2437 

5663 
2446 

Case 4: Variable 

Fixed 
Total 

-

-
-

-
-
-

4567 
9898 

14465 

5720 
9898 

15618 

5756 
9898 

15654 

5891 
9898 

15789 

6028 
9898 

15926 

6169 
9898 
16067 

6313 
9898 

16211 

6461 
9898 

16359 

Local 
Foreign 

-
-

-
-

9787 
4678 

10682 
4937 

10710 
4944 

10815 
4974 

10921 
5005 

11030 
5037 

11142 
5069 

11257 
5102 



TABLE III-D-11
 

MOMBASA REFINERY INCREMENTAL OPERATING COSTS: 000 $/Yr
 

Kenya Market Demand 

1986 1987 1988 1989 1990 1991 1992 1993 .'94 1995+ 

CASE 1: Variable 
Fixed 

Total 

Local 

Foreign 

360 
325 

685 

530 

155 

406 
325 

731 

566 

165 

413 
325 

738 

571 

166 

420 
325 

745 

577 

168 

428 
325 

743 

583 

170 

435 

325 

760 

588 

172 

442 

325 

767 

594 

173 

450 

325 

775 

600 

175 

458 

325 

783 

607 

177 

466 

325 

781 

612 

179 

CASE 2: Variable 

Fixed 

Total 

Local 
Foreign 

--

--

--

--

--

116 

825 

941 

664 

277 

281 

1650 

1931 

1366 

565 

300 

1650 

1950 
1S1 

569 

306 

1650 

1956 
1386 

570 

311 

1650 

1961 
1389 

572 

317 

1650 

1967 
1394 

572 

322 

1650 

1972 
1398 

574 

328 

1650 

1978 
1403 

575 

333 

1650 

1983 
1406 

577 

CASE 3: Variable 
Fixed
Total 

--

--
--

583 
2690
3273 

1334 
5380
6714 

1508 
5180
6888 

1534 
5380
6914 

1561 
5380
6941 

1588 
5380
6968 

1616 
5380
6996 

1644 
5380 
702-

1673 
5380 
7053 

Local 
Foreign 

--

--

2210 
1063 

4556 
2158 

4695 
2193 

4716 
2198 

4738 
2203 

4759 
2209 

4782 
2214 

4804 
2220 

4827 
2226 

CASE 3A: Variable 

Fixed 

Total 
Local 

Foreign 

--

--

--

--

--

634 

2853 

3487 
2377 

1110 

1453 

5705 

7158 
4900 

2258 

1645 

5705 

7350 
5054 

2296 

1671 

5705 

7376 
5075 

2301 

1700 

5705 

7405 
5098 

2307 

1729 

5705 

7434 
5121 

2313 

1759 
5705 

7464 
5145 

2319 

1790 
5705 

7495 
5170 

2325 

1820 
5705 

7525 
5194 

2331 

CASE 4: Variable 
Fixed 

Total 
Local 
Foreign 

. 

.. 

... 

.. 

.. 

--

.. 

.. 

.. 

3675 
9898 

13573 
9095 
4478 

4581 

9898 

14479 
9798 
4681 

4581 

9898 

14479 
9798 
4681 

4661 

9898 

14559 
9860 
4699 

4741 

9898 

14639 
9922 
4717 

4823 

9898 

14721 
9986 
4735 

4908 

9898 

14806 
10052 
4757 

4993 

9898 

14891 
10118 
4773 

Mw 



TABLE III-D-12 

BLACK OIL RULE - CONTIGUOUS MARKET 

DIFFERENTIAL OPERATING COSTS US BASE CASE 

Million 1982 US$ 

Variable Costs 

Fixed Costs 

Total Costs 

Local CosLs 

Foreign Costs 

LCrude: 000 TN/yr 

1986 1987 

(7.7) (8.0) 

(4.9) (4.9) 

(12.6) (12.9) 

(7.8) (8.0) 

(4.8) (4.9) 

(2555) (2651) 

1988 

(8.1) 

(4.q) 

(13.0) 

(8,0) 

(4.9) 

(2686) 

1989 

(8.2) 

(4.9) 

(13.1) 

(8.1) 

(5.0) 

(2721) 

19SO 

(8.3) 

(4.9) 

(13.2) 

(8.2) 

(5.0) 

(2751) 

1991 

(8.3) 

(4.9) 

(13.2) 

(S.2) 

(5.0) 

(2731) 

1992 

(8.2) 

(4.9) 

(13.1) 

(8.'; 

(5.0) 

(2706) 

1993 

(8.1) 

(1-.9) 

(13.0) 

(8.0) 

(4.9) 

(2676) 

1994 

(8.0) 

(4.9) 

(12.9) 

(8.0) 

(4.9) 

(2656) 

1995 

(8.0) 

(4.9) 

(i2.9) 

(8.0) 

(4.9) 

(2631) 
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APPENDIX V-A
 

FINANCIAL AIM ECONOMTC ANALYSIS-METHODOLOGY
 

1. 	 Introduction
 

In order to perform the financial and economic analysis of the
 
different upgrading options for the Mombasa refinery, Arthur D. Little
 

developed a computer nodel In APL language using an IBM 5100 series
 

desktop computer. The model performs three principal sets of
 
calculations and analyses:
 

* 	 Calculation of EAOR refinery processing fee and refinery cash
 

flow.
 

* 	 Analysis of total project economics and distribution of cash
 
flow.
 

* 	 Analysis of Impact on Kenya's Balance of Payments.
 

Each 	is described in Sections 2, 3 and 4 of this Appendix.
 

The model is fully integrated with built-in input checking routines and
 

can be run on any IBM 5100 series computer equipped with a magnetic
 

mass storage unit (tape or diskette) and a 132 character printer. We
 

recommend t at future modification of this model should only be
 

undertaken after careful consideration and then by qualified staff with
 

a strong background in APL programming.
 

The purpose of this Appendix is to provide details of the algorithms
 

and calculations used in the financial and economic analysis of the
 

options. The capital letters applied to each item refer to the column
 

headings of the computer printouts which are integrated into the text.
 

This Appendix is to be read in conjunction with Appendix V-B which
 

contains a sample calculation to show the derivation of Case 3A
 

results.
 

2. Processing Fee Calculation and Refinery Cash Flow (Tables 1 and 2)
 

a. Assumptions
 

For 	the purposes of this analysis, it was assumed that the existing
 

financial yardstick in the processing fee would remain unchanged; the
 

current tax regime (i.e., corporate and refinery throughput taxes at
 

45% and 15% respectively) is also assumed to remain unchanged.
 

A ArthurD.Little,[Mc.V-A-1 



b. Calculational Procedure
 

The processing fee revenue is made up of four components:
 

* Cash operating expenses (D)
 

* Book depreciation (E)
 

* Corporate tax (I)
 

* Net operating income (J)
 

The net operating income (J) is calculated at 12.5% of the average
 

capital employed or ACE (K). The ACE is the average of the value of
 

net assets at the beginning and end of each year. The net assets at
 

the beginning of operations are computed as the arithmetic sum of all
 

investments incurred during the construction period, including import
 

taxes and duties and interest during construction, as they would be
 

recorded in the refinery's books of account.
 

The net assets at the end of the first year of operation are the sum of
 

the initial book value of all investment items, as recorded in the
 

refinery books, (inflated using our inflation assumption), minus
 

depreciation calculated at 5% of the inflated investment for one full
 

year (irrespective of the actual commissioning date). (EAOR actually
 

uses an Engineering Record index of inflation for plant and equipment.)
 

In subsequent years, the net asset value at the end of each year is
 

assumed to be the initial book value at the beginning of operations,
 

plus inflation, minus cumulative depreciation at 5% p.a. The annual
 

book depreciation is the value of one annuity (calculated at 5%) of the
 

cumulative depreciation.
 

The value of the corporate tax is required to calculate the gross
 

revenue of the refinery and the throughput tax (which is set at 15%) of
 

the gross refinery revenue. The legislation provides for the refinery
 

to recover the corporate tax through the processing fee; we therefore
 

developed an algorithm to deal with this problem as shown in Figure
 
V-A-I.
 

The refinery is not permitted to recover the throughput tax by
 

increasing the processing fee.
 

Annual fiscal depreciation (used only for corporate tax calculations)
 

was assumed at 12.5% of the book value of the asset at the time of
 

commissioning.
 

Gross revenue, corporate and throughput taxes are calculated using the
 

algorithm described above.
 

V-A-2 /It ArthurD. Uttle, Inc.
 



FIGURE V-A-i 

ALGORITHM[ USED TO CALCULATE GROSS REVENE Or EAOR
 

(letters refer to various columns in Tables 1 and 2)
 

Averge capital employed (ACE): K S2,639.91 

Book depreciation E 237.72 

Gross revenue C 939.19 

Throughput tax G 140.88 

Operating cost D 245.88 

Interest H 91.43 

Fiscal depreciation F 181.90 

Corporate tax I 125.60 

Net operating income J 329.99 

and I = 0.45 x [C-(G + D+ H + F)] 

or I = 0.45 x (C-(0.15 Y C + D = H + F)] 

or I = 0.3825C - 0.45 [(D + II + )] (1) 

J = 0.125 K 
and I = C - 0.8250 K - (D + E) (2) 

C=J + I +D +E 

(1) and (2) give
 

C - 0.825 OK - (D + E) = 0.3825C - 0.45 (D + H + F)
 

or C = 0.125K + 0.55 D + E - 0.45 (F + H) 
.6175 

V-A-3 A ArthurD. Uttle, Inc.
 



c. Output Tables
 

The computer printouts (Tables 1 and 2) can then be read as follows:
 

* 	 Table 1
 

A: 	 Unit processing fee: gross revenue (C) divided by total
 
crude processed (B).
 

H1: 	 Tnterest is computed on the outstanding balance of the
 
loan principal and is tax deductible.
 

J: I!et operating income is gross revenue (C) minus the sum 
of cash operating income plus book depreciation and 
corporate tax (D+E+I). 

* 	 Table 2
 

J: 	 12.57 of the average capital employed (K).
 

L: 	 Net income is the net operating income (J) minus the
 
throughput tax and interest (C+H).
 

P: 	 Net cash flow is the net operating income (L) plus the
 
book depreciation (E) (a non-cash item) minus the
 
outflow of equity investment and the repayments of loan
 
principal (N), adjusted on an annual basis by the
 
variation in working capital (H). We assumed a 30 day
 
payment collection period and liquidation of all
 
payables and receivables 16 years after commissioning of
 
the project.
 

3. Total Proiect Fconomics and Cashflow Distribution
 

a. Assumptions
 

To avoid the complication of forecasr tng local inflation and Kenyan 
shilling/U.S. $ exchange rates we performed the analysis entirely in 
U.S. dollars. Also since the analysis is performed on an incremental
 
basis, shadow prices and costs were not assessed to reflect the true
 
market value of the petroleum products and costs. The incremental
 
approach allowed us to deal only with gains and losses in imports and
 
exports, valued at Kenya's border.
 

The value of the absolute foreign exchange savings, a performance 
measure of considerable importance for Kenya, could also be increased 
by a shadow factor to reflect the scarcity of foreign exchange in 
Kenya. The conservative approach of not applying such a factor has 
been used in this study. Similarly, local costs, including the 
employment of an incremental local labor force, were evaluated using 

V-A-4 	 /t ArthurD. Uttle, Inc.
 



Table 1 
HH ;:;,IT|_|IM# V.' 

> 
u1 

YEAzRS 

IVU7 

1988 
198? 
1990 
1991 
19.'2 
1Y93 
1991 
1tY5 
199A 
1997 
1998 
1999 
2000 

2001 

A 
PROCLSS 

FEE 
($I/tItL.) 

1.55 

1.65 
2.18 
"2.25 
2.36 
2.43 
2.49 
2.55 
3.31 
3.38 
3.43 
3.48 
3.t2 
3.55 

3.ts4 

TOIAL 

B 
CRUDE 

PROCESSEDo 
(000 *BEL.) 

241314.80 

23:41.00 
20130.00 
204;96.00 
20986.44 
21484.20 
21996.60 
22523.64 
23050.00 
23058.00 
23058.00 
23058.00 
23058.00 
23058.00 

23058.00 

337078.68 

C 
GROSS 

REVENUFS 

38.55 

38.27 
4.3.95 
46.20 
49't 
5:.20 
54.87 
"6.35 
76.31 
77.90 
79.16 
80.26 
81.18 
81.91 
81.60 

939.19 

OPL-H611gH, ZINCOML S IATEM4ENT 

D E F 
CASH UOOK FI;CAtL 

OPERATINI; ILP.RE. [EF'E. 
ctiSiS 

5.04 9.09 22.74 

11.03 11.08 22.74 

12.07 11.7,1 .2. 74 

12.2e. .45 22.74 

13.71 13.."o 27.74 

14 . 3 13.9Y 22. 7'4 

1t.62 14. s3 ?2.74 

16.67 Il;. 2 ?:'.74 

17. 7. 16.66 .00 

18.6H 17.49 .00 

19.61 10i.3? .00 

20.59 19.?0 .00 

21.62 20. 2th .0U 

22.71 '1.26 .Ud 

23.8'6 ?2.32 .00 

245.88 237.72 Iil.90 

G 
IHRIIPUI 

I illy 

.. 
5.74 
6.59 
6.93 
7.42 
7.03 
U.23 
V.60 
11.45 
11.68 
11.37 
1?.04 
12.18 
12.29 
12.24 

1110.91 

H 
INlI-RES 

00 
14.55 
t3.23 
11.92 
10.60 
9.29 
7.96 
6.8 
5.69 
It ..s5 
3.41 
2.28 
1.14 
.00 

91.43 
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the conservative assumption that these resources will be transferred
 

from other projects and therefore their costs have been debited
 

entirely against the refinery expansion project. To the extent that an
 

otherwise unemployed local labor force can be used, its shadow cost to
 

the project should be reduced by savings in social costs incurred by
 

the Government.
 

b. Output Tables
 

0 Table 3
 

The foreign and local components of the investment (A and B)
 

are included in this printout for reference purposes only and
 

are not directly used in calculating the project's cashflow;
 

the investment will be funded partly from foreign and the
 

remaining from local loans. Lenders are assumed to make
 

payments directly to the suppliers of services ani equipment.
 
Therefore, only the equity funds used in the investment (C
 

and D) have a direct impact on the project cashflow. The
 

debt service columns (E and F) include principal repayments
 

and interest on the declining balance of the outstanding
 

loan. Interest and principal repayments are not shown
 

separately since the analysis of total project economics was
 

performed on a pre-tax basis. From a total project view
 

point, taxes are a transfer payment and thus do not impact on
 

overall project economics. As explained in Table 5, taxes
 

are taken into account when considering the distribution of
 

the project cashflow between the parties of interest.
 

Incremental cash operating costs (G and H) must be
 

specifically calculated for each case. The total outflow (I)
 

is then the sum of all out-of-pocket expenses, including
 

equity, (C and D), debt service (E and F) and cash operating
 

costs (G and H).
 

* Table 4
 

The net material balance (0) is the difference between the
 

material balance gains (M = J and K and I.)minus the decrease
 

in HSFO exports (N). The change in working capital (P)
 

consists of two elements:
 

The increase/decrease in payables and receivables of the
 

project (imports of crude oil and services and exports
 

of products) calculated assuming a 30 day average
 

payment/collection period.
 

The second element of working capital reflects the
 

impact of the new configuration on the level of crude
 

oil and intermediate products inventory. The increase
 

or decrease (a specific function of each option) in the
 

total level of inventories held within the refinery (and
 

V-A-7 V-A-7 A ArthurD. Little, Inc. 



Table 3 

i l rt I;# n';.PE I,Ii tsP 

CAS1 3 ; CO j I.r It: I I,'tJrtal|. 

I '[ 1 , ' . U.' 

CA'II-(Of ItlI.oL I' I A I i.riI N I 

A B C 
MILLIONS OF

D 
EU~kENI L.s.

E 
l'UL.I..!, 

F G H I 
YEARS FOREIGN LOCAL EQUITY EQUITY 1-0fRFIGN L.0CAL FOREIGN LOCAL TOIAi. 

INVEST. INVEST. ON FOREIGN ON LOCAL. ieIm lIElr OP. COSTS OP. COSTS OUfFLOU 

19n3 .00 
(EX DUTIES) 

.00 
INVESTMENT 

.00 
INVESTMENT 

.00 
SERVICE 

.00 
SERVICE 

.00 .00 .00 .00 
984 2.08 .00 .00 .00 .00 .00 .00 .00 .03 
1985 58.66 3.77 .00 2.94 .00 .00 .00 .00 2.94 
1986 36.60 18.17 .00 14.53 .00 .00 .011 .00 14.55 
1987 15.63 9.72 .00 7.78 .00 .00 1.58 3.46 12.82 

> 1988 .00 .00 .00 .00 23.13 2.18 3.41 7.62 36.34 
1989 .00 .00 .00 .00 2"1.00 2.00 3.69 8.38 36.06 
1990 .00 .00 .00 .00 20.86 1.82 3.33 8.93 34.94 
1991 .00 .00 .00 .00 19.72 1.64 4.18 9.54 35.07 
1992 .00 .00 .00 .00 18.58 1.46 4.45 0.18 34.68 
1993 .00 .00 .00 .00 17.4 # .00 4.14 10.80 33.06 
1994 .00 .00 .00 .00 16.31 .00 5.04 11.62 3..97 
1995 .00 .00 .00 .00 15.17 .00 5.37 12.42 32.96 
1996 .00 .00 .00 .00 14.03 .00 5.63 13.05 32.71 
1997 .00 .00 .00 .00 12.89 .00 5.92 13.70 32.51 
1998 .00 .00 .00 .50 11.76 .00 6.21 14.38 32.35 
1999 .00 .00 .00 .00 10.62 .00 6.52 15.10 32.24 
2000 .00 .00 .00 .00 .00 .00 6.65 15.86 22.71 
2001 .00 .00 .00 .00 .00 .00 7.19 16.65 23.84 
2002 .00 .00 .00 39.57 .00 .00 .00 .00 "39.5? 

TOTAL. 113.77 31.66 .00 "14.32 202.51 9.10 74.11 171.77 443.17 

w 



Table 4
 
m iilitl 1 li,I I i "
 

Fl1l¢1. PRI. 1~:Fco~liftllt.4
 

CA6SE 3A: C051 LrAITVilm1; l:: b I h'lL
 

- 12-/'82 

IJ.1 CIJ'SHF I.OU 

tl.!;. IOLLARS 
0 I P QM1I.LIONS OF CURRENI 

J K L M N 
NVT rIuIAL i II4II 141-I 

HWLIUCI 101 REDUCTION INLREASE MAlIERIAL. LiFt kIfA,41.
YX ARS 1I CASIll ItIU

BALANCE 13 IU IA[ERlAI. OUTFI.OU
CRUDE A.G.O. SULIUR 

UOR.. CA•P.
GAINS EXPOR1Il U IALANCL

IMPORTS IMPORTS EXPORTS 


.00!.|
.00 .00 .00 

1983 .00 .00 .00 .00 

.00 .00".00 .00
.00 .00
1984 .00 .00 

c00 .00 "2.94 .00 .
 

.00 .00
1Y85 .00 .00 
.00 .00 -14.53 .110 14. 

.00 .00
19016 .00 .00 

12.K- 5.,

.86 165.63 -136.73 28.89
< v197 163.51 1.25 

266.66 "216.91 49.75 -36.34 11.89 2!1.3I 
1110 .53.61l 10.86 2.19 

2.71 476.44 -396.19 80.25 -36.06 -'. 4.% It6.64 
> 1v89 430.44 35.29 

-34.94 1 .611 c...31509.48 -408.85 100.63

I "v9 4.3.53 53.08 2.87 

..1 64.2199.50 -35.07
9 1 524.59 -425.09 .u d
A9 450.13 71.42 3.04 
 .31 6'
545.96 '441.79 104.17 -34.68 


199:' 446.25 96.25 3.45 

W,1.24
-33.06 -1..01
3.66 576.27 -458.90 117.29

1993 443.07 129.54 
 1.10 111.11
4.14 619.13 -477.03 142.10 -32.91 

1994 4,39.0:' 175.17 l .* I'll..':*
4.39 676.14 -496.03 180.11 -32.96 "3. 

