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EXECUTIVE SUMMARY

Refining processes basically require different forms of energy, mostly
heat, for the vaporization and conversion of crude oil or feedstocks into
elemental constituents or finished products. Hence refinery operations are
energy intensive by nature. 1In a refinery, generally 60% of the total energy
consumed 1is for direct-process heat, 25% for steam generation and 15% for

electricity generation. It has also been estimated that 30% of the energy
needs of the refinery could be saved by present-day technology and
procedures. The basic aim of this report 1is to identify and evaluate

technically and economically viable schemes and projects for energy
optimization and conservation in refineries and to apply such schemes in two
refineries selected within the ESCWA area.

This technical report contains seven chapters.

Chapter 1 outlines the basic conceptual approaches to energy conserva-
tion. Sources of energy consumption in the refinery are identified, energy
conservation schemes are suggested with calculations of energy savings and
then the investment required for such schemes 1is estimated and their
feasibility is evaluated.

Chapter 1I deals with basic data, information and assumptions used in
this report, with emphasis on costs and economic evaluation.

Chapter I1I identifies major processes in the refinery which are energy
consumers, such as distillation units, fluid catalytic cracking units and
catalytic reforming units. Some ideas about the composition of petroleum and
refinery products were also included.

Chapter IV details the major utility units in refineries that handle fuel
and energy, whether for consumption, supply, heat exchange or conservation
purposes.

Some particular importance was given to air preheaters and waste-heat
boilers as they constitute the obvious choice for energy conservation.

Chapter V reviews present and existing policies and plans of energy
conservation as practiced by major oil companies in their refineries. The
significance of these plans that is, they look at conservation in totality and
as an integrated plan both inside and outside refinery boundary. Some future
schemes of conservation are also outlined.

Chapters VI and VII relate to the two refineries selected for energy
conservation schemes, namely the Zarqa refinery in Jordan and the Aden
refinery in Yemen. The sections include a brief description of each refinery:

(a) The major processing units;

(b) Identification of schemes and the annual saving in fuel and the
value of such saving;
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(c) Estimation of investment cost for the schemes;

(d) Economic analysis of the schemes including payout time and rate of
return on investment;

(e) Conclusions and recommendations.

A summary of the results of economic evaluation of the schemes suggested
for refineries is shown in table 1.

Of the six schemes suggested for the Zarqa refinery, four are clearly
feasible since the payout time for such projects varies from three to five
years; the other two are marginal by virtue of their low capacity. However,
if the six schemes are taken together, then they (all combined) become
viable. The schemes suggested are of a major nature since they allow the
recovery of a considerable amount of heat from fired heaters which are the
major source of energy consumption. Some other schemes have already been
implemented in the refinery, such as insulation of fuel o0il tanks and the
rearrangement of the heat exchange train for better heat recovery from hot
product streams.

The schemes identified for the Aden refinery are all viable, theoretically
at least, except for the insulation of tanks which shows a long payout time.
In practice, however, this is reduced drastically by the use of local
insulating material and constrictions. However, the problem with conservation
schemes for the Aden refinery is somewhat fictitious, since the schemes cannot

be implemented on their own. The refinery is quite old, and most of the
process units for improving the quality of products are technically and
economically obsolete. The refinery is undergoing major renovation plans,

although they are still not implemented practically, but the conditions of the
refinery warrant their implementation sooner or later and one would expect
that the scheme suggested for energy saving would be incorporated into the
renovation plan.
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INTRODUCTION

An o0il refinery is a complex plant through which crude oil is processed
to produce a wide range of petroleum products to meet the needs of various
sectors of fuel consumers, according to specifications.

The basic concept of refining requires the heating and vaporizing of
crude o0il into its elemental constituents, hence the energy intensive nature
of o0il refining. Besides heating and vaporizing, energy 1is consumed in
refineries as rotational power for pumps and compressors and as chemical
energy for different reactions.

One of the significant items of the yieldl/ of an oil refinery for a
specific crude-oil (or combination of crude) feed, is the fuel and loss (F&L),
which is a measure of the amount of fuel used in different processes or units
of the refinery for direct fire heating or for steam generation. The F&L
percentage of yield varies in modern refineries from 3-7% depending on the
complexity of the refinery and the energy conservation measures in the
refinery.

The refineries built in the 1980s are intrinsically energy-efficient
since they were built in times of high energy costs, while plants designed and
built when energy prices were low were forced either to shut down or to
practise energy conservation through incremental modifications, which resulted
in overall significant economic savings.