1995 43. 14 235.61 I to1".i6'. I.
719.12 -521.82 197.30 -32.71 

1996 462. 02 251.70 4.61 
 184. 3
lJ


4.84 764.84 -540.97 215.87 "32..51 ".11, 

1997 491.1? 268.89 

I .',j "' ' 
1990 o.! . V# 287.24 t. 0o 813.48 -577.54 235.94 32.35 

1 .'d.'5.33 865.21 "607.56 257.66 -32.24
1999 553.02 306.86 -1.06 260.21
201.06 "'22.71
5.60 920.22 -639.17
2000 506.81 327.81 
 2 7.1. 3t966.24 -671.12 295. 11 23.84 "-. OH 
2001 616.15 344.20 5.88 


39.57 31.. ,3 3.04
.00 .00 .00 .00 


2002 .00 .00 


. (in • 1.11l0..50.64 9409.41 "7023.79 2385.6? "443.17 

TOTAL 6755.513 259t%. 19 

NFl IRESI 14T VA.ULS AI 111% N0 t. 01 

IJET FRI tLllI VALIUE'; Ar 1"- 2 7' 1.: 

NtET PHI I'tI VALIF S AI .'0% 1A.S .35 

http:A9450.13
http:OUTFI.OU


belonging to the 'isers) is assumed to be spread over the
 
first two years of operations such that 25% of the
 
change takes place during the first year and 75% in the
 
second year. The increase in physical inventory is
 
valued at the crude oil import price and is treated for
 
tax purposes on a LIFO (last in, first out) basis; the
 
value of the inventory does not affect the annual level
 
of taxable income since it is assumed that it stays
 
constant in monetary terms over the life of the project.
 
Sixteen years after commissioning of the investment, the
 
change in inventory level is assumed to be liquidated at
 
cost.
 

The net cashfl.ow of the project (0) is the net material
 
balance (0) minus the cash outflow (I), adjusted on a yearly
 
basis for the change in working capital (P). A negative sign
 
shows an increase in working capital and therefore represents
 
a cash outflow to the project.
 

0 Table 5
 

This table presents the distribution of the total project
 
cash flow between the various parties of interest, assuming
 
no change in product prices (or taration); by this we mean
 
that we have assumed that the Government would hold prices at
 
the same level as they would have been had the modification
 
not been made.
 

The various parties with identifiable interests are:
 

-- the foreign shareholders in the refinery (R) 

-- the Government of Kenya (X) 
-- the users of the refinery (marketing companies 

registered in Kenya and in Uganda) (Y) 
-- a category labeled "Other" (Z) which is the Government 

of Uganda 

The net cashf low (Q) in Table 5 is the sum of all the
 
individual. cashflow items (R, X, Y and Z) and is equal to Q
 
in Table 4.
 

The interests of each party have been calculated as follows:
 

(i) Foreign Shareholders in EAOR
 

In terms of cashflow the foreign shareholders in EAOR (R) will benefit
 
from 50% of the net cashflow of the refinery (P in Table 2) minus the
 
withholding tax on dividends repatriated. According to current
 
dividend policy, the shareholders of the refinery are collectively
 
entitled to receive 100% of the net income (L in Table 2). In theory,
 
the foreign shareholders will benefit from 50% of this amount which,
 
minus a dividend withholding tax, can be repatriated in the form of
 
dividends.
 

it& ArthurD. little, Inc. 
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The withholding tax on dividends is set at a rate of 15% for companies
 

registered in the U.K. and at 20% for those registered in the U.S. The
 

weighted average dividend withholding tax is 17.45%, assuming the
 

current mix ef shareholders. The cashflow of the foreign shareholders
 

of the refinery (R) can then be sumnarized as follows: 50% of refinery
 

net cashflow (P in Table 2) minus 17.45% of 50% of refinery net income
 
(L in 	Table 2).
 

(ii) The 	Kenvan Government
 

The Kenyan Government (X) will benefit from the project from five
 

different sources:
 

S: 	 Its share of 50% of the refinery net cashflow.
 

T: 	 All the import taxes and duties paid on the foreign
 

components of the investment.
 

U: 	 The withholding taxes on dividends repatriated by the foreign
 

shareholders in the refinery and by the Kenyan marketing
 

companies (all considered to be subsidiaries of foreign oil
 

companies).
 

V: 	 The throughput taxes on the processing fees, plus the
 

corporate taxes paid by the refinery.
 

W: 	 The corporate taxes paid by the Kenyan marketing companies.
 

At this stage, no attempt has been made to assess the effect of the
 

entry to the market of a new national oil company or Kenyan-owned
 

private company. Within the framework of this model, a target market
 

share could be assumed for such companies and it would then be possible
 

to decrease the net cashflow of the users (Y) by this percentage share
 

and to increase the Government's revenue by the same amount.
 

Each 	component of the Government's cashflow is calculated as follows:
 

S: 	 50% of the refinery net cash flow (P in Table 2)
 

T: 	 Import duties can be calculated by subtracting from the total
 

investment, which is also the fiscal depreciation of the
 

investment (F in Table 1), the investment before import
 

duties i.e., Columns A and B in Table 3.
 

U: 	 Withholding taxes are computed by calculating the dividends
 

repatriated by the users of the refinery, and applying the
 

appropriate tax rate. (See Section (iii) below.)
 

V: 	 The corporate and throughput taxes paid by the refinery are
 

shown in Columns G and I in Table 1.
 

W: 	 The corporate taxes paid by the users to the Kenyan
 

Government are explained in Section (iii) below.
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(iii) Refinery Users
 

users is the net material balance (0
The incremental net revenue of the 


in Table 4) minus the processing fee paid to the refinery (C in Table
 

1). The value of the crude processed directly "r the Uganda marketing
 

companies is subtracted from the incremental net revenue as are the
 

savings in gas oil imports and minus the associated decreases in HSFO
 

exports. Allowance is also made for the payment of the related
 

processing fees) in respect of Uganda crude runs. We assumed that the
 

on behalf of the Uganda
percentage of crude directly processed 


marketing companies will be 5% in 1985 and will reach 10% in 1995 by
 

the value of the crude oil
annual increments of 0.5%. However, since 


iua the net material balance is not constant over the life of the
 

project it is not possible to directly compute the total net revenue
 

accruing to the Uganda marketing companies over the period of the
 

analysis. Annual calculations must be made using the volumetric
 

percentages indicated above, applied respectively to the net material
 

balance and the gross revenues of th.- refinery. From the net revenue
 

accruing directly to the Uganda marketing companies, the corporate tax
 

paid to the Government of Uganda is then computed at 50% (Z).
 

to the Kenyan marketing companies is subject
The ,zt revenue accruing 


to a Kenyan corporate tax of 45% (W). The net revenue after tax of the
 

Kenyan marketing companies is assumed to be repatriated as dividends.
 

To compute the dividend withholding tax, and in the absence of specific
 

market share data and forecasts, we adopted the simple approach of
 

shares reflecting the foreign shareholdings in the
assuming market 

refinery. Therefore, withholding taxes on these dividends were also
 

computed at 17.45% of the net revenues (after tax) of the Kenyan
 

marketing companies. To this amount the withholding tax on the
 

has been added to arrive at the total withholding
refiners' dividends 

tax received by the Kenvan Government (IT).
 

Users Y) will benefit frcm the total net material balance gains (0 in
 

Table 4) minus the processing fees (C in Table 1), minus the tax paid
 

to the Uganda Government (Z), minus the corporate taxes paid to the
 

Kenyan Government (W), minus the withholding tax on dividend
 

repatriated.
 

(iv) The Government of Uganda
 

from the corporate taxes it
The Government of Uganda (Z) benefits 


collects from marketers in Uganda. This was assumed at a rate of 50%
 

as indicated above.
 

No assumption was necessary regarding the distribution of net benefit
 

in terms of dividend policy
earned by the Uganda marketing companies 


(which depends on the fiscal regime in Uganda) since this cash is in
 

any case an outflow in which Kenya has no further interest. The full
 

amount of the net benefit has therefore been credited to the Uganda
 

users.
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4. Kenyan Balance of Payments
 

a. Assumptions
 

The impact of the projects on the Kenyan Balance of Payments was
 

analyzed with two different assumptions:
 

All the crude processed is paid for in Kenyan foreign
 
exchange (G)
 

The crude processed on behalf of the Uganda marketing
 

companies does not affect Kenyan foreign exchange, but the
 

Kenyan Balance of Payments will benefit from the processing
 
fees associated with refining this crude (J).
 

The equity inflows to the project can be divided into three components:
 

The 	 Kenyan government's share uhich is paid in local
 

currency. 
-- The import taxes and duties paid in local currency. 

-- The foreign shareholders portion of the local investment 

(excluding duties) which will be provided in funds from
 

abroad.
 

The first two categories have no impact on the Balance of Payments; the
 

third is an inflow of foreign currency from Kenya.
 

b. Output Table 6
 

A: Foreign equity. This is 50% of the equity in the local
 

investment (column D in Table 3) and represents the inflow of
 

foreign funds to cover the share of the local investment
 

supplied by the foreign shareholders. The negative figure
 

(i.e., outflow of foreign exchange) shown for the last year
 

of the analysis is the repatriation (by the foreign
 

shareholders) of their share of the salvage value of the
 

investment. This salvage value was computed as 10% of the
 

initial Investment (excluding import taxes and duties and
 

interest during construction) inflated up to the cate of
 
"theoretical sale" using the inflation index. 
 The sale has
 

been assumed to be made on the local market and the foreign
 

companies are assumed to repatriate 50% of the value (no
 

capital gains tax was assumed on the appreciation of the
 

asset above the level of total fiscal depreciation).
 

B: 	 The repayment of debt covers the loans contracted abroad to
 

pay for the foreign component of the investment (as shown in
 

column E cf Table 3).
 

C: 	 Foreign component of the cash operating cost (see column G in
 
Table 3).
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nrV. { Il 
.lu 
.00 
.100 
.00 

-1.5R 
-3.41 
-3.69 
-3.33 
".18 
-4.45 

-4,74 
-5.04 
-5.37 
-5.63 
-5.92 
-6.21 
"6.52 
-6.85 
-7.19 

.00 

D 
I iull. 

ItALANWL 
. III 
.110 
.00 
.0 

21. 09 
49.75 
80.25 
100.63 
99.50 
104.17 

117. 29 
142.10 
180.11 
197.30 
215.8? 
235.94 
257.66 
281.06 
295.11 

.00 

E 
1 WIto I 

Ili ivi (if . 
. I 
.Ou 
.011 
.00 

3.21 
10.6's 

00. 
. 
.00 
.00 

.00 

.00 

.Of 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

F 
'iiVI ii glia]I'Vil. 

IAPA r. 
. Of 
.00 
.10 
.10 
.00 

-2.64 
-6.10 
11.4 

- .5.37 
"23.70 

-24.68 
"29.33 
-31.29 
44.93 
-51.33 

,8.33 
"5.95 
-74.25 
"83.25 
"80.37 

G H 
r1-i.; .t.u Ii. Ito.,il 

(It I ,a it tjiI. I - IIt, li 
.u li 
.10 0" 

1.47 i.'I" 
1.27 .27 

34.49 2.5 
,31.21 27. YO0.l49 
413.46 2 .'1s 
59 OO5 
50.23 12. 27 
5 .i4 43.--
70.43 :.W. ; 
91.62 70. 12 
121.28 103.2? 
132.70 112.97 
145.73 12i. 1' 
159-64 136.uS 
174.57 14.80 
199.96 171.85 
204.67 175.16 
-108.15 "108.15 

I 
IIc,,ilt. 

ii iii 
. flu 
. ll. 
.iOf 

'. 

3. till 
3.4c,
3.9, 
4.44 

9.Y4 
5.4, 
7.63 
7.l71 
7.9.12 
8.03 
8.12 
8.19 
13.1o 
.00 

J 
I I;, ., 

I',ul tilS 
.1141 
I1i 

i.o47 
-,7 

1".OA 
if).4. 

4 ,,,.$ 

. ".7 
1 !U.9i 
1,'0.70 
I '. 
'1,.01 
15.9?2 
1110.04 
1:J3.3. 

1t:1.15 

[O AI. -7.16 -202.51 -74.11 2385.62 13.93 -633.76 1482.00 1256.69 85.96 1342.65 

EI 
HlT 
O rLF 

PRESFIJT VALUES AT 10% 
PRES5LNIT VALUES AT 15% 
PRLiLNr VALUES AT 20% 

422.41 
247.59 
153.41 

387.83 
2213.86 
142.74 

-C-- 71 



E: 	 Change in inventory. As described above this represents the
 
increase/decrease (depending on the option) in the overall
 
crude and intermediate product inventories kept at the
 
refinery for operating purposes. The liquidation of the
 
inventory is assumed to be made in the local market and thus
 
does not impact on the Balance of Payments.
 

F: 	 Repatriation of dividends, This figure is the sum of the
 
dividends repatriated by the refiners and the Kenyan
 
marketing companies. To cross-check it can be computed
 
by dividing the withholding taxes paid to the Kenyan
 
Government (U in Table V) by 17.45% and multiplying the
 
results by 100% minus 17.45%, or 82.55%.
 

G: 	 The total Balance of Payments is the algebraic sum of columns
 
A, B, C, D, E and F.
 

I1: 	 The Balance of Payments excluding Uganda is the Balance of
 
Payments (G) minus the value of the crude savirgs (and
 
related savings of gas oil imports minus the decrease in HSFO
 
exports) processed on behalf of the Uganda marketing
 
companies (see Table 5, Column Y).
 

I: 	 This is the processing fee paid in foreign currency by the
 
Uganda marketing companies for the crude processed on their
 
behalf.
 

J: This is the net Kenyan Balance of Payments (J = H plus I).
 

5. 	 Remarks
 

In undertaking this comparative analysis of the different investment
 
options for the EAOR refinery, two critical problems arose.
 

The first related to the yardstick against which to compare each
 
investment option. As described in the main body of the report we
 
decided to perform the analysis on an incremental basis, in comparison
 
with a no-investment case, in which all measures of performance are
 
assumed to yield a zero value.
 

The second problem related to the time frame for the analysis, since
 
all the investment alternatives could start operation at different
 
times. Two alternative solutions were considered:
 

a 	 Each option should serve the same market (in terms of volume)
 
and therefore should be analyzed over the same period with a
 
common shut-down date.
 

* 	 Each option should have the same operating life (say 15
 
years).
 

A ArthurD.Utte, Inc.
V-A-16 




In the first case, the investments which commission earlier benefit
 

from (i) a longer operating life, and (ii) earlier savings in the net
 

material balance.
 

In the second case, there was the added complication of one extra
 
half-year of operations at the end of certain projects. Accordingly,
 
each option was analyzed using 15 years of fiscal operation. A check
 
on the total project economics showed that our methodology penalized
 
option 4 by $10 million (in present value of current S discounted at
 

15%) compared to option 3A. Since this is a comparative analysis, we
 
ciasidered the order of magnitude results to be of sufficient accuracy,
 
and thus did not further refine this assumption.
 

V-A-17 AAthu D. Utte,
 



APPENDIX V-B
 

FINANCTAL AND ECONOCPIC ANALYSIS -

S IPIE CALCULATION 

This Appendix provides a sample calculation for Case SA to
 

assist in interpretation and understanding of the computer
 

model and results of the Financial and Economic Analysis
 

It is to be read in conjunction
conducted in this report. 


with Appendix V-A in which we provide a review of the methodology
 

underlying the Financial and Economic Analysis.
 

A ArthurD. Little, Inc.
 



SAMPLE CALCLAYTION: CASE 3A (OutDut Tables I and 2) 

Refinerv Cash Flow 

Total: Million Current S 

0 CALCULATION OF GROSS EAOR REVENUE 

-- Average Capital Employed (Cumulative) (K) 

-- Net Operating Income (12.5%) (W) 

Cash Operating Costs (D) 245.88 

Corporate Tax (see below) (1) 125.60 

Book Depreciation (E) 237.72 

2639.91 

329.99 

609.20 

-- Gross EAOR Revenue (C) 939.19 

* PROCEESING FEE (Incremental) (S/Bbl) (A) 2.79 

* CALCULATION OF NET INCOME 

-- Net Operating Income (W) 

Throughput Tax (G) 

Interest (H) 

140.88 

91.43 

329.99 

232.31 

-- Net Income 97.68 

* CALCULATIOn OF NETCASH FLOW 

-- Net income (L) 

Bock Depreciation (E) 

Salvage 'alue (N) 

Equit,' (N) 

Principal Repayment (N) 

-- Net Cash Flow (P) 

39.57 

(61.7:) 

(120.16) 

97.08 

237.72 

(142.31) 

193.09 

* CALCULATION OF CORPORATE TAY. 

-- Gross Revenue (C) 

Throughput Tay (G) 

Operating Cost (D 

.ntorest (H) 

F'iFcal Depre:iation (F 

140.88 

24'.8 

91.43 

181.90 

939.19 

66n. r9 

--

--

:et Incore Before Tax 

Crporate Tax '57!)(C', 

79.10 

125.60 

A-B-I 

/LArthUr flLittle, Inc. 



Table I 

CASE 3A; CII . I LBA'A It.;I',1E F I ltlHt'L 

MILLILINS OF C:RREtJI U.S. 1OLLAWR' 

OPERATING INCCIML STATEMENI 

A B C D E F G H I J 

YEARS PROCESS 
FEE 

CRUDE 
PROCESSED 

GROSS 
REVENUES 

CASH 
OPERATING 

BOOK 
IEPRE. 

FISCAL 
[,EPRE. 

THRIIPUI 
lAX 

INFERESI CURPURA IL 
1AY 

tF I OplI,. 
1NCOtwE 

($/DDL) (000 BB..) CJST S 

1987 1.55 24814.80 38.55 5.04 9.09 22..4 5.78 .00 .2. 

1988 1.65 23241.00 38.27 11.03 11.08 22.74 5.74 14.55 -7.10 23.26 

1989 2.18 20130.00 43.95 12.07 11.74 22.74 6.59 13.23 -4.81 '.4.94 

1990 2.25 20496.00 46.20 12.26 12.45 22.71% 6.93 11.92 -3.44 24.93 

1991 2.36 20986.44 49.48 13.71 13.20 22.74 7.42 10.60 -2.24 24.82 

1992 2.43 21484.20 52.20 14.63 13.99 22.74 7.83 9.28 -1.03 24.61 

1993 2.49 21996.60 54.87 lb.62 14.03 22.74 8.23 7.96 .15 24.28 
1994 2.55 22523.64 57.35 16.67 15.72 22.74 8.60 6.83 1.13 23.83 

1995 3.31 23050.00 76.31 17.79 16.66 .00 11.45 5.69 10.62 23.24 

1996 3.38 23058.00 77.90 18.68 17.49 .00 11.68 4.55 19.34 22.39 

1997 3.43 23058.00 79.16 19.61 18137 .00 11.87 3.41 19.92 21126 

1998 3.48 23058.00 80.26 20.59 19.28 .00 12.04 2.28 20.41 19.97 

1999 3.52 23058.00 81.18 21.62 20.25 .00 12.18 1.14 20.81 10.50 

2000 3.55 23058.00 81.91 22.71 "1.26 .00 12.29 .00 21.11 16.83 

2001 3.54 23058.00 81.60 23.84 22.32 .00 12.24 l00 20.4B 14.95 

TOTAL 337078.68 939.19 245.88 237.72 181.90 140.88 91.43 125.60 329.99 



Table 2 

M1th:A5s, RI- I tl'k 
FINANU t.d. ¢NAL. 1b 

CASE .3A; tLOS IiA.EI'; lt*AL r'TIANCE 

-12/0 1/': 

NEI CASH FILOW 

I 
i 

YEARS 

1983 
1984 
1905 
1986 
1987 

1988 
19B9 
1990 
1991 
1992 
1993 
1994 
19,95 
1996 
1997 
1998 
999 
2000 
2001 
2002 

TOTAL 

J 
NET OPER. 

INCOME 
.00 
.00 
.00 
.00 

22.17 

23.26 
24.94 
24.93 
24.82 
24.61 
24.28 
23.83 
23.24 
22.39 
21.26 
19.97 
18.50 
16.83 
14.95 

.00 

329.99 

K 
AV. CAP. 
EMPLOYED 

.00 

.00 

.00 

.00 
177.35 

186.11 
199.53 
199.41 
198.55 
196.87 
194.28 
190.66 
185.92 
179.08 
170.11 
159.79 
148.01 
134.65 
119.59 

.00 

MILLIONS OF CURRENT U.S. LOLLARS 
G H L 

THRUPUT INTEREST NET 
TAX INCOME 
.00 .00 .00 

.00 .00 .00 

.00 .00 .00 

.00 .00 .00 

5.78 .00 16.39 

5.74 14.55 2.97 
6.59 13.23 5.12 

6.93 11.92 6.08 

7.42 10.60 6.80 

7.83 9.28 7.50 

8.23 7.96 8.09 
8.60 6.83 8.40 
11.45 5.69 6.10 

11.68 4.55 6.15 

11.87 3.41 5.98 

12.04 2.28 5.66 
12.18 1.14 5.19 

12.29 .00 4.54 

12.24 .00 2.71 

.00 .00 .00 

140.88 91.43 97.68 

E 
BOOK 

DEPRE. 
.00 
.00 
.00 
.00 

9.09 
11.00 
11.74 
12.45 
13.20 
13.99 
14.83 
15.12 
16.6, 
11.49 
111.37 
19.211 
"10.25 
21.26 
22.32 

.00 

237.72 

M 
CtHANGE IN 
WORK CAP. 

.00 

.00 

.00 

.00 
2.79 
.51-
.39 
.1 
.15 
.1, 
.lt1 
.1 ? 

1 .4'0 
.116 
.03 
.1 

-.03 
-. 12 
-4.81 

.00 

N 
EQLITY 
& ISEBI 

.Ou 

.00 
-'!1.0. 

2.6.D 
7. 

- tu.76 
10, 
10. :e. 
"to. z,, 
10.16 

".4d 
"Y.41l 
9. :8 
-9.48 
9.40 
9.111 
9.019.48 
.00 
.00 

39.57 

-142.32 

P 
tol1 

014,IllSu 
.0111 
.11il 

-.'. 
" 
111.9, 
3.I 

7,1 
.c.1t 

wt 
t. 

I ;.".' 
11. 

t. 
lit.1o 
111.13 
I..4, 
15.96 
25.84 
25.15 
44.39 

193.08 

SNOMINAL INTERNAL RATE OF RETURN: 17.8% 

REAL INTERNAL RATE OF RETURN: 11.3Z 



SAMPLE CALCULATION: CASE 3A (Output Table 3)
 

Total Project Cash Outflow
 

(Total: Million Current $)
 

a INVESTMENT 

-- Foreign (A) 113.77 

-- Local (ex. duties & taxes) (B) 31.66 

(145.43)
 

* 	 FINANCING 

-- Foreign loan 113.77 

-- Local loan 6.40 

Total Financing 120.16
 

Equity (D) (25.27)
 

* SALVAGE VALUE (D) 	 39.57
 

* 	 DEBT SERVICE 

-- Foreign (E) 202.51 

-- Local (F) 9.10 

-- Total (211.61) 

* OPERATING COSTS
 

-- Foreign (G) 74.11 

-- Local (H) 171.77 

-- Total (245.88) 

443.19
* TOTAL CASH OUTFLOW (I) 


V-B-4 	 A Afthur 1L U2 , I.
 



Table 3 

IOTAL PR0.1f I Lton.Ittll'.il 

CASE 3A; COST t1.MElf: I FA'F ItIsI(I4. 

-12,"Il ;,U2 

CASH-OIJ1FLOU STALtILH1 

A B C 
MILLIONS OF 

D 
CURRENi U.S. 

E 
IOLLARS 

F G H I 
YEARS FOREIGN LOCAL EQUITY EQUITY FOREIGN LOCAL FOREIGN LOCAL TOIAL 

INVEST. INVEST. ON FOREIGN ON LOCAL ['ELf FIEbT OP. COSTS OP. COSTS OUTFLOU 
(EX DUTIES) INVESTMENT INVESTMENT SERVICE SERVICE 

1983 .00 .00 .00 .00 .00 .00 .00 .00 .00 
1984 2.88 .00 .00 .00 .00 .00 .00 .00 .00 
1985 58.66 3.77 .00 2.94 .00 .00 .00 .00 2.74 
1986 36.60 18.17 .00 14.53 .00 .00 .00 .00 14.53 
1987 15.63 9.72 .00 7.78 .00 .00 1.58 3.46 12.82 
1988 .00 .00 .00 .00 23.13 2.18 3.41 7.62 36.34 
1989 .00 .00 .00 .00 22.00 2.00 3.69 8.38 36.06 
1990 .00 .00 .00 .00 20.86 1.82 3.33 8.93 34.94 
1991 .00 .00 .00 .00 19.72 1.64 4.18 9.54 35.07 
1992 .00 .00 .00 .00 18.58 1.46 4.45 40.18 34.68 
1993 .00 .00 .00 .00 17.45 .00 4.1/ 10.88 33.06 
1994 .00 .00 .00 .00 16.31 .00 5.04 11.62 32.97 
1995 .00 .00 .00 .00 15.17 .00 5.37 .2.42 32.96 
1996 .00 .00 .00 .00 14.03 .00 5.63 13.05 32.71 
1997 .00 .00 .00 .00 12.89 .00 5.92 13.70 32.51 
1998 .00 .00 .00 .00 11.76 .00 6.21 14.38 32.35 
1999 .00 .00 .00 .00 10.62 .00 6.52 15.10 32.24 
2000 .00 .00 .00 .00 .00 .00 6.85 15.86 22.71 
2001 .00 .00 .00 .00 .00 .00 7.19 16.65 23.84 
2002 .00 .00 .00 -39.57 .00 .00 .00 .00 -39.57 

TOTAL 113.77 31.66 .00 -14.32 202.51 9.10 74.11 171.77 443.17 

I



0 

SAMPLE CALCULATION: CASE 3A (Output Table 4)
 

Net Cash Flow
 

Total: Million Current $
 

MATERIAL BALANCE IMPACTS (CASH INFLOW)
 

-- Savings on Crude oil Imports (J) 6755.58 

-- Savings on AGO Imports (K) 2595.19 

-- Revenue Receipts from Sulfur Sales (L) 58.64 

Total Cains 9409.41
 

Decreases in HSFO exports (M) (7023.79)
 

Net Change in Material Balance 2385.62
 

* CASH OUTFLOW (1) (443.19) 

* NET CASH FLOW (Q) 1942.43
 

V-B-6 & Arthur D.little,L
 



Table 4 
iltl IIASA PlI I(tl I . 

,D IAL. PRO.JI FC0t)I iCS 

CASE 3A; ctO)I DASEI: I:AC3E FINAtI L. 
--12, 07 ,/8.1 -

NLI CASHFLOU 

YEARS 
J 

REDUCTION 
CRUDE 

K 
REDUCTION 

A.G.O. 

MILLIONS or CURRENT U.S. DOLLARS 
L 4 N 0 

INCREASE MAIERIAL [,FCREAS[. NET 
SULFUR BALANCE H45 0 MATERIAL 

I 
FOIAL 

OUTFLOU 

P 
(IIANGL 

IN 

Q
Nk-I 

CASI4FLOU 
IMPORTS IMPORTS EXPORTS GAINS EXPGRTS BALANCE UIRK. CAP. 

1983 .00 .00 .00 .00 .00 .00 .00 .00 .00 
1984 
1985 
1986 
1907 
1988 

.00 

.00 

.00 
163.51 
253.61 

.00 

. 

.00 
1.25 

10.86 

.00 

.00 

.00 

.86 
2.19 

.00 

.00 

.00 
165.63 
266.66 

O 
.00 
.00 

-136.73 
-216.91 

.00 

.00 

.00 
28.89 
49.75 

.00 
-2.94 
-14.53 
-12.82 
-36.34 

.00 

.00 

.00 
-..27 
11.89 

.00 
-2.91 
t42.,3 
-11.34 
2!,.3tl 

1989 
1990 
1991 
1992 

438.44 
453.53 
450.13 
446.25 

35.29 
53.08 
71.42 
96.25 

2.71 
2.87 
3.04 
3.45 

476.44 
509.48 
524.59 
545.96 

-396.19 
-408.85 
-425.09 
-441.79 

80.25 
100.63 
99.50 
104.17 

-36.06 
-34.94 
-35.07 
-34.68 

-:'.45 
L.68 
.:, 
.31 

6;.3/ 
6!1.21 
610.811 

1993 443.07 129.54 3.66 576.27 -458.98 117.29 -33.06 -1.01 U5.24 
1994 439.82 175.17 4.14 619.13 -477.03 142.10 -32.91 I.Y 111.11 
1995 
1996 
1997 

436.14 
462.82 
491.12 

235.61 
251.70 
268.89 

4.39 
4.61 
4.89& 

676.14 
719.12 
764.84 

-496.03 
-521.82 
-548.97 

180.11 
197.30 
215.87 

-32.96 
-32.71 
-32.51 

-.$. ," 
"1.36 

"t.11 
J6.,., 
184.D03 

1998 
1999 

521.15 
553.02 

287.24 
306.86 

5.08 
5.33 

813.48 
865.21 

-577.54 
"607.56 

235.94 
257.66 

32.35 
-32.24 

I.by 
1.72 

20E,.18 
22".14 

2000 
2001 

586.81 
616.15 

327.81 
344.20 

5.60 
5.88 

920.22 
966.24 

-639.17 
-671.12 

281.06 
295.11 

-22.71 
"23.84 

-1.06 
-1.0OH 

260.21 
272.35 

2002 .00 .00 .00 .00 .00 .00 39.57 36.53 3.04 

TOTAL 6755.58 2595.19 58.64 9409.41 -7023.79 2335.62 -443.17 .00 194a2.45 

NET PRESNT VALUES Al 
NET PRESEtir VALUES Ar 

1 % 
15% 

t03.01 
"Y9.t2 

NET PRESENT VALUES'AI .!O% 163.35 



SAMPLE CALCULATION: CASE 3A (Output Table 5)
 

Distribution of Project Net Cash Flow
 

Total: Million Current $
 

88.02
* FOREIGN SHAREHOLDERS IN REFINERY (R) 


* 	 KENYAN GOVERNMENT 

Refinery-Related 

-- Refinery Cash Flow (S) 96.54 

-- Import Duties and Taxes (T) 36.47 

Ref. Corp. Tax 140.88 

Ref. Throughput Tax 125.60 

-- Total Refinery Taxes (V) 266.48 

-- Div. Tax on Ref. Shareholders 8.52 

Total From Refinery Operations 408.01 

Market-Related 

-- Corp. Tax on Users *) 588.18 

-- Div. Tax on Users 125.45 

Total From Users 713.63 

Total Kenya (X) 1121.64 

663.12
• MARKETING COMPANIES (USERS) (Y) 


* TAX PAYMENT TO UGANDA BY MARKETERS (Z) 	 69.67
 

1942.45
* TOTAL PROJECT CASHFLOW (Q) 


V-B-8 	 A ArthurD. Uttle, Inc,,
 



SAMPLE CALCULATION: CASE 3A (Outyut Table 5)
 

Distribution of Project Net Cash Flow - Kenya
 

Total: Million Current $
 

KENYAN GOVENMENT
 

" finery-Related
 

-- 50% of net cash flow of refinery - 96.54 

-- Import duties and taxes - 36.47 

-- Refinery Corporate Tax (Table 1) 125.60 

-- Refinery Throughput Tax (Table 1) 140.88 

-- Div. withholding tax on div. repat. (see above) = 8.52 

Total Refinery-Related 408.01 

Market-Re1 ated
 

--	 Users revenue is net material
 

balance (see Table 4) 2,385.62
 

Minus processing fees (see Table 1) 939.19
 

= Net benefits of which: 1,446.43
 

(225.31 - 85.96) = 139.35 falls 

under Uganda Tax Regime x 0.50 

Corp. Tax in Uganda = 69.67 to Uganda Govt. 

69.68 to Companies 

Balance (1446.43 - 139.35) 1307.08 

falls under Kenya tax regime 

x 0.45 Corp. Tax in Kenya = 588.18 to Kenya Govt. 

Repatriated by users 718.89 

- Div. tax @ 0.1745 125.45 

= Actual Repatrlr,1 -- .f 593.44 

Summary: 	 Corp. ra on Users 588.18
 

Div. Tax n Users 125.45
 

Total Market-Relate 1 713.63
 

TOTAL KENYA 	 1121.64
 

V-B-9 	 /& ArthurD. Little, Inc.
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SAMPLE CALCULATION: CASE 3A: (Output Table 5) 

Distribution of Project Net Cash Flow - Others 

Total: Million Current S 

* FOREIGN SHAREHOLDERS IN REFINERY 

-- 50% Net Cash Flow of Refinery (Table 2) $193.08x0.50 

-- Minus 17.45% (Avg.Div. withholding tax 

of net income x 0.50 or (97.68 x 0.50 x .1745) 

-- Foreign Shareholders in EAOR 

-

-

-

$96.54 

(8.52) 

88.02 

* MARKETING COMPANIES 

-- Net Benefit 

-- Minus: Uganda Tax @ 50% 

: Kenya Tax @ 45% 

: Div. Withhold on 

Kenya Revenue 

USERS 

69.67 

588.18 

125.45 

783.30 

1446.43 

663.13 

a UGANDA GOVERNMENT CORP. TAX 69.67 

V-B-i0 ArthurD. Utde, Inc. 



Table 5 

MitlIIcj . RFF 1tiliV" 
TOIAL Pkij IFtit C0IJOII ILS 

CASE 3A: CF111 It,?St I; 
- 1?. 0 1.-1 -

FAVL[ tAIJCF 

NET CASIFWLOU IISt1fRIIFION 

MILLIONS OF CURRErIf U.S, IOLLARS 
R S T 

---------------------
U V w 
GOVERNMENT--------..------- -

X 
I 

Y Z Q 
YEARS REFINERS REFINERY IMPORT UITWHOLDING CORP. & CORP. TAX 1OTAL USERS OTHER lEI 

DUTIES TAXES THRU. TAXES ON USERS CASHFLU 
1983 .00 .00 .00 .00 .00 .00 .00 .00 .011 .03 
1984 .00 .00 .00 .00 .00 .00 .00 .00 .or .uu 
1985 -13.54 -13.54 24.13 .00 .00 .00 10.60 .0C .00 :!,9k 
1986 -13.43 -13.43 12.34 .00 .00 .00 -1.10 .00 .00 14.'3 
1987 
1988 

7.46 
.48 

7.46 
1.91 

.00 

.00 
.00 
.56 

8.03 
-1.36 

"4.08 
4.83 

11.40 
5.93 

2. O.v 
10.51 37 

21.7 
'5.30 

1989 2.60 2.o .00 1.29 1.78 15.19 21.12 21.65 .27 46. -
1990 ,$.35 3.80 .00 3.69 3.49 22.66 33.63 28.35 2.04 6.'., 7 
1991 4.01 4.54 .00 5.36 5.18 20.71 35.79 2!.4' 2.00 o4.21 
1992 4.69 5.29 .00 5.01 6.81 21.40 38.50 4. 4 1 2. 1I, fli 
1993 
1994 

5.99 
6.55 

6.65 
1.26 

.00 

.00 
5.22 
6.16 

8.38 
9.73 

25.56 
34.52 

45.80 
57.67 

30.64 
4-.0-

71.1 
,ag,3 

:,.I 
111.11 

1995 5.16 5.90 .03 8.09 30.07 42.04 86.10 53.17 5.19 
1996 6.52 7.05 .00 9.50 31.03 48.36 95.93 51.52 5.97 
1997 6.88 7.42 .00 14.85 31.79 55.37 T05.42 &5.69 6.84 184-33 
1998 7.20 7.73 .00 12.33 32.45 63.05 115.55 74.64 7.78 205.1B 
1999 7.49 7.98 .00 13.94 32.99 71.47 126.38 84.45 8.82 227.14 
2000 12.47 12.92 .00 15.70 33.40 80.65 142.67 95.12 9.96 260.21 
2001 12.18 12.58 .00 17.60 32.72 86.47 149.37 100.12 10.68 272.35 
2002 21.96 22.19 .00 1e.60 .00 .00 40.87 -59.79 .00 3.04 

TOTAL 88.02 96.54 36.47 133.97 266.47 588.18 1121.6w 663.12 69.67 1942.45 

NET PRESENT VALUES:N PENU 11.55 14.48 26.56 32.06 67,05 150.22 290.36 183.81 17.29 503.01 

15% 1.49 3.36 22.92 17.22 36.70 82.74 162.94 105.62 9.37 279.42 
20% "2.99 -1.74 19.92 9.77 21.21 47.92 97.08 63.93 5.33 163.35 

16.3% t INTERNAL RATES OF RETURN . 1273.8% 

INTERNAL RATE OF RETURN (REFINERS+USERS): 58.7% 



SAMPLE CALCULATION: CASE 3A (Output Table 6)
 

Balance of Payments
 

Total: Million Current $
 

* 	 ASSUMPTION: All Crude Oil Imported to Kenya
 

* 	 INFLOWS: 

-- Net Material Balm ce (D) 2,385.62 

Equity Portion of Local Investment
 

12.64
From Foreign Shareholders
(1) (A) 


Total Inflow 2,398.26
 

* 	 OUTFLOWS 

-- Foreign Debt Service (B) 202.51 

--	 Foreign Component of Op. Cost (C) 74.11 

--	 Change in Inventory (2 ) (E) (13.93) 

--	 Salvage Value (3 ) (A) 19.79 

--	 Dividend Repatriation (4 ) (F) 633.76 

916.24
 

* 	 NET BALANCE OF PAYMENTS (G) 1,482.02
 

NOTES:
 

(1) Local 	investment (excluding duties)
 

31.66 x 80% equity x 50% foreign shareholders = 12.64
 

(2) 	Change in inventory - inventory increase based on
 

25% in 1st year operation, 75% in 2nd year. Assumed
 

sold on local at end of project.
 

(3) 	Salvage value: 10% of inflated value of installed plant,
 

excluding duties and taxes and IDC. Assumed sale on local market
 

with foreign companies repatriating 50% of value.
 

(4) 	Sum of dividends on refining operations and dividends on
 

marketing operations less the 17.45% (weighted average)
 

withholding tax on dividends.
 

V-B-12 	 Afthur D. Lttle, Inm 
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0 

SAMPLE CALCULATION: CASE 1 (Output Table 6)
 

Modification to Balance of Payments
 

For Uganda Crude Processing
 

Total: Million Current $
 

• 	 ASSUMPTION: 

-- Uganda crude runs at EAOR will increase 

from 5% in 1985 in annual increments of 

0.5% to 10% by 1995. 

--	 Uganda will benefit directly from its share 

of material balance change and Kenya will 

receive EAOR fees in FOREX. 

DECREASE IN FOREX
 

--	 Crude and AGO import savings - HSFO export
 

decreases - 2385.62 x 0.0944 (average Uganda
 

fraction of net material balance) - (225.31) 

* 	 INCREASE IN FOREX
 

-- Processing fee paid by Uganda users in FOREX 85.96
 

* 	 NET FOREX LOSS TO KENYA (139.35)
 

1,482.02
" 	 PREVIOUS FOREX BALANCE 


1,342.67
• 	 RESULTING FOREX INFLOW TO KENYA 
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Table 6 

fit ,1ICASA(_ 

F'RuJ(.C i .; 
1: - 1 
I1 lot 

I.(' 
11'" taF il I:. 

CASE 31#; Ii. I L:A'EIi; : I [nIAiI.'L 

W 

YEARS 

1983 
1984 
1985 
1986 
1987 
1988 
1989 

1990 
1991 

1992 
1993 
1994 
1995 
19'96 
1997 
1998 
1999 
2000 
2001 
20a.2 

A
FOREIGN 

EQUITrY 
.00 
.00 

1.47 
7.27 
3.89 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
-19.79 

B 
REPA'HENT 

OF 'EBT 
.00 
.00 
.00 
.00 
.00 

-23.13 
-22.00 

-20.86 
-19.72 

-18.58 
-17.45 
-16.31 
-15.17 
-14.03 
-12.89 
-11.76 
-10.62 

.00 

.00 

.00 

C 
FOREIGt 

OP. COST 
.00 
.00 
.00 
.00 

-1.58 
-3.41 
-3.69 

-3.33 
-4.18 

-14.45 
-4.71; 
-5 .Ol 
-5.37 
-5.63 
-5.92 
-6.21 
-S.52 
-6.85 
-7.19 

.00 

D 
NE I hA'f . 