This study is a technical report about the measures and schemes available
for optimizing energy utilization in refineries. The aim of the study is to
identify economically feasible measures and the technical background necessary
regarding the subject of energy conservation in refineries.

The study is not an energy audit of refineries, and hence any conclusions
and recommendations are based mainly on generally recognized concepts,
international experiences as documented in energy and refinery literature and
technical background on the subject of energy and refinery literature.

The findings of this report have been applied to two refineries within
the ESCWA countries, namely the Zarqa refinery in Jordan and the Aden refinery
in Yemen, where many schemes have been identified and analysed economically.

The following factors were taken into consideration in selecting the two
refineries for this study with regard to energy optimization and conservation:

(a) Both refineries were built during the era of cheap and readily
available sources of energy. The Aden refinery was built during the early
1950s, primarily to supply bunker fuel to ships and tankers passing through
Aden Port. The Zarqa refinery was built to meet local demand for petroleum
products;

1/ Yield 1is defined as the percentage (in weight or volume) of
different products which one unit of crude oil will produce in a refinery.
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(b) The two refineries have different complexities and conversion
capabilities. The Aden refinery 1is basically a simple topping-reforming
plant. It has a vacuum unit but not any form of conversion. Most of the
units and processes are of the old type, and some have become technically and
economically obsolete.

The Zarqa refinery is a more advanced refinery than Aden's. Besides
having vacuum distillation units, it also includes two conversion units: a
fluid catalytic cracking unit (FCCU) and a unibone hydrocracker, for the
conversion of heavy distillates into lighter products. However, it has no
conversion units for residues;

(¢) The Zarqa refinery is basically a domestic refinery whose design
capacity is much higher than its current throughput.

The Aden refinery is currently operating of 50% of its designed capacity.

Both refineries have excess un-utilized capacity which could be employed
for additional products such as processing contracts or for processing
finished products for export.

The Aden refinery uses half of its current capacity for processing
contracts. However, this cannot continue indefinitely because of the higher
operational (maintenance and repairs) costs of the refinery due to old age as
well as inferior product quality in the international market;

(d) Hence both refineries are perfect candidates, theoretically at
least, for upgrading projects (which is outside the scope of this study), as
well as projects to introduce economic savings, to make them ‘both more
operationally attractive.

The main venue of economic savings is in energy conservation and
optimization, which is the aim of this report.
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I. METHODOLOGY AND CONCEPTS

A. Energy conservation

Energy conservation is best achieved by aggregating sequential and
interacting activities in space and time so that energy systems may supply
requirements in a continuous manner in small steps from the highest
temperature level to the lowest heat sink. Disaggregation tends to force
large temperature changes and results in energy waste.

The greatest possibilities for more efficient energy use in refineries
lie in careful management of process heat and direct fuel consumption.

B. Basic energy principles

Principles of energy recovery are governed by the second 1law of
thermodynamics, which states that only a fraction of heat at a certain
temperature can be converted into work, and that the remainder must be
dissipated at ambient temperature as waste heat. Heat has specific value,
closely related to the temperature level. The higher the temperature, the
higher the efficiency of heat recovery. Hence it pays more to recover heat at
a higher temperature (figure 1).

Thus recovery by sequential use of energy is important. As many steps as
possible should be used in heat recovery, with each step declining gradually
in temperature. Furthermore, integration of materials and energy flows in
processes follows. Recovered energy should be wused to preheat material
streams, to generate steam for driving processes.

Low-level energy should be used to create low-level heat with high-level
heat energy reserved to create work or high-level heat. Consequently,
hydrocarbons and natural gas, which are high-value products, are too precious
to be burned directly. They can be better used to make high-value goods.2/

C. Heat recovery

Recovery of heat 1is governed by the amount of heat available and its
temperature level. For the highest efficiency of recovery, this should be
done at the highest temperature. However, a practical balance has to be
struck between maximum heat recovery at a suitable temperature and the
economics of such recovery.

For heat recovery, exchangers are used across the entire range of
temperature.g/ In the high region (500-1,000°C), exchangers can be
employed for preheating cracking and reformer furnace streams. In the medium
temperature range (300-500°C), preheating reactor feed, air for reaction
purposes can be used, whilst the lowest level (<300°C) exchangers can be
used for preheating distillation column, steam generation, etc. (figure 2).

2/ G. Goossen, "Thermodynamics laws point way to applications for
energy recovery', Energy Management Handbook, p. 3.