BiALANCE 
.00 
.00 
.00 
.00 

21.89 
49.75 
80.25 

100.63 
99.50 

104.17 
117.29 
142.10 
180.11 
197.30 
215.87 
235.94 
257.66 
281.06 
295.11 

.00 

INJ 

E 
I.1IAt0 k 

INVIti i. 
.00 
.00 
.00 
.00 

3.20 
10.65 

.00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

F G H 
t[,IVI lEt'l[,0o11.S'~rF i f.iFi *''fh. 

I'APAr. (It F'111Ifi t S, I II.-irlIA 
. GIII.Ou .00 
.00 .00 .I) 
.10 1.47 1.117. 
.11 1.27 i.2.' 
.00 34 . 49 32. " 

-2.64 31.21 '7.9 
-6.10 48.46 112.84 
-17.44 59.00 51. ,f
-25.37 50.23 1#2.27 
-23.70 57.44 48.58 
-24.68 70.43 59. 3' 
-29.13 91.62 73.12 
-38.29 121.28 10,3.27 
44.93 132.70 112.97 
-51.33 145.73 1.l.14 
-58.33 159.64 136.u5 
-65.95 174.57 l113.00 
-74.25 199.96 171.85 
-83.25 204.67 175.16 
-88.37 -108.15 -108.15 

I 
ti,',1ll*,' 

I .; uf 
1,(1U 
.ou 
.00i.4( 
.00 
.1 

:'.'yo4 
3. 0..." 
3.4o 
3.9 

4.44 
4.94 
5.4t) 
7.63 
7 .79 
7.9l 
8.03 
1.12 
8.19 
8.16 
.00 

J 
r1. 1 h ,I. 
IVi's a d 1il!) 

. 110 

.1u0 

;.,!7 
35. 06 

1 

. ' 
4.. $ 

6I.81 
-'A .7 

11(1.11 
120./ 

, 
144. 
15. ,' 
1U3.04 
133..Q 
108.15 

TOTAL -7.16 "202.51 -74.11 2385.62 13.93 -633.76 1482.00 1256.69 85.96 1342_-'L% 

> 

NEl PRESENT VALUES AT 10% 
NET PRESENT VALUES AT 15% 
NET PRESENT VALUES AT 20Z 

422.41 
247.59 
153.41 

307.81 
2213.06 
14:. .4 



APPENDIC V-C
 

FINANCIAL AND ECONOMIC ANALYSIS
 

COMPUTER OUTPUTS
 

Case 1: Kero-Merox
 

Case 2: LGO-Hydrotreater
 

Case 3: TGU
 

Case 4: Hydrocracker
 

For computer output for Case 3A - TGU plus - see
 

Appendix V-A and V-B.
 

/t Arthur XLttle, Ir. L 7 



Table 1 

9OMPASA REFINERY 
FINANCIAL ANALYSIS 

CASE N 1; COST VASED; PASE FINANCE 

-01/14/82-

NET CASH FLOU 

MILLIONS OF CURRENT U.S. DOLLARS 

1 

YEARS 

1983 
1984 
1985 
19a6 
1987 
19881989 

1990 
1991 
1992 
1993 
1974 
1995 
1996 
1997 
1q98 
1999 
2000 
2001 

NET OPER. 
INCOME 

.00 

.00 

.OC 

.81 

.85 

.91.91 

.91 

.90 
.89 
.87 
.05 
.82" 
.79 
.74 
.68 
.62 
.55 
.00 

AV. CAP. 
EMPLOYED 

.00 

.00 

.00 
6.46 
6.8C 
7.317.31 

7.28 
7.22 
7.12 
6.9Y 
6.82 
6.60 
6.30 
5 91 
5.48 
4.98 
4.43 
.00 

THRUPUT 
TAX 
.00 
.00 
.00 
.26 
.24 
.27.29 

.31 

.33 

.34 

.36 

.47 

.48 

.49 

.50 

.51 

.52 

.52 

.00 

INTEREST 

.00 

.00 

.00 

.00 

.54 
50
.45 

.40 

.35 

.30 

.26 

.22 

.17 

.13 

.09 

.04 

.00 

.00 

.0c 

NET 
INCOME 

.00 

.00 

.00 

.54 

.06 

.14 

.17 

.20 

.22 

.24 

.25 

.17 

.1? 

.16 

.15 

.13 

.11 

.03 

.00 

BqOK 
DEPRE. 

.00 

.00 

.00 

.33 

.41 

.43 

.46 

.48 

.51 

.54 

.58 

.61 

.65 

.68 

.71 

.75 

.79 

.83 

.00 

CHANGE IN 
UORK CAP. 

.00 

.00 
l00 
.10 

-.02 
.01 
.01 
.01 
.04 
.01 
.00 
.05 
.00 
.00 
.00 
.00 
.00 
.00 
.17 

EQUITY 
& DEBT 

.00 
"1.06 
-.59 
-.46 
-.40 
-.40 
-.40 
-. 0 
-.40 
".36 
-.36 
.36 

".36 
-.36 
-.36 
-.36 
.00 
.00 

1.45 

NET 
CASHFLOU 

.00 
-1.06 
".59. 
.32 
.09 
.16 
.23 
.8 
.33 
.42 
.47 
.37 
.45 
.48 
.50 
.52 
.89 
.06 

1.63 

TOTAL 12.12 5.91 3.44 2.77 8.75 .00 -5.17 6.36 

NOMINAL INTERNAL RATE OF RETURN: 16.7% 
REAL INTERNAL RATE OF RETURN: 10.2Z 



Table 2 

4OMBASA REFINERY 
FINANCIAL ANALYSIS 

CASE N 1; COST BASED; BASE FINANCE 

-01/14/62-

MILLIONS OF CURRENT U.S. DOLLARS 

OPERATING INCOME STATEMENT 

I 

YEARS 

1986 
1937 
1908 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

PROCESS 
FEE 

($/BBL) 

.07 

.06 

.07 

.08 

.08 

.08 

.08 

.09 

.11 

.11 

.12 

.12 

.12 

.12 

.12 

TOTAL 

CRUDE 
PROCESSED 

CO00"BBL.) 

24705.00 
24814.80 
25327.20 
25839.60 
26352.00 
26754.60 
27171.84 
27589.08 
28013.64 
28445.52 
28445.52 
28445.52 
28445.52 
28445.52 
28445.52 

407240.88 

GROSS 
REVENUES 

1.76 
1.61 
1.83 
1.95 
2.06 
2.18 
2.29 
2.40 
3.11 
3.22 
3.29 
3.35 
3.40 
3.45 
3.46 

39.38 

CASH 
OPERATING 

COSTS 

.59 

.65 

.69 

.74 

.79 

.84 

.89 

.95 
1.01 
1.08 
1.13 
1.19 
1.25 
1.31 
1.38 

14.49 

BOOK 
DEPRE. 

.33 

.41 

.43 

.46 

.48 

.51 

.54 

.58 

.61 

.65 

.68 

.71 

.75 

.79 

.33 

8.75 

FISCAL 
DEPRE. 

.83 

.83 

.83 

.83 

.83 

.83 

.T 

.83 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

6.62 

THRUPUT 
TAX 

.26 

.24 

.27 

.29 

.31 

.33 

.34 

.36 

.47 

.48 

.49 

.C 

.51 

.52 

.52 

5.91 

INTEREST 

.00 

.54 

.50 

.45 

.40 

.35 

.30 

.26 

.22 

.17 

.13 

.09 

.04 

.00 

.00 

3.44 

CORPORATE 
TAX 

.04 

.29 
".21 
".16 
-.12 
-.07 
".03 
.00 
.64 
.67 
.69 
.71 
.72 
.73 
.70 

4.01 

NET OPER. 
IICOmE 

.81 

.85 

.91 

.91 

.91 

.90 

.89 

.87 

.85 

.82 

.79 

.74 

.68 

.62 

.55 

12.12 

w
 



Table 3 

MOMBASA REFINERY 

TOTAL PROJECT ECONOMICS 

CASE # 1; COST BASED; BASE FINANCE 

-01/14/82
"CASH-OUTFLOU STATEMENT 

MILLIONS OF CURRENT U.S. DOLLARS 

YEARS 

4983 
1984 
1'35 

:?0 
1991 
!Q92 

94 
95 
6 

1997 
1998 
1999 
2000 
2001 

FOREIGN LOCAL 
INVEST. INVEST. 

(EX DUTIES) 
.00 .00 

2.65 .00 
1.14 .41 
.52 .57 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.0c .00 
.00 .00 
00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 

EQUITY 
ON FOREIGN 
INVESTMENT 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

EQUITY 
ON LOCAL 

INVESTMENT 
.00 
.00 
.32 
.46 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
-1.45 

FOREIGN 
DEBT 

SERVICE 
.00 
.00 
.00 
.00 
.88 
.83 

.79 

.75 

.70 

.66 

.62 

.57 

.53 

.49 

.45 

.40 

.00 

.00 

.00 

LOCAL 
DEBT 

SERVICE 
.00 
.00 
.00 
.00 
.07 
.06 
.06 
.05 
.05 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

FOREIGN 
OP; COSTS 

.00 

.00 

.00 

.14 

.16 

.17 

.18 

.19 

.20 

.22 

.23 

.24 

.26 

.27 

.29 

.30 

.32 

.33 

.00 

LOCAL 
OP. COSTS 

.00 

.00 

.00 

.45 

.49 

.53 

.56 

.60 

.63 

.68 

.72 

.7? 

.82 
,86 
.90 
.95 
.99 

1.04 
.00 

TOTAL 
OUTFLOU 

.00 

.00 

.32 
1.04 
1.59 
1.59 
1.58 
1.50 
Z.59 
1.55 

1.5? 
1.59 
1.61 
1.62 
1.64 
1.65 
1.31 
1.38 
-1.45 

TOTAL 4.31 .98 .00 -.68 7.67 .28 3.50 10.99 21.76 



Table 4 

MOMBASA REFINERY 
TOTAL PROJECT ECONOMICS 

CASE # 1; COST BASED; BASE FINANCE 
-01/14/82-

NET CASHFLOU 

MILLIONS OF CURRENT U.S. DOLLARS 

1 
0 

YENS 

183 
19q4 
1985 
1'6 
I927 
1 8 
?c9 
290 

1991 
:'92 
1 

19?9 
.00 

..;, 

REDUCTION 
CRUDE 

iPeRTS 
.00 
.00 
.00 

137.10 
163.51 
151.95 
137.40 
119.44 
102.57 
32.62 
59.25 
31.49 

.00 

.00 

.:9700 

.9800 

.00 

.00 
00 

REDUCTION 
A.G.C. 
IMPORTS 

.00 

.00 

.00 

.00 
3.34 
18.10 
35.29 
53.08 
67.96 
87.50 

112.59 
144.26 
185.29 
197.94 
211.46 
225.90 
241.33 
257.81 

.00 

INCREASE 
SULFUR 

EXPORTS 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

MATERIAL 
BALANCE 

GAINS 
.00 
.00 
.00 

137.10 
166.86 
170.05 
172.69 
172.51 
170.53 
170.12 
171.83 
175.75 
185.29 
197.94 
211.46 
225.90 
241.33 
257.81 

.00 

DECREASE 
HSFO 

EXPORTS 
.00 
.00 
.00 

-110.60 
"134.05 
"134.48 
"134.14 
-124.50 
-120.28 
-116.60 
"112.44 
-109.04 
-105.26 
-110.73 
-114.49 
-122.56 
"128.93 
-135.63 

.00 

NET 
MATERIAL 
BALANCE 

.00 

.00 

.00 
26.50 
32.80 
35.57 
38.54 
48.01 
5C.25 
53.52 
59.40 
66.72 
80.03 
87.21 
94.97 
103.35 
112.40 
122.17 

.00 

TOTAL 
OUTFLOU 

.00 

.00 
-.32 
-1.04 
-1.59 
-1.59 
"1.5e 
"1.58 
-1.59 
1,55 

-1.57 
-1.59 
-1.61 
"1.62 
-1.64 
-1.65 
-1.31 
-1.38 
1.45 

CHANGE 
IN 

WORK. CAP. 
.00 
.00 
.00 

-1.95 
.17 

".23 
-.24 
-.78 
-.18 
.2? 

-.48 
-.60 

-1.10 
".59 
-.64 
-.69 
-.75 
".81 
9.16 

NET 
CASHFLOU 

.00 

.00 
".32 

27.40 
31.04 
34.21 
37.20 
47.21 
4.05 
52.24 
58.31 
65.73 
79.52 
86.18 
93.97 
102.39 
111.84 
121.61 

7.71 

.'JiAL 985.32 1341.86 .00 2827.19 "1815.74 1011.44 -21.76 .00 989.68 

NET PRESENT VALUES AT 10% 
NET PRESENT VALUES AT 15% 
NET PRESENT VALUES AT 20Z 

313.66 
193.99 
126.59 



Table 5 

MOMBASA REFINERY 
TOTAL PROJECT ECONOMICS 

CASE 0 1; COST BASED; BASE FINANCE 
-01/14/82-

NET CASHFLOU DISTRIBUTION 

MILLIONS OF CURRENT U.S. DOLLARS 

---------------------------- GOVERNMENT------------------------------- I 
YETRS REFINERS REFINERY IMPORT UITHHOLDING CORP. 8 CORP. TAX TOTAL USERS OTHER NET 

1"83 
894 

1985 

.00 
".53 
-.30 

.00 
-.53 
-.30 

DUTIES 
.00 

1.06 
.27 

TAXES THRU. TAXES 
.00 .00 
.00 .00 
.00 .00 

ON USERS 
.00 
.00 
.00 

.00 

.53 
-. 03 

.00 

.00 

.00 

.00 

.00 

.00 

CASHFLOU 
.0c 
.00 

-.32 
I 
1 

.16 

.00 
.16 
.04 

.00 

.00 
.00 

2.29 
.30 

".05 
10.52 
13.19 

10.90 
15.48 

10.58 
14.63 

.68 

.94 
27.40 
31.04 

S 

1"i9 
90 

I91 

.07 

.10 

.13 

.15 

.08 

.11 

.14 

.17 

.00 
O0 

.00 

.00 

2.82 
3.04 
3.28 
4.10 

.07 

.13 

.19 
-.25 

14.20 
15.32 
19.12 
19.90 

17.16 
18.60 
22.74 
24.42 

15.88 
17.22 
22.62 
22.36 

1.10 
1.28 
1.72 
1.92 

34.21 
37.20 
47.21 
48.85 

n 

1992 
1993 
1994 
1995 
"96 
97 

,998 
i99? 
2000 
2001 

.19 

.21 

.16 

.21 

.23 

.24 

.25 

.44 

.42 

.81 

.21 

.23 

.18 

.23 

.24 

.25 

.26 

.45 

.43 

.81 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

4.26 
4.52 
5.00 
5.54 
6.65 
7.26 
7.93 
8.64 
9.42 
10.26 

.31 

.36 
1.11 
1.15 
1.18 
1.21 
1.23 
1.25 
1.22 
.00 

21.09 
23.34 
25.90 
31.11 
33.99 
37.11 
40.48 
44.12 
48.08 

.00 

25.68 
28.46 
32.19 
38.03 
42.06 
45.83 
4 .?0 
5.46 
59.15 
11.07 

23.99 
27.08 
30.36 
37.45 
39.70 
43.33 
47.25 
51.49 
56.09 
-19.59 

2.18 
2 56 
3.02 
3W 
4.20 
4.58 
5.00 
5.45 
5.94 
.00 

52.24 
58.31 
65.7a 
79.52 
86.18 
93.97 
102.39 
111.84 
121.61 
7.71 

TOTAL 2.94 3.18 1.33 85.01 9.92 397.47 496.92 445.42 44.40 989.68 

SNET PRESENT VALUES: 
10% 
15% 
20% 

.39 

.02 

.15 

.48 

.09 
-. 10 

1.08 
.98 
.90 

24.56 
14.56 
9.13 

2.75 
1.57 
.95 

126.21 
78.18 
51.11 

155.00 
95.38 
61.98 

145.00 
90.71 
59.81 

13.19 
7.87 
4.96 

313.66 
193.99 
126.59 

14.4Z 4 INTERNAL RATES OF RETURN 928.9% 

IV NTERNAL RATE OF RETURN (REFINERS+USERS): 381.8Z 



Table 6 

MOMBASA REFINERY 
PROJECT'S BALANCE OF PAYMENTS 

CASE 0 1; COST BASED; BASE FINANCE 
-01/14/82-

MILLIONS OF CURRENT U.S. DOLLARS 

YEARS FOREIGN REPAYMENT 

EQUITY OF DEBT 

193 .6c .00 

14 .00 .00 

1915 .16 .00 

19 .23 .00 

01E" .00 ".88 

S96. .00 ".83 

i8s .00 -. 79 

1970 .00 -.75 

1991 .00 -.70 

1 rQ2 .00 -.66 

.00 -.62 

.00 -.57 

.00 -.53 
•6 .00 -. 49 

77 .00 -. 45 

i 98 .vO -. 40 

1999 .00 .00 

2000 .00 .00 

1001 -. 73 .00 

T(TAL -.34 -7.67 

N PRESENT VALUES AT 10% 

NET PRESENT VALUES AT 15% 

FOREIGN 

OP. COST 
.00 
.00 
.00 

-. 14 
-. 16 
".17 
".18 
-. 19 
-.20 
-.22 

-.23 
-. 24 
-.26 
-.27 

-.29 
-.30 
-.32 

-.33 
.00 

-3.50 

NET MAT. 

BALANCE 
.00 
.00 
.00 

26.50 
32.80 
35.57 
38.54 
48.01 
50.25 
53..52 

59.40 
66.72 
80.03 
87.21 
94.97 
103.35 
112.40 
122.17 

.00 

1011.44 

CHANGE 

IN INVENT. 
.00 
.00 
.00 
.21 
.69 
.00 
.00 
.00 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

-.90 

DIVIDENDS BALANCE B. 

RAPAT. OF PAYMENTS 
.00 .00 

.00 .00 

.00 .16 

.00 26.37 

-10.8 20.24 

-13.34 21.23 

-14.38 23.19 

-15.53 31.55 

-19.38 29.96 

-20.t7 32.47 

-21.38 37.17 
-23.65 42.24 

-26.20 53.03 
-31.46 54.99 

-34.36 59.88 

37.50 65.14 
"40.89 71.19 

-44.56 77.23 

-48.52 -49.25 

-402.17 596.86 

199.31 
126.00 
03.88 

OF PAYM. 
EX UGANDA 

.00 

.00 

.16 
24.91 
18.28 
18.92 
20.50 
27.95 
25.94 
27.93 

31.82 
35.90 

45.03 
46. 27 
:0.38 

54. 1 
59.95 
65.06 
-49.25 

504.56 

UGANDA NET BAL. 

FEES OF PAYMENTS 

.00 .CC 

.00 .00 

.00 .16 

.10 25.01 

.10 18.37 

.12 19.04 

.14 20.63 

.15 28.10 

.17 26.12 

.19 28.12 

.22 32.04 

.30 36.20 

.32 45.35 

.33 46.60 

.33 50.71 

.34 55.15 

.35 60.29 

.35 65.41 

.00 -49.25 

3.50 508.06 

172.93 
110.25 
73.96 

NET PRESENT VALUES AT 20% 



Table 7 

MOMBASA REFINERY 
FINANCIAL ANALYSIS 

CASE H 2: COST BASED; BASE FINANCE 

-12/09/82-

MILLIONS OF CURRErOT U.S. DOLLARS 

OPERATING 1NCOiE STATEMENT 

YEARS PROCESS 
FEE 

($/BBL) 

CRUDE 
PROCESSED 

(000"BBL.) 

GROSS 
REVENUES 

CASH 
OPERAlING 

COSTS 

BOnK 
!II:PRE. 

FISCAL 
[.EPRE. -

THRUPUT 
TAX 

INTEREST CORPORATE 
TAX 

NET OPER. 
INCOME 

1 

1987 
1998 
1989 
1990 
1991 

1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 

.37 

.41 

.48 

.50 

.51 

.52 

.53 

.55 

.72 

.73 

.75 

.76 

.77 

.76 

.76 

26315.40 
23863.20 
24082.30 
24522.00 
25466.28 

26176.32 
26725.32 
27135.24 
27450.00 
27450.00 
27450.00 
27450.00 
274 S0.0 
27450.00 
27450.00 

9.79 
9.90 
11.44 
12.17 
12.89 
13.59 
14.29 
14.92 
19.73 
20.15 
20.49 
20.79 
21. 0 
21.01 
20.90 

1.30 
2.82 
3.02 
3.21 
3.41 
3.62 
3.85 
4.09 
4.35 
4.57 
4-90 
5.04 
5.29 
..55 
5.83 

2.31 
2.88 
3.06 
3.24 
3.43 
3.64 
3.86 
4.09 
4.33 
4.55 
4.78 
5.02 
5.27 
5.53 
5.81 

5.76 
5.76 
5.76 
5.76 
5.76 
5.76 
5.76 
5.76 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

1.47 
1.48 
1.72 
1.83 
1.93 
2.04 
2.14 
2.24 
2.96 
3.02 
3.07 
3.42 
3.'1, 
3.15 
3.13 

.00 
3.80 
3.43 
3.06 
2.70 
2.33 
1.96 
1.64 
1.31 
.98 
.65 
.33 
.00 
.00 
.00 

.57 
-I.7 
-1.12 

.76 
-.41 
-.07 
.25 
.53 

5.00 
5.21 
5.39 
5.54 
5.67 
5.53 
5.37 

5.62 
5. ? 
6.49 
6.49 

6.4o 
6.40 
6.32 
6.20 
6.05 
5.82 
5.53 
5.20 
4-1 
4.38 
3.89 

TOTAL 396436.56 2'13.07 60.73 61.79 46.10 36.46 22.19 34.91 85.z3 



lE..pS; NET DPW, AV. CAPI:. 

III.ME EIPLUYED 
!9:1.$ .00 .00 

.00 .030 

.00 .00 
1'11l.' .00 .00 

47. 3141 ':s+ 5• 9".2 #4.95 

1 6. 49 51.91 
I'?913 6.49 51.130 

i 991 6 46 ai1 ' 
51 . 66 
51.2219:'6.40 

S2 50 .55 

. 49.6109 " 
6. 05 48.37 

15196 5.02 146.59 
.97 53.- 44.26 

I.20 41.57 
38.511119/ 4.01 

2001 43. &9 35.03 
20J1 3.09 31. 12 

20110: . 1 .00 


rL05.a3I UIF,. 

rillIllll¢ Il. I, 31- 0+pII-RII,.o REtURN3J: t6.9% 

',. RAI IF RETIJ R : 10.4t%RI .,. i diJllhv 

2 

Table 8 

c, to;ciI 2: 
*0i hA. * 3)6 3 

itl. 3l ; 
p3*p . . 

-L 2."-0 

.[' 
. 

t 

t , 
3*+ I*0 

_ 
3 

It!AN'E 
-*iii,it * *ii 

MILL.1 Jrl3 0U- t7lt-lt l 

TIIRLIMI'3T IN I CP.'; 

'TAX 
.00 .00 
.00 . 11) 
.00 . 00• O0. 1,0 

.0,*"~ 
1.47 .01 . :0 3. UO 

oJ . S. IJ5iOLI+.RS 

tJ.T 

II:LIM" 
.01)
.it)
.0,1. U0 

.00.0 
4. 1I'.[in 

[400il 1 

[,EI'RE. 
.00 
.00 
. OU.00 

2.31ll[ 

';.,: 

UUHK 

1 

.AI'. 

i.ll 
u('Ill)" 

.1 

. 

EOII 

, ('C[ t 

",• 6.".4 1,$ 

" iI 

iii I 

C,,.IIl l.t1U 

9-1t"4 ., 

,, 

1.72 
1.83 
1.93.lq2 

2. 04 
.1 1 

.. 
2.96 

3.02 
3.07 
3.12 
3.16 
3.1, 
3.13 
.00 

3. 13 
3.06 
2.703"' 

2. 33 
.96 

1.31 

. 

.65 

.33 

.00 
.00 
.00 
.00 

. 
1.60 
1.133)' 

2.0all 

2.21 
3

1.7. 

1.02 
1.330 
1.75 

6. 
... 3 
. .1.01 

.313 

3.04 
3.24 
3.1433, . 

-
404.33 

to. 75 
1.70 

5.0. 
.. 2 7 

5.D.u 

.0 

11 
.04 
.OO.ft) 

.4*A0 

.0(l 

.1333 

.01 

.0 

'.09 

|I.l 
* " 

1.2.. 

-3.0 l. 
.01(I1 

I.21"0. 0 t)l2.,.' 

- . " 
' I 

2.73 
-. 

. l.. 

. 3l1J 

1". tilt 

1 

. 

. 

,3:,: 

,"+ 
.'.. 

1I. .i' 

2-6.'162. 1? 26.. . 61.79 

http:19:'6.40


Table 9 

MOMLIP1%ARCF ItIlLR( 

-12/0 7.-U.'-
C,HIl-GUTF.IU S ",TIioLrfI" 

tII.A.IM4S OF CUIREiT I... t1oLLARS 

=e.Rs FOREiIGN Lflr.I. EQIIITi EUIJ I T' FORI.I-;1 I.OCd. FOREIt3il L.CAL. TOIAi1. 
(IVFSI. INVEST. ON FORFIGN ON t.M.AI. III iIcUI UP. COSTS Op. Lo!. IS OiTrr.0u 

(LX IIL TIES) INVESTEa,1 I [NVES I iENT SERV Ct" SERVICE 
I yU3 
1.?.11 

.00 
2.99 

.00 
.001 

.00 
.0o. 

.01) 
.00 

.,L1 

.0n 
.00 
.00 

.00 

.00 
.00 
.0 

.00 

.0(1 
I lm,% 19. 2 .F51 .01) .31 OU .01 .f0 .0t) .39 

., '1.109 4.30 .00 3. -14 .00 .00 .00 0. t' 
3.17". !1 2.07 .00 1.65 .00 .00 .30 .91 2. t 

198.1 
1FI*, 

.00 

.00 
.00 
.00 

.00 

.)0 
.00 
.00 

6.33 
6.00 

.47 

.43 
.02 
.80 

1 .9 
2.'li 

9.0,
9.4. 

tyO .00 .00 .00 .00 5.67 .40 .93 2.27 9.28 

19p2 .00.00 .00
.00 

.00

.00 
.00.00 5.35 .36

3.02.32 .99
1.06 

2.1ui
5, , 

?.11
19.96 

.00 .00 .00 .00 4.6Y .00 1.12 2.73 8.54 
199'i .00 .00 .00 .00 4.37 .00 1. "1.12.o 0].46 
tY95 .00 .00 .00 .00 4.04 .00 1.27 3.011 0.39 

19Y6- .00 .00 .00 .00 3.71 .00 1.33 3.2", 1.213 
L997 .00 .00 .00 .00 3.38 .00 1.40 3.'1!9. 0 
19"11 .00 .00 .00 .00 3.1A .00 t.47 . ,7 '3.09 
I'"P91?.01 .00 .00 .00 .00 .00 1.54 3. ?5 5.29 

U(10 .00 .00 .00 .00 .00 .00 1.62 1. 5 ss 
2001 .00 .01 .00 .00 .00 .00 1.70 '.13 5.03 
2011 .00 .00 .00 10. 04 .00 .00 .00 .00 "tO.1' 

i1,',". 30.01 6'.08 .00 -4.55 5i..: 1.98 17.69 113.0lt 109. 77 

Fl 



Table 10 

a:,' ," 

mlUMFie,:3, RE ritERY 
Til) ',. PPIIJu:I E tI-tl'lllltr;. 

I3 .+ t:to~ I;*i;tLa; Ic,,.i"I
+ 1,th'oil : 

N]EI I: oiIII1-ILI 

hlI.l.LOhOS (Jr cII R I1.;. ii11..K'oIf' 

1 
I-
O 

Yr,R5 

19 '.1 

11"1 
el. 

Y 1 
Y. I, 

15 /11 
199•t 
1992 

l9".' 
1' 

IUV. 
19 7 

1V99 
211tlO 
.'DO L 
21111. 

To IA. 

RLIIC 014 

ie,: IIF 

.011 

.fit) 

:!23...1Y 
23UO. 05 
... til 

12.29 
1411.iW . 

121.11? 
911. Y1 
SO .1.;9 

0 
"11. 15 
76.30 

102.1 y 
IOlt.'13 
113.85 

.0) 

2001.90 

icr 1(' 

i (y 

.00 

.00 
.00 

1" •1.25' 
17.20 
35.29 

53.08 

71 IQ 
9,6. 25 

129.54 
175. 7 
23A..61 
25 1 .51.7I 
2611. 9 
2137.24 
306.6 
327. 1 

3tt !.20 
.00 

.1. 2 

.I NC ,REAS[_ 

rifil lt"E . |T-

.10 

.0 

.10 

.0 0 

.00 

.00 
(tOO 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

TER [At. it (.RI J7,.L-

t lX ("l',[ ,rl LXP I. 
.00 .00il 

.00 0 

.00 .00 
"o.00 .110 

97. '? -77..' 
24 1l.-49 "109.43 
26t. 32 2u ., 

276,.92 ,13 

253.71 20?.73 
245.16 2106.32-1,.10 .6t-:OF#.P 6 0 

- "" "11 
274.07 -204.1 
316.20 -203. 29 
337. 2' -213.Ola 

359.64 -22' .99 

303. 54 -236. 70 

409. 05 249.001 

1136.25 -2,,1 .'-

it .a. ,-:.l . 
.00 .A)u 

i60,.43 -31 72. I 

NI:I ro.t i. 'lhi,r.1" 

i ,LIR h)l. ou ru .O z11
11,,.,'tl:t, uurd. i v 

.00 .00 .(III 

. ) 9il.in .00 

.00 39 .00 
3111 . 

9'P. 1. j 66 
S1 .06 - Y. 62 
.7.06 9.9'5 

623i..,'..2? " .28 ..U, 

'&5.?9 "-. 9603t 
31.[1i -.11 .61I45. 02 "13. !;,t o 

S. .0 
69 . .63 -['6 -. 113 

112.91 . 9 ..5? 

123.3 3. 3 .8.5: U.73 

1JIt.65 "S3.113 -.92 

1fI 6.115 "0.09 t.CI 

6O . -5. 29 t.iI 

17'i •2Y : . 

i1 .01 -. ]3 . " 
.011 10.011 1.%1 

ti;11 .2*: -109. .. tl3 

Ni I I'RL:3r3i VAI.t ', At 1):1.0%. 

iE I'I I VfI.IJI.'3 114I L '." 

NF F IlR.:;!:tJ r V AIW.' A I 2117 

NEI 
.AJlll-IIIJI 

.ti 

.A31) 

. W 
311 

1" V 
'tit .41.5 
IU11.....'6 

29.+ 7 
.2.r "1, 

11S.II 

17*. f9 
139. ; 

-. •-1 
. 4. 

.Al 
.:l. 

t25. 2,1 



Table 11 

MOMBI~ASA f-'F|" 1ritl0' 
SO"r.il. I'HtJ Jr.l:. , ."Ijill)tilC3 

L.ASL 3 2; COST ".-,r.i; i,-iC I IIIAtJCE 
A 2"0.'U"t 

NEl CA: III-.OLI bI:;tl;Jl:11l [fl 

MlIl.1.100tS OUi t.Ultl-;l: UlI.S5. D;OLLA'RS; 

----------------------------------------------- --- Gov.RII -l- - -.... I 

n 

YEA RG 

'18.03 
19'f11 
1915 
I YU. 
I Im17 
I.U 
19:,9 
19-0 
1991 
. 1112 
17;V 3 
19't 

Lc? '6 
1'7 

19n9 
2Ut10 
2,01 

1W.'1 

REFINERS 

-3.32 
1.'lf-

2.0,% 
.112 
.58 
.77 
.97 

1.15 
1.147 
1.63 

1.30 
1.66 
1.76 
1.06 
3.31 
3.25 
3.19 
5.50 

PEF[tJERY 

.00 
-3.3 - 2 

1 •13 
-1.72 
"2.05 

.35 

.64 

.89 
1.11 
1.31 
1.65 
1.03 
1.50 
1.81 
1.92 
2.02 
3.i6 
3.39 
3.30 
5.65. , 

IMPORT 
[U r [ES 

.0 
6.64 
2.57 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
.00 
.00 
.00 
.00 

UtTIIH0I.r'rJh 
TAXES 

00 
.00 
.00 
.0 

Ot 
1.24 
3.81 
4.35 
5.12 
3.10 
2.42 
2.92 
5.06 
0.20 
9.07 
10.02 
11.0a 
12. 15 
13.35 
14.07 

CjI'ORP. & 
1111.1l. rXES 

.0.0 

.00 
00 

il 
2.03 
-. 30 
.60 

1.07 
1 .52 
1.96 
2 59 
2. 77 
7.96 
0.23 
3. 46 
8. 66 

1.12 
8.611 
8.5 

.Ou 

I1 1. 
[Wi I)5l_|s 

.O 

.00 

.P P, 

.0il 
It. 1:, 

17.61) 
19.84 
23.36 
13.78 
10.51 
12.79 
22. 77 
37.74 
41.00 
46.23 
51.05 
5e. 30 
62.09 
65.65 

.110 

IT, L 

.0 0 
:3. 32 
1.09 

-1. 72 
21 

1a.18 
24.9( 
29.66 
21.53 
16.89 
19. 26 
30.30 
52.26 
60.0.S 
65.69 
71.75 
79.63 
06.:A 
90.80 
19.72 

'I.1:l1!; 

.0 
.AO 
.00 
.lO 

-it-
2L4.["3 
22.32 
27.32 
1t., 
10.213 
15.1W 
29. "22 
49.09 
49.'C7 
54 .23 
59.84 
65. nj 

2.610 
75. i'13 

-30.-66 

,}MEI' R 

uO 
.'O13 
.i" 
u 
24 

1.03 
. l. 

2. Jio'I 
1.211 

.?5 

1. I,, 
2.05 
4 . 6 

. 16 
5. ?1 
6.30 
6. ,; 
7. -6 

.it1 1; 

. 01 0. 

il'1A 
U.SIIF Lou.tIU 

.04( 

.. il) 
. 
it It 

W, 1!1 
411 .'I 

3. 111 
21..1 

6,3. 1i 
101.11 
Ji. 1/3 

2.. 31? 
139 . 
t5,. 

t. 

IU I d. 24 . 00 26.36 9.21 105.73 7t. 37 103,,. 16' 69B.5t slj . ,:, 54.4 11 1 . 

ill I PRf SFtJT VA'.LfIS: 

10'. 3.01 
.19 

-1.10 

3.:30 
.69 

-. 77 . 

7.'2 
6.71 
6.111 

26.'15 
14.65 

1.,2 

113.11 
9.95 
5.77 

132.37 
76.32 
16.63 

tLt.15 
108.32 
66.36 

153.It 
89.7'; 
55.'4 

1 .. 78, 
7. 6 (1 
14.41 

It.I 

12...'; 

15.-4 IUTECRNAL. RATE OF RF1IJRJ I 44O.q7. 

S lilit'lrlA L PATE UF RErIJItJ ,REFINERSI-LJSERS): 914.5. 

zt*
 



Table 12 

•IIPF'ASA REF rILffr-
PRO 1:7r ' L:f*.,,slUL fit P. l1 IIII 

IASL i 2; 1(1SI I.[r; 4.:--E -rII.ILE 
-12,*07,'.! -

MII M.1IOr5iF"L:IIhE.il II.M'. [ruL.L.ARS 

ICARS 

1983 
1914 
19351'yoc,. 

F(OPE[irJ 
EUL I TY 

.00 

.00 

.20t.72 

REPAMiENT 
OF [ElP I 

.uO 
;00 

.00.00 

FOIEIGN 
OP. COST 

. U0 

.00 

.00.00 

JEI" MAT. 
FIALICE 

.00 
.00 
.00.00 

IN 
CIIAIJ'jF 

INVItil . 
fill 
.0u 
.OU.00 

[I I II '-
RAPAI. 

.01n 

.Oil 

.00O00 

D.L',.ICE P4. f)} Pi Yti. 

Of- PAIrItTS C '. ,,'l1," 
.00 Oil 

.00 *lfl 

.20 .2111 .'.'2 1..2. 

UL1i'fr r1El OkAl.. 
FEU-', it' PA'i'l NI') 
.1111 . till 

.01 .iI 

.0hi .20. 0 t . 7"2 

19s7 
1'.1:0 

1.'?'I 
1YI 

1P.. 
1"13 
19,4 
19y5 
1..00 

19/'1 
1199 
20011 
20lt 
2U2 

.83 
.O 
.00 
00 
00 

.00 

.00 

.30 

.00 

.00 

.00 

.00 

.ou 

.00 
-5.02 

.00 
-6.33 
-6.00 
-5.67 
5.35 

-5.02 
4.69 
-4.37 
-4.04 
-3.71 
-3.38 
-3.06 

.00 

.00 

.00 

.00 

.30 
-. 82 
-. 88 
-.93 
- .99 

-1.06 
1.12 

-1.19 
-1.27 
-1.33 
-1.40 
-1.47 
-1.54 
"1.62 
-1.70 

.00 

17.43 
51.06 
57.86 
68.29 
45.99 

38.84 
45.02 
69.63 

1.12.91 
123.36 
134.65 
146.85 
160.05 
174.29 
183.01 

.00 

.15 

.'&1 

.00 

.00 

.00 

.00 

.00 

.00 
.00 
.110 
.00 
.00 
.00 
.00 
.00 
.oil 

.00 
5. (17 

-1.04 O 
-20. 58 
-2' 23 

-1t.65 
-11 .'ti 
-13.R2 
-23.94 
-38.91 
-'2.92 
-47.39 
-52.23 
-57.4.9 
-63.15 
- .55 

21).03 
38.51 
32.94 
41.10 
15.42 

10.11 
27.76 
50.25 
83.67 
79.51 
36.95 
91i.9'i 

106.213 
115.19 
110.16 
71.57 

19.06 
3 ..96 
30. 
3 . 98 
11.9? 

15.20 
211.31) 
45.03 
72.313 
67. 1 
73.1s 
80.25 
90.27 
97.7-
99.96 

,-7 , 

19 
.419 
.j?_157 
1?1 
..7 

1.02 
L.o; 
1.12 
1.97 
2 2v, 
2.0. 
2.02 
2.10 
2.10' 
2.0'' 
.o 

'.5-. 
36.I'. 
*ll-2 
.1,,"li 

:. ,.1 

7- 5 
Y 

;lI" 

1i1 .'/0 

,I 

T9 I;d. -2.28 -51.62 -17.6? 1431.23 .63 -501.12 859.16 729.1- 21.0! 

r~t-11'PCEfT 
OL: PRESENT 
tit I FlIt:.[EIIT 

VALUES 
VALIUES 
VAI.LIES 

Ar 10Z: 
AT t5% 
AT 20% 

247.91 
14.54 
71.67 

22 . 

3i.33 i 



Table 13 

MHOMASA REFINERY 
F I NANC IAL ANALYSIS 

CASE H :5; COST BASED; BASE FINANCE 

-12/07/82-

MILLIONS OF CURRENt U.S. DOLLARS 

OPERATING INCOME STATEMENT 

YEARS PROCESS 
FEE 

($/BBL) 

CRUDE 
PROCESSED 

(O00"BBL.) 

GROSS 
REVENUES 

CASH 
OPERATING 

COSTS 

BOOK 
DEPRE. 

FISCAL 
DEPRE. 