3/  Ibid.
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Spiralling energy costs result in greater interest in low-level heat
recovery with the emphasis on:

(a) Lowering furnace stack temperature on process furnaces and boilers
by installing preheaters;

(b) Improving combustion in furnaces and boilers through instrumentation
and control;

(¢) Recovery of low-level heat in effluent streams;
(d) Insulation of tanks, lines, etc.;
(e) Generation of low or medium process stream.

D. Energy integration

At many locations, refineries are located along chemical plants and/or
power generation. The energy-use patterns for these processes differ
markedly. In refining, energy requirements are mainly for process, where
direct fired oil and gas heaters transfer energy at temperatures ranging from
300-500°C, while in chemical plants, the temperature requirements are in the
range of 150-300°C. Hence in such situations, there are greater
opportunities for energy integration (figure 3).4/

E. Identification of energy consumption centres in a refinery

It is estimated that there are 50 to 60 ways to improve energy
conservation in a refinery plant.§/ Many of these are marginal measures
which are closely related to the daily running of the refinery such as proper
maintenance, supervision and control. However, for significant energy
savings, the major sources of consumption must be identified and investigated
for economically viable measures.

The following general formula will be followed in this report:

¥ sources of energy consumption - I energy-saving measures = I energy saving

1. Sources of energy consumption and losses

It was computed that aggressive energy conservation programmes can reduce
energy usage in the amount of 30% for petroleum refineries; the main savings
are in the following sources of major energy-consumption units of the

refinery:é/

4/ E. M. Mergens, "How Shell 0il conserves energy", Energy Management
Handbook, p. 12.

5/ H. Duckham and J. Fleming, "Energy conservation in HP1 plants",
Energy Management Handbook, p. 35.

6/ W. Heenan and C. Dalton, "Set burner air by stack analysis", Energy
Management Handbook, p. 78.
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Figure 3. Refinery/chemical energy consumption--process heat,
steam generation and purchased electricity
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Source: E.M. Mergens, "How Shell 0il conserves energy"”, Energy

Management Handbook.

Direct-fired heaters (furnaces)

Direct heaters are main sources of energy consumption in the refinery.
It has been calculated that on average, 70-80% of the energy used in a
refinery is consumed in direct-fired heaters.- The furnace efficiency of
the cheap-energy period is low, and most of the energy goes up the stack,
wasted. The temperature of the flue gases going up the stack were around
300-4000C. Modern stack temperatures are around 150°C depending on the
composition of the flue gas, its dew point and the percentage of excess air.
This difference of temperature accounts for the major energy savings in a

refinery.

The furnaces of crude distillation units (CDU) and vacuum distillation
units (VDU) are the main sources of energy savings by virtue of their large
feed capacity, while other units such as fluid catalytic cracking units (FCCU)
and naphtha reforming units could supply additional energy savings.

1/ Duckham and Fleming, op. cit.
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2. Heat recovery from hot product streams

Another source of energy savings are the hot product streams leaving
different process units in the refinery, especially the primary distillation
units. Optimization of heat train design through different configurations has
been developed using sophisticated computer modelling.ﬁ/ This has played a
significant role in energy optimization of the refinery.

The energy saved from hot streams is used for preheating feed input into
furnaces or for generation of steam for medium- and low-pressure utilization

in the refinery.

3. Heat losses through un-insulated areas

Most areas in the refinery where there is possible loss of energy to the
atmosphere can be remedied through proper insulation. However, there are
still areas where appreciable surfaces are exposed or where insulation is not
efficient enough to prevent the loss.

F. Energy-saving measures

The main energy-saving schemes in a refinery can be classified as follows:

1. Combustion air preheating

Fuel consumption in process heaters can be reduced by up to 25% by the
installation of air preheat systems. Although air preheaters have been
routinely used in steam-generating plants to increase the efficiency of
furnaces, they have only recently been adapted to process furnaces. Their use
increases furnace efficiency by recovering waste heat from stack gas to heat
combustion air. It is estimated that about 1% of fuel is saved for every
18-20°C reduction of fuel gas temperature.?’/

Fuel savings is not the only advantage:

(a) With preheated air, there is less coking of the burner tips, which
minimizes the necessity to clean the burners;

(b) With forced draught preheated air, there is a more controlled flame
pattern;

(¢) There is more complete combustion;

(d) There is even distribution of heat to process charge.

8/ J. F. Frith, B.M. Bergens and M.M. Shreehan, "Optimization heat
train design', Energy Management Handbook, p. 109.

9/ C.L. Brown and D. Figensder, "Preheat process combustion air",
Energy Management Handbook, p. 76.