THRUPUT 
TAX 

INTEREST CORPORATE 
TAX 

NET OPER. 
INCOME 

1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
19913 
1999 
2000 
2001 

1.46 
1.52 
1.95 
2.03 
-2.10 
2.17 
2.23 
2.28 
2.98 
3.04 
3.09 
3.13 
3.16 
3.19 
3.18 

25290.60 
23973.00 
21484.20 
21960.00 
22450.44 
22948.20 
23460.60 
23987.64 
24522.00 
24522.00 
24522.00 
24522.00 
24522.00 
24522.00 
24522.00 

36.97 
36.50 
41.95 
44.62 
47.25 
49.85 
52.39 
54i.74 
72.96 
74.48 
75.68 
76.72 
77.59 
78.28 
77.95 

4.72 
10.33 
11.31 
12.06 
12.86 
13.71 
114.63 
15.60 
16.64 
17.47 
18.35 
19.27 
20.23 
21.24 
22.30 

8.75 
10.66 
11.30 
11.98 
12.70 
13.46 
14.27 
15.12 
16.03 
16.83 
17.67 
18.56 
19.48 
20.46 
21.48 

21.87 
21.87 
21.87 
21.87 
21.87 
21.87 
21.87 
21.87 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

5.55 
5.48 
6.29 
6.69 
7.09 
7.48 
7.86 
8.21 
10.94 
11.17 
11.35 
11.51 
11.64 
11.74 
11.69 

.00 
14.10 
12.83 
11.56 
10.29 
9.02 
7.75 
6.64 
5.53 
4.43 
3.32 
2.21 
1.11 
.00 
.00 

2.17 
-6.87 
-4.66 
-3.40 
-2.18 
"1.01 

.13 
1.09 
17.93 
18.63 
19.20 
19.68 
20.08 
20.38 
19.78 

21.33 
12.31 
24.00 
23.98 
23.88 
23.68 
23.37 
2.93 
22.36 
21.54 
20.46 
19.22 
17.80 
16.20 
14.30 

TOTAL 357208.68 897.93 230.73 228.75 174.98 134.69 88.78 120.94 317.52 

I 



Table 14 

MOMBASA REFINERY 
FINA.NCIAL ANALYSIS 

CASE N 3; COST BASED; BASE FINANCE 

-12/07/82-

NEI CASH FLOU 

MILLIONS OF CURRENT U.S. iOLLARS 

YEARS NET OPER. AV. CAP. THRUPUT INTEREST NET BOOK CHANGE IN EQUITY NET 
INCOME EMPLOYED TAX INCOME DEPRE. UORK CAP. & DEBT CASHFLW1 

1983 .00 .00 .00 .00 .00 .00 .00 .00 .00 
1984 .00 .00 .00 .00 .00 .00 .00 .00 .00 
1985 .00 .00 .00 .00 .00 .00 .00 -26.17 -26.17 
1986 
1987 

.00 
21.33 

.00 
170.60 

.00 
5.55 

.00 

.00 
.00 

15.78 
.00 

8.75 
.00 

2.69 
-25.25 
-7.07 

-25.25 
14.77 

1988 22.38 179.06 5.48 14.10 2.81 10.66 -.51 -10.39 3.5? 
1989 
1990 

24.00 
23.98 

192.00 
19.38 

t.29 
..69 

12.83 
11.56 

4.88 
5.74 

11.30 
11.98 

.37 

.16 
-10.39 
-10.39 

5.42 
7.17 

1991 23.88 191.15 7.09 10.29 6.51 12.70 .15 "10.39 8.67 
1992 23.68 1rn'41 7.48 9.02 7.19 12.46 .14 -10.39 10.11 
1993 23.37 1 6.?4 7.86 7.75 7.76 14.27 .14 -9.22 12.67 
1994 22.93 103.46 8.21 6.64 8.08 15.12 .12 -9.22 12.86 
1995 22.36 178.90 10.94 5.53 5.88 16.03 1.43 -9.22 11.26 
1996 
1997 

21.54 
20.46 

172.32 
163.68 

11.17 
11.35 

4.43 
3.32 

5.9, 
5.71 

16.83 
17.67 

.06 

.03 
-9.22 
-9.22 

13.49 
14.21 

1998 19.22 153.75 11.51 2.21 5.59 18.56 .01 -9,22 14.82 
1999 17.80 142.42 11.64 1.11 5.06 19.48 -.01 -9.22 15.32 
2000 16.20 129.57 11.74 .00 4.45 20.46 -.03 .00 24.9s 
2001 14.38 115.08 11.69 .00 2.69 21.48 -. 12 .00 24.29 
2002 .00 .00 .00 .00 .00 .00 -4.A', 38.05 42.68 

TOTAL 317.52 134.69 88.78 94.05 228.75 .00 -136.93 185.87 

NOMINAL INTERNAL RATE OF RETURN: 18.0% 
REAL INTERNAL RATE OF RETURN: 11.5% 



Table 15 

MOMBASA REFINERY 

TOTAL PROJECT ECONOMICS 

CASE H 3; COST DASED; BASE FINANCE 

-12/07/82-
CASH-OUTFLOU STATEMENT 

MILLIONS OF CURRENT U.S. DOLLARS 

YEARS 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

FOREIGN 
INVEST. 

.00 
2.73 
57.05 
35.61 
15.30 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

LOCAL 
INVELT. 

(EX DUTIES) 
.00 
.00 
39 

16.47 
8.890 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

EQUITY 
ON FOREIGN 
INVESTMENT 

.00 

.00 
...00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

EQUITY 
ON LOCAL 

INVESTMENT 
.00 
.00 

2.65 
13.17 
7.07 
.00 
.00 
.00 
.00 
.00 
.00 
l0 
.00 
0 
.00 
.00 
.00 
.00 
.00 

313.05 

FOREIGN 
DEBT 

SERVICE 
.00 
.00 
.00 
.00 
.00 

22.51 
21.40 
20,29 
19.19 
18.08 
16.97 
15.87 
14.76 
13.65 
12.54 
11.44, 
10.33 

.00 

.00 

.00 

LOCAL 
DEBT 

SERVICE 
.00 
.00 
.00 
.00 
.00 

1.97 
1.81 
1.65 
1.49 
1.32 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

FOREIGN 
OP. COSTS 

.00 

.00 

.00 

.00 
1.50 
3.26 
3.52 
3.75 
3.99 
4.24 
4.52 
4.81 
5.11 
5.37 
5.64 
5.92 
6.22 
6.53 
6.85 
.00 

LOCAL 
OP. COSTS 

.00 

.00 

.00 

.00 
3.22 
7.08 
7.79 
8.31 
8.8'V 
9.47 
10.11 
10.79 
11.53 
12.11 
12.71 

.13.35 
14.01 
14.71 
15.45 

.00 

TOTAL 
OUTFLOU 

.00 
.00 

2.65 
13.17 
11.79 
34.81 
34.52 
34.00 
33.53 
33.12 
31.60 
31.46 
31.40 
31.13 
30.89 
30.70 
30.56 
21.214 
22.30 
-38.05 

' TOTAL 110.69 28.69 .00 -15.16 197.03 8.24 71.22 159.50 420.84 



.Table 16 

MOMBASA REFINERY 
TOTAL PROJECT ECONOMICS 

CASE " 3; COST BASED; BASE FINANCE 
-12/07/82-

NET CASHFLOU 

MILLIONS OF CURREHT U.S. DOLLARS 

0 

YEARS 

1983 
1984 
1985 
1986 
1?87 
1988 
1989 
1990 

REDUCTION 
CRUDE 

IMPORTS 
.00 
.00 
.00 
.00 

142.08 
217.94 
367.04 
370.01 

REDUCTION 
A.G.O. 
IMPORTS 

.00 

.00 

.00 

.00 
1.25 
10.86 
35.29 
53.08 

INCREASE 
SULFUR 
EXPORTS 

.00 

.00 

.00 

.00 
1.03 
2.37 
2.71 
2.87 

MATERIAL 
BALANCE 

GA'NS 
.00 
.00 
.00 
.00 

144.37 
231.17 
405.04 
425.95 

DECREASE 
HSFO 

EXPORTS 
.00 
.00 
.00 
.00 

"119.31 
-187.99 
-329.12 
349.96 

NET 
MATERIAL 
BALANCE 

.00 

.00 

.00 

.00 
25.06 
43.19 
75.92 
75.99 

TOTAL 
OUTFLOW 

.00 

.0 
-1.65 
-13.17 
-11.79 
-34.81 
-34.52 
34.O0 

CHANGE 
IN 

UORK. CAP. 
.00 
.00 
.00 
.00 

-3.81 
-7.90 
-2.65 

.06 

NET 
CASHFLOU 

.00 

.00 
-2.65 
"13.17 
17.08 
16.27 
44.04 
41.94 

OI 
1991 
1992 

1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

358.76 
348.26 

337.45 
327.66 
317.63 
337.05 
357,66 
379.53 
402.74 
427.35 
448.72 

.00 

71.42 
96.25 

129.54 
175.17 
235.61 
251.70 
268.89 
287.24 
306.86 
327.81 
344.20 

.00 

3.26 
3.45 

3.91 
4.1', 
4.39 
4.61 
4.84 
5.08 
5.33 
5.60 
5.88 
.00 

433.44 
447.97 

470.90 
506.97 
557.62 
593.36 
631.39 
671.86 
714.94 
760.76 
798.80 

.00 

-360.13 
-370.62 

-381.48 
-392.70 
-404.33 
-425.35 
-447.48 
-470.76 
-495.23 
-521.00 
-547.05 

.00 

73.31 
77.35 
89.42 
114.27 
153.30 
168.01 
183.91 
201.10 
219.71 
239.77 
251.76 

.00 

-33.53 
"33.12 
-31.60 
-31.46 
-31.40 
-31.13 
"30.89 
"30.70 
-30.56 
-21.24 
-22.30 
38.05 

.29 
-.27 
-.93 
"1.99 
-3.17 
"1.16 
-1.25 
1.36 
-1.47 
-1.59 
-.91 

28.09 

39.49 
44.50 
58.75 
84.79 
125.36 
138.04 
154.26 
171.75 
190.62 
220.12 
23V,37

1. . 

TOfAL 5139.89 2595.19 59.46 7794.53 -5802.49 1992.04 -420.84 .00 1571.21 

NET PRESENT VALUES AT 10% 
NET PRESENT VALUES AT 15% 
NET PRESENT VALUES AT 20% 

395.81 
216.66 
124.80 



Table 17 
MOMIIASA REFINERY 

TOTAL PROJECT ECONOMICS 

CASE N 3; COST BASED; BASE FINANCE 
-12/07/82-

NET CASHFLOU DISTRIBUTION 

MILLIONS OF CURRENr U.S. DOLLARS 

------------------------------GOVERNMENT ------------------------------ I 

YEARS REFINERS REFINERY IMPORT UITHHOLDING CORP. & CORP. TAX TOTAL USERS OTHER NET 
DUTIES TAXES 1HRU. TAXES ON USERS CASHFLOU 

1983 
19814 

.00 

.00 
.00 
.00 

.00 

.00 
.00 
.00 

.00 

.00 
.00 
.00 

.00 

.00 
.00 
.00 

.00 

.00 
.00 
.00 

1985 -13.08 13.08 23.52 .00 .00 .00 10.44 .00 .00 -2.65 

1986 -12.62 -12.62 12.08 .00 .00 .00 -.55 .00 .00 13.17 

1987 7.39 7.39 .00 .00 7.72 -5.04 10.07 -.02 -.36 17.08 

1988 .42 1.80 .00 .30 -1.40 2.81 3.51 12.12 .22 16.27 

1989 2.47 2.71 .00 .85 1.64 14.21 19.41 20.98 1.19 44.04 

1990 3.16 3.58 .00 3.46 3.29 13.06 23.39 14.21 1.18 41.94 

1991 3.83 4.33 .00 3.29 4.90 10.79 23.31 11.30 1.04 39.49 

1992 4.49 5.06 .00 2.87 6.47 11.32 25.72 13.12 1.17 44.50 

1993 5.71 6.33 .00 3.04 7.99 15.16 32.53 18.85 1.67 58.75 

1994 6.25 6.93 .00 3.91 9.30 24.24 44.38 31.33 2.83 84.79 

1995 4.92 5.63 .00 5.88 28.87 32.54 72.91 43.21 4.02 125.06 

1996 6.23 6.75 .00 7.45 29.80 37.88 81.88 45.25 4.68 138.04 

1997 6.59 7.10 .00 8.60 30.55 43.83 90.08 52.19 5.41 154.26 

1998 6.90 7.41 .00 9.85 31.19 50.37 98.82 59.60 6.22 171.75 

1999 7.18 7.66 .00 11.22 31.72 57.55 108.16 68.17 7.11 190.62 

2000 12.03 12.47 .00 12.72 32.12 65.40 122.7: 77.30 8.07 220.12 

2001 11.76 12.14 .00 14.34 31.47 70.39 128.35 81.57 8.69 230.37 

2002 21.11 21.34 .00 15.25 .00 .00 36.59 -47.74 .00 9.96 

TOTAL 84.73 92.93 35.60 103.02 255.63 444.54 931.72 501.64 53.12 1571.21 

NET PRESENT VALUES: 
10 11.25 14.06 25.92 24.01 64.23 109.34 237.57 134.23 12.76 315.81 

15Z 1.57 3.37 22.37 12.73 35.12 58.97 132.56 75.74 6.79 216.66 

20% -2.75 "1.55 19.44 7.14 20.20 33.42 78.72 45.04 3.79 124.80 

16.4% 4 INTERNAL RATES OF RETURN 4 1372.4Z 

INTERNAL RATE OF RETURN (REFINERS+USERS): 49.1% 



Table 18 

NOMBASA REFINERY 
PROJECT'S BALANCE OF PAYMENTS 

CASE # 3; COST BASED; BASE FINANCE 
-12/07/82-

MILLIONS OF CURRENI U.S. DOLLARS 

0 

YEARS 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 

FOREIGN 
EQUITY 

.00 

.00 
1.32 
6.59 
3.53 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

"19.02 

REPAYMENT 
OF DEBT 

.00 

.00 

.00 

.00 

.00 
-22.51 
-21.40 
-20.29 
-19.19 
"18.08 
-16.97 
-15.87 
-14.76 
-13.65 
"12.54 
-11.44 
-10.33 

.00 

.00 

.00 

FOREIGN 
OP. COST 

.00 

.00 

.00 

.00 
-1.50 
-3.26 
-3.52 
-3.75 
-3.99 
-4.24 
-4.52 
-4.81 
-5.11 
-5.37 
-5.64 
-5.92 
-6.22 
-6.53 
-6.85 

.00 

NET MAT. 
BALANCE 

.00 

.00 

.00 

.00 
25.06 
43.19 
75.92 
75.99 
73.31 
77.35 
89.42 
114.27 
153.30 
168.01 
183.91 
201.10 
219.71 
239.77 
251.76 

.00 

CHANGE 
IN INVENT. 

.O0 

.00 

.00 

.00 
2.11 
6.85 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

DIVIDENDS BALANCE B. OF PAYM. 
RAPAT. OF PAYMENTS EX UGANDA 

.00 .00 .00 

.00 .00 .00 

.00 1.32 1.32 

.00 6.59 6.59 

.00 29.20 27.70 
-1.43 22.85 20.04 
-4.00 47.00 41.68 
"16.36 35.60 29.90 
-15.54 34.59 28.73 
-13.57 41.45 34.88 
-14.39 53.54 45.49 
-18.50 75.09 64.24 
-27.79 105.63 90.30 
-35.25 113.73 96.93 
"40.67 125.05 106.66 
-46.61 137.12 117.01 
"53.09 150.07 128.10 
-60.16 173.09 149.11 
-67.83 177.08 151.90 
-72.13 "91.16 -91.16 

UGANDA NET BAL. 
FEES OF PAYMENTS 
.00 .00 
.00 .00 
.00 1.32 
.00 6.59 

2.22 29.92 
2.37 22.41 
2.94 44.62 
3.35 33.25 
3.78 32.51 
4.24 39.12 
4.71 50.21 
5.20 69.44 
7.30 97.60 
7.45 '94.38 
7.57 114.23 
7.67 124.69 
7.76 135.86 
7.83 156.94 
7.79 159.70 
.0 -91.16 

TOTAL -7.58 -197.03 -71.22 1992.04 8.97 -487.33 1237.85 1049.42 82.17 1131.60 

NET PRESENT VALUES AT 10% 
NET PRESENT VALUES AT 15% 
NET PRESENT VALUES AT 20% 

347.14 
202.03 
124.45 

321.62 
188.'16 
116.87 



Table 19 

irittltSA ILYF irURY 
|"IItArCIAL i.dhILYSGS 

CASE It 4; C'OS IASED,; FNAl(CE 

MtIL.LIO(NS or CURRi JI U.S. IOLI.ARS 

IPERAI1 II' 1 Iltl-hE SI, 1TEfMlE1 

YEA.RS PROCESS 
FEE 

CRIUE 
I'ROCESSI 

GROSS 
REVNUES 

CASH 
OPERAIING 

BO(OK 
itFRE. 

FIStCAL 
ILPRE. 

ilIRIIPUT 
iAX 

1lTERES1 LORI'(ORI 
IAY*"I 

FiLt (]PEIP. 
'rI E 

(,/Etbt.) (000"BBL. ) COSTS 

1 
194'? 

IV91 

1q93 
1-,-v4 

7, 5 
c. 

JAG 

19a 
19 

2000 
:20t1 
"2002 

4.40 
'i.56 
5 .90.2. 
5.119 
5.6s, 
5.87 
6.03 
6 .1, 
0. 02 
8.10 
O.3" 
8.45 
8.56 
8.55 
B.52 

19910.40 
17824.20 
17934.00 
18351.24 
10703.12 
19222.32 
19668.04 
20130.00 
20130.00 
20130.00 
20130.00 
20130.00 
20130.00 
20130.00 
20130.00 

87.63 
[1.23 
4.49 

100.68 
106.81 
112.86 
110.511 
124.u9 
161.44 
164.63 
167.53 
170.09 
172.28 
172.09 
171.45 

21.11 
'!4. 16 
2t,.66 
27.44 
29.3I1 
31.37 
33.55 
35.89 
37.68 
39.57 
41.55 
43.62 
45.81 
48.10 
50.50 

1 t1.38 
23.43 
24. 84 
26.33 
27.91 
29.59 
31.36 
33.2 

I1 
34.90 
36.65 
3D.48 
40.41 
42.43 
44.55 
46.77 

It,,.?b 
45.95 
45.V5 
145.95 
45.95 
45.95 
45.95 
45.95 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

13.14 

12.18 
14.17 
15. 10 
16.02 
16.93 
17.78 
10.61 
24.22 
24.70 
25.13 
25.51 
25.84 
25.81 
25.72 

.0 ulU. 
31.27 
211.19 
25.11 
22.02 
18.94 
16.23 
13.53 
10.32 
6.12 
5.41 
2.71 
.00 
.00 
.00 

31' 

-
L. 

• 
"2.93 

.1S 
2.2. 
4 .55s 

Ay. 
41.51 
42.95 
44 . 
45.20 
44.1t; 
42.86 

,6 

52.0. 
51.7 
5,41 
'110.?3 
4,.9u 
44 Ys 
41.H'. 
383.76, 
35.2'-. 
31.32 

TOTAl. 292734.12 2005.86 535.33 499.27 367.58 300.88 182.35 278.87 692.38 

-;Z
 



Table 20 

I- lt|SI"JIi.I 'l IMI!L 

CASE it Cr 1i ' it: FI ttN.L 

I. it / 4 

NE I Cs'!-l]I I'I.LOW 

NILL]10115 O'F 1.I1,[1 ill l.S. W'lILLAIS 

YWARS 

1983 
I Y100 

I 
I "Li6 
I M7 

NET OPLR. 
1t( (IME 

.00 

~,.00 
.00 
.00 

AV. CAP. 
r PLOYEDI 

.00 

.00 

.00 

.00 

.00 

I IILPIJI 
TAX 
.00 
.00 
.0(1 
.00 

0 

III iE1. 

il 

I 

Oll 
It1.0 

.01 

.00 

.IIO 

I 
tiE I 

(IitE 
.00 

.00 

.00 

.00 

iLOK 
Ili rR(-t.. 

.00 

.00 
.00 
.00 
. on 

ChlAal3 Ill 
UORK C.A1'. 

. lil 

."0 

.00 

.00 

. 

Lull II f 
8 IlL [IT 

.ill 

. 01 
146 . 111 
11(1 . Ulf 

" tOt.: : 

I 
I*-I 

It Ii 
.l10 

, 

I9U0 
I 
Jiii 

1991 

44.80 
40.19 
52.76 
52.72 

358. 39 
385.51 
4: ' . O 
421 .?9 

13.14 
12.18 
14.17 
15.10 

.00 
31 .27 
28.19 
25.11 

S1 .65 
4.73 

10.39 
12.52 

10. 31. 
23.113 
24.14 
26.3.3 

t..511 
.71) 
.84ll 
.2 

4. . 
?'..i 
2ts. 

"5.'N 
.4 

.s. iY' 
" .72 

v..U? 
I ;.:'I 

S9Y., 
19(? i 

5-2 .!0 
52.05 

4'19.97 
416.43 

1t . 02 
16.93 

-2 . 0:, 
10.94 

14.115 
16.18 

23 
29.59 

3t, 
.i3 

.' 
".... 

..1, 

11,94! 51.37 410.94 17.70 ls.:3 17. 35 31.36 .29 20. t11 

1 4.1n", fiti. 41 4(13.?2 tB.ol 13.53 113.27 33.24 .7 6y 

113.41.93 391.42 24..22 10.8..2 13.1.19 311 . y2 2. 96 -22.51 23.211 

4A.90 375.22 24.70 8. 12 111.09 36.65 .11 -35. s, -. tI. u] 

Y111 44.55 356.41 25.13 5. 4 1 14. 01 311.-M .013 - 22. t.5 29.1a7 

I999 111.05 334.79 25.51 2.71 13.63 '10 .1'1 . 01i -'.!j 31 .4'. 

:'t'oo 38.7 6 610.11 25.84 .00 12. 92 42.43 .00 .00 *.. 

"'OU1 35.27 282.13 25.81 .00 9.45 44.55 -. 21 .00 b14.21 

2002 31.32 25 0. 510 25.72 .00 t,.b'O 46.77 -. 2t, .2..00.",. 

:"003 .00 .00 .00 .00 .Do .00 -10.08 71.24 131.3-1 

101AL 692.38 300.08 182.35 200.15 499.27 .00 -290.34 4114.0y 

tJhtN. LrIIERNAI. RATE OF RETURN: 17.1% 
IEA. IITE.RNAL RAil OF REIURN: 10.7% 



Table 21 
HOWlri.,IASI, Il'Ff IUER' 

TOTAL P'ROJEL I _LOOlL.'S 

CASE AI 4; COSI i';,.E'; FI*AIJCE 

-12 -'0/ 
CASH-OWlI LOU 

22 -
.TAIEMfUT 

rilLLJONS OF CURREt U. S. L0I.LARS 

fEARS 

19B3 
1901 
1985 
19., 
19.27 
]Y,79 
1 51 
19YVI 
1'14?1 
199: 
1,193 
1994 
195 
19961 
1997 
1998 
1999 
20t0 
2001 
2012 
2003 

F(IGEIGN LOCAL 
liJVES1 . INVEST. 

(EX [UTIES. 
.L0 .00 

e.. 16 .00 
113.44 4.07 

66 68. 22.86 

3'. 95 20.33 
5.97 

0,;0 .0 
.00 .00 
.00 O0 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 
.00 .00 

EUlIJIlY 
ON FORFIGH 
INIVES1ME'T 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
,.00 
.00 
.00 
.00 
.00 

EQJ 1 e 
ON LOUAL 

INVLSTIiEMi 
.OZ 
.00 

3.14 
18 .20 
1&.27 
'1 77 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-77.24 

I UREIGH 
DIl 

SERVICE 
.00 
.09 
.00 
.00 

.00 
Ou 

52. 31 
49.61 
16.90 
44. 1, 
41.49 
38.78 
36.08 
33.37 
30.67 
27.96 
25.25 

.00 

.00 

.00 

.00 

LO.OCAL 
DEItT 

SERVICE 
.00 
.00 
.00 
.00 

.00 

.00 
'1.21) 
3.82 
3 .45 
3.07 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

Fo(f.]I Gt 
(,P. COSTS 

.00 
.00 
.00 
.00 

.00 
6.83 
7.64 
8.21 
8.611 
9.22 
9.83 

10.49 
11.19 
11.75 
12.34 
12.96 
13.61 
14.2? 
15.00 
15.75 

.00 

OP. 
LOCAL 
COSTS 

.00 

.00 

.00 

.00 

.00 
111.22 
10.52 
17.156 
18.79 
20.12 
21.54 
23.06 
24.70 
25.93 
27.23 
28.59 
30.02 
31.52 
33.10 
34.75 

.00 

1OTAL 
Ui I r L.OU 

.00 

.(loo 
3.11, 

12 .:,1 

J6.?;, 
2t.. 88 
80.67 
79.0 ;t 

76. .o 
72..,. 
72.3.'. 
71.'97 
71.05 
70.23 
69.51 
68.80 
45.81 
48,10 
50.50 
-77.24 

TOTAL 2'8.03 53.23 .00 -34.78 426.60 14.54 167.64 367.69 911.69 

p
 



Table 22 

riljI,*AA1-,A REF Itlt.Rf 

IlM|Ail. PR(lfi CI U(13N lllCb 

I:ASI II 4; Coste I'ASCIi; I INAItCE 

I 1 I .;1i 4L.OU 

hil.t.illNS I1 I'IIRI.;NI ii.';. iiJI.LAIRS 

YLARS, 

1 -143 
11111 

1 
1. 
1 ,f 

. 
7 

I Y itt 
1Y.1, 
1'.'YII 
11,101 

19'3 
1,Y'.'l4.,6. 
I y"I,! 

. 

I V9., 
1997 
1l9-0a 
1Y91-
"1ll 
20 01 
"to. 
2003 

iri'uriI oIro REILCTIIN 
I'R(IIiF A. (3. (1. 

I Ht1P4I S IMI'Ik I S 
0 P .00 

.1111 .00 

.0u .00 

. 00 

.00 .00 
ils .'!.,YO14.48 
1601. 02 Sti. 29 
1"' y. 0 53. 08 
6 13. 61 71.112 
" ".2AI, 96.25, 

64'2'i. 'I 
, 129.54 

Y7 175.17 
e'73 . 113 235.61 
".Ii . ,ff, 251. i0 
... 03 268.89 
104 .39 2_87.24 

fill 3..57 306.86 
,0i5. 73 327.01 
51.02 344 . ' 
990.57 361.41 

.00 .00 

1 Nt'I[ ASL 
tl.l"0 UR 

E-xPOR; !A 
. 0 
. 0 
.00 
. 
.00i 

2. 
2.90 
3.07 
3.26 
3.60 

3.91 
4.it0 
l 66 
4.90 
5.14 
5.40 
5.67 
5.95 
6.25 
6.56 
.00 

fill], I A . III I I.-s'W 
A.ANtl[ l;I 1) 

t141UsXI'0RII, 
.00 .00 
.00 .il 

(10 .00 
.00 .00 
.00 . 00 

ti4K . 50 3 .1 IY2.-3y,. 
!190. 21 -505. 30 
655.85 -51W& .49 
l 9.28 -576.42 
727-. 17 -. 06.47 

,? .90 -637.67 
13-..L& 670 .40 
13. l5 - ;04. 15 

970.94 - 741.3Y 
1032.06 -779.96 
1097.03 -820.5f. 
1166.10 -H63.?1 
1239.49 -900.10 
1301.47 953.51 
1366.54 -1001.18 

.00 .00 

NtI T 
i',ER] AL 

V'AL.ANCE 
.00 
.00 
.011 
.00( 
.00 

92.193 
107.35 
111 .07 
121. 34) 

138.22 
16L 14 
208.70 
2 9 .55 
252.09 
2 i6.48 
302.90 
331.39 
3'7. 96 
.365.36 

.00 

101 AL 
1 ITFI.., 

.00 
.00 

.3. 14 
I. 2LI 

16.27 

00.67 
-7y.09 
-77.7li
7,s.60 

- 12.86 
-72.33 
-7.97 

71.05 
70.23 
-69.51 
"68.88 
II.81 

-411.10 
-50.50 
77.24 

('llAUGE 
It. 

LJIRr . ( ArP. 
.11 
. 0 
.00 
.I01i 
.it-

11I It4 
29. 31 

1 .09 
2!3 
. 

1.211 
-2.14 
-3. 5 
1.'9 
-1.72 
I1.07 
-2.03 
-2.19 
-1.1'9 
-1.25 
61.59 

I 
ItEl 

S Lw 

.011 

. i 
-2. 1l 

- I L..::! 
1e ..2 

. 
14 1 . I" 
29..35 
341.31
45.33 

61,.60 
Y, t., 
14 0.0? 
160. i, 
183.511 
200. ul 
236.0I 
20. 7B 
301.0
316.11 
15.65 

TIiAL. 107 5.30 2958.97 67.93 13002.19 106137.66 3114.53 -941.69 .00 2172.04 

NET 
NET 
NET 

PRE3EN[ VALUES AT 10% 
PRESENT VALUES AT 15% 
PRESENT VALUES AT 20% 

492.14 
?:55.42 
139.3 "-



Table 23 

M(JtiltAl.,e, PLF MCI¢ ,TO()TAL PI1 i-t( L.0I,001C 

AiE |1 4; CLIST I'AS[1; 
- 12"U 1-102 

I ItJlNCFL 

tit' I U.,SII I.(tU 111 SI I:., 11.1 (Jt! 

YEARS 

1983 
19811 
190!,$ 
19136 

-TI.'U 

198 
l 

1993 

I Nil19911. 
1996 
1997 
1,191) 

1'999 
2O610 

200:1' 
:'00O3 

IOTAL 

RE-FIUERS 

.00 

.00 
" 23.44 
-20.44 

t). 13 
19'. 06 

.90 
4 .119 

5.71 

10.1t 

1 I . 52
12 . 93 
10 . i5 
12. 03 
13..10 
34.50 
26.40 

25.98 
25.49 
43.17 

190.79 

------ ------- -- --- ---------
REFINERY 

.00 

.00 
- 23.44t 
-20. 44 
"0.13 
19.06b 

1.86 
Is.51 

6.62 
0.39 

11.44 

1 2. 91
14.35 

11.64 
I'l.04 
14.93 
15.72 
27.67 

27.10 
26.32 
43.66 

209."4 

-- -- -- --
]MPIIRI' U 
JitTIES 

.00 
.00 

It 1,73 
22.59 

. 00 

.00 

.00 

.00 

.00 
Gi! 

.00 

.00

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

66.33 

MILLIOgci OF ClIIPrFtI U.S. [OLLARS 

-- (iciv~kr i )I- -- - ---- ------ - ---- - 
IILr)L"ING (OR. & COiRP. 1AX 

TAXE b li,:L. I AX . UL S 
.00 .00 .(O 
.00 .00 .00 
.00 .00 .00 
. O0 .00 .00 
.00 .00 .00 .•00 16. IiV 0.[ 

.50 "2.36 IfI. , 
1.t;5 5.41 !.3t 
2.05 l.29 ' . 63
2.013 13.09 5.96Y.&"0 
2.53 16.78 10.38 

3.63 20.04 19. 395.65 23.17 34.27 
D.90 64. 14 27.59
7.10 66. :'1 35.4: 
8.78 6H. oil fill. 13 

1.3.63 69.72 53. 79 
12.66 .11.13 64.44 
14.87 70.00 71.23 
16.02 60.57 70.53 
17.24 .00 .00 

114.08 !;79.75 449.33 

--- ---- I 
1OAL 

.00 

.00 
20 .30 

2. 16 
-8.13 
-15. 73 

It . 84 
16.72 

22.59 
29.52 
41. 14 

5%. W2 
77.43 

112.27 
122.77 
135.92 
149.87 
175.90 

183.20 
109.44 
60.90 

1418.54 

IUER 

.10 
.UO 
.00 
.00 
.00

3. bI. 

.l. 12 

8.0% 

., 

14 . 

.1 
45. 

34.37 
43.61 
53.77 
65.04 
77.43 

83.09 
91.48 
-88.42 

500.43 

Oiit'.p 

.(11 
.00 
.tiO 
.O0 
.00

EC. 

. 1 

.4 

. .5 
.6"2 
1.if 

. 26 
6 .34i 21 

3.1 
4.37 
5. 45 
6.611 
7.96 
1.71/ 
9.70 
.00 

55.07 

r4f7 
C5'' IFLOU 

.0l 
.00 

"3.14 
lt0.20 
1 ,. 2
40. -' , 

4 'I I 

.il . i1 
4.. 3,1 

10 . 

1 o1..y 

2 u 
236.06 
:'8T,/a 

301.l. 
316.11 
1 ..6t. 

212.84 

HlT PRESENi VALUES: 
10% 22.43 
15% 1.93 
20% "o.77 

15.8% 

INIERNAL RATE OF RETURN 

27.99 48.29 23.16 134.36 
5.28 41.67 11.92 70.81 
-4.64 36.21 6.33 39.48 

+ INTERNAL. RAIES OF RETURN -. 

(REFINERS*USERS): 34.9% 

93.90 
46.i7 
23.63 

328.29 
175.86 
101.00 

1516.0% 

129.92 
71.97 
42.18 

11.50 
5.66 
2.91 

492. 14 
25C .;12 
139.32 



Table 24 

riOMBAA, PEr ItwLRY 
PROJLCI "'*1:L,;.LICI. ur PAYlETS 

CASE 144; COST BASED;
-12 "'T,'3.?-

FINANCE 

MILI.IOtJS OF LUVI'-: NI U.S. DOIA.ARS 

1 
t 

YEARS 

1983 
1984 
1905 
1986 
1987 
1980 
198" 
199( 
199i 
1992 
1993 
19914 
I1?75 
1796 
1997 
1990 

.1999 
2000 
2001 
10)2 
-003 

FOREIGN 
EQUITY 

.00 
.00 

1.57 
9.14 
8.13 
2.39... 

. 00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

.00 

.00 

.00 
.00 

-38.L2 

REPAYMENT 
OF I'EE4T 

.00 

.00 

.00 

.00 

.00 

.00 
-52.31 
-49.61 
-46.90 
-44.19 
-41.49 

-38.78 
-36.08 
-33.37 
-30.67 
-27.96 

-25.25 
.00 
.00 
.00 
.00 

FORETGN 
OP. CUST 

.00 

.00 

.00 
.00 
.00 

'6.83 
-7.64 
-0.11 
-6.611 
-9.22 
-9.03 

-10.49 
-11.19 
-11.75 
-12.34 
"12.96 

-13.61 
14.29 

-15.00 
15.75 
. .00 

IET MAT. 
8IALANE' 

.01, 

.00 

.00 

.00 

.00 
62.39 
92.83 
107.35 
111.87 
121.30 
130.22 

166.14 
208.70 
229.55 
252.09 
276.48 

302.90 
331.39 
347.96 
365.36 

.00 

II 
CIIAIGI: 

ItNVFtJ1 . 

.00 

.00 
.00 
.00 
.00 

8.33 
.17.02 

.00 
.00 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

[10IV IItLrIi% 
.P. 

. (0 
.011 
.00 
.00 
.00 
00 

-. 35 
"6.05 
-969 
-9.84 

-11.98 

-17.la 
-26.72 
-42. 11 
-33.57 
-41.55 

-50.30 
-59.90 
-70.35 
-75.76 
-81.55 

(4 
BA.,I1CE 

PA't#M.TS 
.00 
.00 

1.57 
?.14 
8.13 
66.27 
57.55 
42.79 
46.63 
50.05 
74.92 

99.71 
134.71 
142.32 
175.52 
194.01 

213.74 
257.21 
262.61 
273.814 
-120.17 

II. OF PAYIt. 
EX U1GAND'A 

.CO 

.00 
1.57 
9.14 
13.13 
2. 

1510.6h 
34.74 
37.613 
47.74 
62.48 

83.93 
113.34 
119.3o 
150.31 
166.36 

183.45 
224.07 
227.81 
237.31 
-120.17 

tO,,'lff 
" 
, 

FEES iEr 
.00 
.()(1 
00 
uu 
.O0 

,. 71;, 
5. 9 
. .','y.1 

H. 0f, 
Y. 14 
10.16 

11 2 6 
12.'$l 
1-,.14 
1... 461,. 
16.1, 

17.01 
17.23 
17.21 
17.15 

.00 

O1ff I:,L. 
1'411hENIS 

.00 

. 1ti 
I.I7 
9.14 
(3.1 1 

1 .4 
It,,. .4 
to. :' 
7?.l 

1'.'.'. 
115.,1 
1 ; 
183.1.1 

210.46 
:'41.30 
245.02 
254.45 
120.17 

FOTAL -17.39 -426.60 -167.64 3114.53 35.35 -539.68 1998.56 1701.03 107.38 1888.41 

NET PRESENi VALUES AT 10% 
IET PRESENT VALUES AT 15% 
UFT PRESENT VALUES AT 20% 

516.25 
290.68 
174.08 

493.26 
279.36 
168. 2. 

4 

00o 



Table 25 

MOMBASA REFINERY 
FINANCIAL ANALYSIS 

"14LACK OIL RULE'; COST BASED 

MILLIONS OF CURRENT U.S. DOLLARS 

OPERAlItUG 1NCOtME STATEMENT 

YEARS PROCESS CRUDE GROSS CASH B400K FISCAL !HRUPUT INTEREST CORPORATF NET OIVER. 
FEE PROCESSED REVENUES OPERATING* IEPRE. JIEPRE. TAX lAX INCOME 

($/BBL) (D00"*BBL.) COSTS 

1906 -1.57 9296.40 -14.57 -16.36 .00 .00 "2.19 .00 1.79 .O0 
1907 -1.75 9040.20 "15.82 "17.76 .00 .00 -2.37 .00 1.91 .10 
1980 -1.91 071i4.00 "16.76 -18.92 .00 .00 -2.51' .00 2.U6 .00 
1989 "- 12 0527.80 -10.05 "20-26 .00 .00 -2.71 .00 2.21 .110 
1990 -2.32 830(t.20 -1.27 -21.64 .00 .00 -2.89 .00 2.3" .Vo 
1991 
199: 

42.2 
.9 

84i-'t.60 
H637.60 

-20.43 
"21.49 

-22.?11 
-24.33 

.00 

.00 
.00 
.00 

-3.06 
-3.22 

.00 

.00 
2.51 
2. 4 

.(0O 

.00 
1993 2.53 1857.20 422.3 - .19 .00 .90 -3.37 .00 2.75 .00 
1994 -2.4 9003.60 "23.78 '26.70 .00 .00 -3.57 .00 2.9 .00 
1995 "2.74 9106.60 -25.21 -20.30 .00 .0c 3.78 .00 3.09 .0 
1996 2.EI 9186.60 "26.47 -29.72 .00 .00 -3.97 .00 3.5 .00 
1997 -3.03 9106.60 -27.79 -31.20 .00 .00 -4.17 .00 .-11 tO 
19YEI "3.18 9116. 0 -29.18 -32.76 .00 .00 -4.38 .00 3..3 .00 
1999 -3.34 9186.60 -30.64 -34.40 .00 .00 -4.60 .00 3.76 .00 
2000 "3.50 9186.60 -32.17 -36.12 .00 .00 -4.83 .00 3.9!; .00 

TOTAL 134029.20 -3411.07 -386.30 .00 .00 -51.61 .00 42.23 .00 
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1.0 BACKGROUND
 

It is technically feasible to produce, from a barrel of any petroleum
 
source available from the world supply, the mix of products to fit the 
demand pattern in any nation. The formidable problen in this respect is
 
cost. Where the national market is large as well as varied, and this
 
market is served by several refineries of different processing
 
capabilities, the national balance is one of a fairly close fit determined 
by cost, with relatively little export or import of finished products.
 

In many countries the situation is reversed. The national market is small
 
with significant demand for only a few products, usually in the lower
 
boiling distillate range. Only one refinery usually exists to supply this
 
demand, and this has a relatively simple processing capability. The result
 
is the import of petroleum at world prices in a quantity to suit the local
 
market for distillates, and the re-export of a significant fraction of
 
this import as heavy residual fuel oil at whatever price is available. As
 
the attention of industrial users is turned to alternative fuels, for
 
example coal, the more distressed the value of the residual oil becomes.
 

Such an adverse situation is compounded for the East African petroleum
 
refinery at Mombasa, Kenya, which has a rated crude petroleum input
 
capacity of 95,000 barrels (13,000 metric tons) per day. Here, transport
 
distances for the residual fuel-oil re-export are large; about 65 wt.% of
 
this residue is shipped to locations in East Asia, largely to Singapore.
 
Thus, a low net-back price is yielded to the refinery for its residual oil
 
export. No closer feasible locations for marketing surplus fuel oil are
 
available. Some improvement is expected when the construction of increased
 
new fuel oil storage is completed and advantage can be taken of spot market
 
conditions.
 

It is clear, accordingly, that a financial incentive exists which can
 
support the capital investment to modify the existing refinery at Mombasa.
 
Any modification should produce a closer fit between the national product
 
demand (plus the export requirements of Uganda, Rwanda, Burundi, Eastern
 
Zaire, and southern Sudan) and the products which could then be made from
 
the crude petroleum impcrt. The appropriate modification should show a
 
return that is attractive tco the Government of Kenya from the points of
 
view of the demand for new capital to finance the modification, achieving a
 
beneficial impact on the forign exchange position, and of retaining the
 
profitability of the refinery encerprise.
 

Technical options for refinery modification are available. The principal 
is either to add hydrogen chemically during refining (intensive 
hydrocracking or hydrogenation) or to remove carbon chemically (intensive 
thermal cracking and delayed coking). For the latter, a market would be 
needed for the petroleum coke produced, the cement making industry, for 
example, if coke were used in place of residual fuel oil. The Bamburi 
cement factory neaa Mombasa is already converting to use imported coal in 
plce of residual fuel oil for its rotary kiln. A blend of processing 
between these two extreme options may be practical. Finally, in the choice 
of each option a degree of flexibility could be built in to take advantage 
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of significant differences in the world prices of petroleum because of
 
differences in specific gravities. In 1980, the existing processing units
 
at Mombasa accommodated a range of 28-41 degrees API, although blending of
 
crudes may have been practiced.
 

The Government of Kenya, is a 50% partner with Shell, BP, Caltex, and Esso,
 
each having an approximately equal share of 12 1/2%. The Government of
 
Kenya is interested in knowing the options available to it for the
 
modification of the refinery to make a better fit in the product mix and
 
improve the foreign exchange position. For each option, it is interested
 
in knowing the capital requirements arid potential profitability and such
 
economic factors (in addition to impact on its foreign exchange balance) as
 
the potential for generating new employment, and the requirements for
 
training its personnel. The Agency for International Develnpment, through
 
its Office of Energy, is providing technical assistance tc the Government
 
of Kenya, through its Ministry of Energy, to undertake the necessary
 
evaluation of options as a comparative study.
 

2.0 PURPOSE AND SCOPE
 

The basic purpose of the study is to provide the Government of Kenya with
 
an objective comparision of the technically feasible options available for
 
the modification of the refinery at Mombasa. The specific purposes of the
 
study are to produce data and information in the following categories:
 

- the identification, description, and quantification
 
of different practical techn6logical options for
 
revamping existing processing units and/or adding new
 
units, which utilizes the present or crude alternative, oil supply
 
patterns and enables refinery production to correspond
 
better to national and regional demands;
 

- for each option, from the results obtained, the
 
performance of a sensitivity analysis showing the
 
effects on the product mix and crude oil throughout
 
when a low gravity crude oil, conventionally
 
available, is used as feedstock;
 

- for each option considered, the identification,
 
description, and quantification of mechanical,
 
construction, off site, down time, space availability,
 
and other expansion and retrofit problems; and
 

- for each option considered, the performance of net present
 
value discounted cash flow financial and economic analyses
 
which will include estimates of the potential reduction of
 
petroleum imports, advice on flexibility in petroleum
 
purchases, capital requirements, staffing and training
 
needs, and net impact on foreign exchange.
 

Distinct options should be selected to cover the spectrum of 
technically-feasible possibilities. One option should provide no 
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modification, i.e., to continue present refinery processing capability
 
while incorporating alterations currently under study, as the base line
 
case. Initial results from this study should be available to the
 
contractor by early July 1982. Another option should provide for achieving
 
correspondence of refinery production to national demand as the maximum
 
judged practical from present-day refinery processing practices. A maximum
 
of four options (including the base line option) is foreseen. For any
 
option, the two existing atmospheric crude distillation units at the
 
refinery shall remain basically unchanged. The needed intermediate results
 
of current alteration studies to improve the product mix will be made
 
available by the refinery management to the Contractor.
 

Estimates of total costs for each modification shall be prepared only to
 
the depth needed for comparison of options. Preparation of definitive cost
 
estimates, such as those usually prepared for award of construction
 
contracts, shall be avoided. Cost estimates should be based on the
 
Contractor's observations of local conditions in the field, including the
 
design quality of the present installations, and on the use of generic cost
 
data from the Contractor's previous experiences. However, each cost
 
estimate should include a judgment as to those costs which must be incurred
 
in foreign exchange and to those which can be incurred in local funds.
 
Moreover, each cost estimate will be subjected to a peer review as noted in
 
Section 4.4 below.
 

The task of projecting the demand for petroleum products, on which the
 
identification of technically feasible options will be based, will be the
 
responsibility of the Contractor. However, the Contractor may expect that
 
the oil companies operating in Kenya will provide full cooperation with
 
respect to providing data for the appropriate steps in the demand'
 
projection methodology. In view of the critical feedback relationships
 
between demand projection and the identification of options, Government of
 
Kenya agencies began the work of projecting demands in late February 1982
 
under the leadership of an officer who will be the counterpart of the
 
Contractor's person having demand projection responsibility. The
 
intermediate product of the work will be turned over to the Contractor for
 
review and incorporation at the time he begins field work.
 

3.0 TASKS
 

The following tasks are foreseen as the minimum in order to achieve the
 
purposes of the work. The tasks described apply to each option identified,
 
except for the demand forecast which will be common to all options.
 
Contractor may expand these tasks, or add new ones as he deems necessary to
 
arrive at satisfactory results. 

3.1 Petroleum Product Demand Forecast
 

The internal demand in Kenya, and the likely export markets for petroleum

products shall be forecast through the year 1995. The forecast shall be
 
performed under two scenarios. One will foresee that existing pricing and
 
taxation policies will prevail throughout the period of forecast. The
 
other will foresee that pricing and taxation policies will change to
discourage certain product consumption and encourage others, such that the
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resulting product mix in the demand forecast would provide a closer match
 
with the product mix produced by the refinery under each modification
 
option identified as discussed below. Contractor shall provide advice as
 
to what the changes in pricing and taxation policies ought to be. The
 
efforts to accommodate the second scenario will require a close
 
collaboration with the efforts to identify the options as discussed below,
 
since feedback loops are likely which can affect the results of each
 
effort. For example, processing and operating conditions might be selected
 
in an option to minimize a need to change pricing and taxation policies,
 
while demand forecasted for a change in pricing and taxation might affect
 
the selection of the processes and operating conditions.
 

3.2 Option Identification and Quantification
 

Each option shall be identified through the preparation of process flow
 
diagrams which will include major equipment descriptions in the depth the
 
Contractor deems adequate to support his cost estimates. Each option shall
 
be quantified through the preparation of material and utility balances
 
corresponding to the flow diagrams. Summaries of the balance data shall be
 
prepared such as the product mix and the crude petroleum input are brought
 
out. Summaries, where appropriate, should show the net import and export
 
of petroleum products. New process units should be described as to
 
function, technological principles, and new operational techniques that may
 
be introduced
 

Upon identification, each option shall be subjected to a sensitivity
 
analysis to determine the effects on-the product mix and crude throughout
 
when a low gravity crude conventionally available for import is used as
 
feedstock to the crude units. Where appropriate, the Contractor may
 
consider changes in operating conditions within the processes selected for
 
the option, to minimize any adverse effects on product mix.
 

3.3 Implications for Option Implementation
 

The Contractor shall perform a preliminary analysis of each option over the
 
usual sequence of detailed design, plot plan requirements, equipment
 
procurement, erection, commissioning, and operation. The purposes of the
 
analyses shall be to identify and describe problems (such as downtime and
 
production loss) posed by the implementation and to enable him to prepare
 
the cost estimates for capital and for operation. If his analysis
 
identifies problems that appear impractical to solve, the contractor can
 
choose to modify the option to avoid such problems, or to discard the
 
option entirely. In the event of the latter, the reasons for a discard
 
decision shall be brought to the attention of the Government oi Kenya.
 

From the analyses, the Contractor shall estimate the personnel requirements
 
to operate the physical facilities based on implementation of each option,
 
and recommend the training that should be provided to Kenyan personnel.
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The Contractor shall prepare estimates of total capital costs for each
 
option, except the base line, which shall include costs of completed
 
installed facilities, process and non process. Estimates shall reflect the
 
costs associated with modifying an existing, operating refinery.
 

3.4 Impact on Petroleum Imports
 

The Contractor shall analyze the impact of each option on the net import of
 
petroleum, i.e., cost and quantity of petroleum that will be imported over
 
the same period covered by the demand forecast and the net back value of
 
the products exported during that same period. He shall perform a
 
sensitivity analysis based on the flexibility of each option, as quantified
 
from the work covered by the material balance results in Section 3.2 above,
 
to accommodate different gravities of imported crude petroleum.
 

3.5 Financial Analysis
 

Based on the inputs generated so far for each option, the Contractor shall
 
perform a profitability analysis covering the period over which the demand
 
forecast has been made. Profitability analyses shall be performed in the
 
following manner:
 

- the performance of a net present value discounted cash flow
 
financial analysis using market prices and actual costs for
 
feedstocks, products, operation, and other costs as
 
appropriate.
 

- the use of two discount rates selected such that one can be 
considered as at the low and of the prospective range and' 
the other as the high end. 

- the inclusion of the cash flow effects during the design
 
and constructon period.
 

3.6 Economic Impact
 

Based on the financial analysis and other inputs from the above work, the
 
Contractor shall perform an economic analysis of each option covering the
 
period over which the demand forecast has been made. Economic impact shall
 
be determined in the following manner:
 

- the performance of a net present value discounted
 
cash flow economic analysis applying shadow factors to
 
prices and costs, i.e., applying opportunity price/cost
 
relationships to feedstocks, products, operations, and
 
other costs, as appropriate,
 

- the use of the two discount rates already selected
 
for the financial analysis,
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- the net present value foreign exchange balance over the 
period covered by the discounted cash flow analysis, but
 
addressed to the importation of the portion of the
 
petroleum feedstocks applicable to the projected
 
consumption in Kenya.
 

- estimations of payrolls resulting from new employment
 

generation,
 

- assessments of potential satellite industry generation.
 

This impact analysis shall be performed based on inputs and principles

particular to the Kenyan economy. The results should be organized and
 
presented to provide a useful input to an ultimate choice of an option by
 
the Government of Kenya.
 

4.0 APPROACH
 

The Contractor shall be free to formulate the details and selection of
 
personnel for his approach to accomplishing his work. The following is
 
offered as overall guidance to help the Contractor to provide an approach

will be acceptable to the.Government of Kenya and to AID. This guidance

reflects the results of discussions already conducted (16-19 February 1982) 
among the owners of the refinery, the refinery management, and interested
 
agencies of the Government of Kenya.
 

4.1 Projection of Petroleum-Product-Demand
 

The methodology for projecting the demand for petroleum products should
 
involve four distinct consecutive steps of activities and is expected to 
involve specific contributions from the oil company partners in the
 
refinery ownership. Reviews will be performed and comments made upon
 
conclusion of each step and before beginning the next. The demand
 
projection resulting from the final step will be the basis upon which the
 
work to identify options for modifying the refinery will begin.
 

In step 1, the gross domestic product (GDP) for the Kenyan economy will be
 
projecfed from 1983 through to 1995. A consensus already exists with
 
respect to expected demand for petroleum products in 1983. The Contractor
 
may find that a similar projection will be required for the Ugandan economy.
 

In step 2, the GDP projection will become a basis whereby, from experience
and careful judgment, the group of oil company partners are expected to 
project demands for all products over the projection period. The basis 
will be assumptions (a)that technological changes which are planned with 
certainty to come on stream in the short term will be taken into account 
(however no postualted technological changes will be considered in this 
step) and (b) pricing and taxation policies remain unchanged. 

In step 3, the Contractor will investigate the prospective technological

changes and the schedules for their Implementations arising out of short
 
term and long term Government of Kenya planning activities. Examples of 
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such changes are (a)growth of geothermal electricity generation and
 
phasing out present Mombasa thermal generation, (b)acceptance by the
 
Kenyan cement industry and domestic consumers of a petroleum coke fuel, (c)

the introduction of power alcohol, (d)electrification of the Kenyan

railways, (d)intensified utilization of bio energy resources, and (e) 
electrification of irrigation water-pumping.
 

In step 4, the oil company partners will revise the product demand
 
projections (a)to accommodate the phasing in of technological changes and
 
(b)to allow for the non-partners' (Total, AGIP, and Mobil) markets.
 

The Contractor will be responsible for participating, integrating, and
 
coordinating the activities such that he can produce a fully documented
 
projection of petroleum product demand to provide the basis for identifying

viable options for modifying the Mombasa refinery.
 

4.2 Government of Kenya Preparation
 

Current activities of Government of Kenya agencies to support the
 
projection of petroleum-product demand began in late February 1982 and are
 
directed toward the collection and correlation of relevant data and
 
information needed in projecting gross domestic product. Current results
 
will be transferred to the Contractor at the time he begins his work, for
 
review, comment, and acceptance.
 

4.3 Identification of Base-Line Option
 

As part of its responsibilities, the refinery management is currently

studying alterations, involving nominal capital investment, for directing

attention of the EAOR Board to short-term opportunities to improve the
 
match between refinery output and market demand. The presentation is
 
planned for December 1982, and is expected to involve (a)nominal changes
 
to the crude unit in complex I to improve gas oil output, (b)a review of
 
hydrogen availability from the platforming units (as a result of recent
 
cutbacks in gasoline production and lowering of octane number requirement)
 
to use this availability most effectively in the upgrading of gas oils (to

increase diesel oil production) in the existing hydrotreater units. The
 
base line option should reflect these changes. Relevant materials and
 
energy balance results will be made available to the Contractor to enable
 
him to characterize the base line option.
 

4.4 Preparation of Cost Estimates
 

The primary rationale for the method of establishing the capital cost
 
estimates is to be the establishment of (a)comparability among the results
 
for each modification option and (b)a level of accuracy such that the
 
ultimate client, the Government of Kenya, can make the selection from the
 
options which actually is in its best interest. The following approach is
 
considered responsive to providing the comparability and level of accuracy
 
desi red.
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4.4 1. For each option, the basic input is to be the material and
 
energy balances, the bdsic equipment design or selections, and the
 
incremental offsite requirements to support the processing units
 
involved in the option. 

4.4 2. The Contractor's key person responsible for the preparation
 
of the capital cost estimates will visit the site to satisfy himself
 
that he has adequate knowledge of local conditions can adjust generic
 
cost data accordingly, and appreciates the quality level required in
 
the plant design.
 

4.4 3. For each option, the Contractor will prepare process flow
 
diagrams, preliminary plot arrangements, and descriptions for the
 
major equipment to the extent he deems necessary, to enable him to
 
estimate costs for the non-equipment categories (piping, instruments
 
and controls, foundations, structures, electrical installations,

insulation, etc.) 

4.4 4. Manufacturer's views will be solicited as far as practical
 
for all major equipment categories to assist in compiling the total
 
cost. Remaining costs will be estimated generically by category.
 

4.4 5 Capital costs will be compiled and presented in tabular form
 
such that the detail indicated above is retained.
 

4.4 6. The Contractor's report shall describe, discuss, and justify
 
the cost estimating metliod usea to the extent that creditability of
 
the results can be supported to the ultimate client.
 

4.4 7. The Contractor's key personnel will participate in a peer

review of the information, data, and procedures for the capital cost 
estimates to confirm their suitability for use as the support and as
 
a basic input for evaluation of the options for refinery
 
modificatior. The peer review will be organized and chaired by an
 
official of the Office of Energy of AID/Washington.
 

4.4 8 The capital cost estimations and their development will be 
retained as a distinct product and submitted in a separate section of 
the final report, for use as the support and as a basic input for 
evaluation of the options for refinery modification.
 

4.5 Counterpart Relationships
 

The Contractor will include counterparts from the Government of Kenya as
 
part of his project team. He will involve them tu the extent practical
 
consistent with the experiences and famili;rity of the counterparts with
 
the technical details of the work. The objective of the involvement of
 
counterparts is to transfer to the Government of Kenya side an
 
understanding of the rationale with which the intermediate results were
 
developed by the Contractor and a familiarity with the details of arriving
 
at the final results. The end effect desired is to retain the momentum
 
generated by the Contractor's activities upon completion of his work-and,
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thereby, assist the Government of Kenya in reaching its final decision
 
regarding modification of the 4ombasa refinery and providing guidance
 
thereafter. The participation of the leader of the counteroart team in the
 
capital-cost estimates peer review appears desirable.
 

The counterpart services will be provided to the Contractor free of charge,
 
except that, when appropriate, the Contractor will be required to pay the
 
cost of travel to the U.S. from the closest location travelled by Kenya
 
Airlines, and to pay the per diem expanses allowed while the counterparts
 
are working in the United States. The Contractor should assume that he
 
will have the services of one counterpart for each key person on his team.
 

4.6 Format of Results 

The Contractor shall compile the results of his work in a format in which
 
each option is separately and distinctly treated and presented, and in
 
which the data and information presented are organized in a parallel
 
fashion to enable comparison among options. Appropriate documentation and
 
rationale for critical assumptions shall be clearly indicated and
 
preserted. The formulation of conclusions and recommendations relevant to
 
comparisons of options shall be avoided.
 

5.0 LIAISON
 

The Contractor shall provide the participation of his personnel for liaison
 
purposes at least as follows:
 

Washington, D.C. A one-day predeparture briefing session shich will
 
involve AID and World Bank officials. The purposes will be the transfer of
 
all available details on the technical background of the project, (b) to
 
answer questions the Contractor's personnel may have, and (c)to co.ment
 
upon the work plan the Contractor expects to follow.
 

The Hague, Netherlands. A briefing session, and visit to SIPM (Shell
 
International), to c ect relevant data and to exchange views. This will
 
be part of the option study. The Contractor can develop further details
 
directly with Kenya Shell Ltd., Arthur W. Reed, Chairman.
 

Nairobi, Kenya. A briefing session to be organized by the Government of
 
Kenya counterparts upon the arival of the Contractor's personnel. The
 
purposes will be (a)introductions and acquaintance, (b)interchange of
 
ideas, (c)concurrence on activities, and (d)other relevant items.
 

Nairobi, Kenya. A progress review to be organized and conducted by the
 
project team at the time when major activities transfer to a U.S.
 
location. The purposes will be (a)to present progress and (b)to discuss
 
and comment on the plan to complete the work activities.
 

San Francisco, California. The presumed location for the peer review of
 
the Contractor's cost estimates.
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Nairobi, Kenya. Upon completion of the work, an oral presentation of the
 
findings. This meeting will be organized and conducted by Government of
 
Kenya officials. 

6.0 REPORTS
 

The Contractor shall prepare a work plan related to the required completion
 
schedule for presentation and review at the Washington and Nairobi briefing
 
sessions. The final report will be issued as a joint effort of the project
 
team (Contractor's personnel and counterparts) to the Government of Kenya
 
Ministry of Energy, to USAID/Nairobi, and to AID in Washington.
 

The project team shall submit its final report first in draft form, in
 
conjunction with the oral presentation of its results to the Government of
 
Kenya in Nairobi. Upon receipt of comments, the team shall prepare and
 
submit the final version.
 

7.0 SCHEDULE
 

The oral presentation accompanied by the draft report should be presented
 
in Nairobi during the week of 1 November 1982. The Contractor shall submit
 
the final report, incorporating the results of the oral presentation
(presuming availability of those results during the presentation), within 
four weeks thereafter.
 

Immediately upon release to proceed with work activities the Contractor
 
shall prepare the work plan which will demonstrate the schedule details
 
that assure the completion dates will be achieved. For this purpose, the
 
Contractor should be aware of the following:
 

- GOK preparation work, section 4.2 above, is expected to be
 
completed during the week of 17 May 1982.
 

- GOK will expedite the availabil-ity by early July 1982 of the SIPM
 
baseline study, Section 4.3 above.
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