8-

2. Waste-heat boilers

Waste-heat boilers are commonly used whenever high- or medium-level waste-
heat energy is available in the refinery or whenever operational obstruction
prohibits the installation of air preheaters. Sometimes a combination of
waste-heat boilers and air preheaters are used for sequential heat recovery
when initial temperature allows (figure 4).

Figure 4. The Felmont Oil Co. ammonia reformer heater

—_— —
2100°F
=i _ ®

=

REFORMER
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Source: Felmont 0il Co.

Usually medium-pressure super-heated steam is generated with waste-heat
boilers (260°C and 21 kilograms of pressure).

A typical use of waste-heat boilers in a refinery is heat recovery from
the flue gas of FCCU regeneration units. The flue gas from the regenerators
leaves at about 800°C together with an appreciable amount of unburnt CO
gases. It is common practice to recover the heat in this stream by means of a
CO boiler.

3. Heat recovery of hot streams by heat exchangers to
generate intermediate- and low-pressure steam

Optimization of heat exchange between hot product streams and cold feed
streams could save appreciable amounts of energy. The heat recovered could
either be used to heat feed streams to furnaces or to generate intermediate-
and low-pressure steams for various uses in the refinery.
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4. Prevention of heat loss by insulation

Insulation of various areas of refineries such as piping, vessels and
tanks is common practice to prevent heat loss into the atmosphere. However,
there are major items which are left uninsulated such as fuel oil tanks where
heating is necessary to maintain pumpability because of the pour point of the
product. Significant savings can be achieved by proper selection of
insulation material.

G. Optimization of energy savings

The methodology of selection of energy-savings schemes for a refinery to
be followed in this report is as follows:

(a) 1Identification of major centres of energy consumption in the
refinery in terms of tons of fuel oil equivalent or heat units;

(b) Economic and technical choice of the schemes to be adapted for
energy savings. For an economically viable project, payout time should be
less than five years;

(c) Energy savings is computed as the difference between present energy
requirement and that of the energy-savings scheme.
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II. BASIC DATA, PARAMETERS AND ASSUMPTIONS

A. Fuel 0il equivalent

1. All energy savings are expressed in FOEB, which is defined as a 42 US
gallon barrel having a volume of 0.159 m3 and a gross heating value of 6 MM
Btu. This is equivalent in metric units of 10.1 MM kcal/ton of fuel oil
(NLHV) .

Note: The difference between the "net" and "gross" heat value of a fuel
is in the latent heat of condensation of the water vapour produced during
combustion of the fuel. For fuel oil the net heat value is 5% less than the
gross value (see chapter IV, note 10).

2. In this report, energy will be reported in tons of fuel oil equivalent
per year (Tely) or in millions of kilocalories per hour (MM kcal/hr).

3. For electric power production: 0.350 Te of fuel oil per MW hr or 2.78
Te/yr produces 1 kWh for one year.lg/

4. For additional energy conversion data, OPEC's Conversion Factor Book
(Vienna, 1989) was used.

B. Units and conversion factors

Metric units have been wused to the greatest extent possible
throughout this report. Most references on energy and fuels originated in the
United States of America (USA), and the units used in the oil industry are
usually English units; these units have been converted to metric wunits
whenever they are used in this report. No attempt was made to change the
English units appearing in figures taken from the numerous references used in
this report.

The conversion factors used in this report are those published in OPEC's
Conversion Factor Book (Vienna, 1989).

C. Currency

The currency used in this report is the United States dollar.

D. Prices of fuel oil

The price of fuel oil used in conversion of energy, 1is taken as
$US 85/ton, which was the average figure for this fuel in the Mediterranean
area at the beginning of 1993.11/

10/ Bechtel Co., "Report on energy conservation study in industry in
Jordan", 1986.

11/ OPEC Bulletin, March 1993.
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E. Utilization
The refinery process and other units are assumed to operate 330 days per

year.
F. Costs and capacities of units and equipment

The formula used for the relationship of costs and capacities is as
follows:12/

Cost (a) = (capacity (a) 0.6
Cost (b) capacity (b)

and the yearly inflation for prices of equipment is 5%.

G. Operation capacity of process and other units

Economic analysis and energy-savings calculations are computed assuming
certain design capacities of the units. Current throughputs have not been
considered since it is assumed that any project to be undertaken, would be
implemented on the basis of the design capacity of the units and not on the

current capacity. For both the Zarqa and Aden refineries, the current
capacities are about 50% of design capacities, especially for the main
distillation units. However, only operational units will be considered for

energy-saving schemes.

H. Sources of data and information

General data and information on energy conservation in refineries are
available worldwide in the references listed in the Bibliography. Specific
data on the Zarqa and Aden refineries, however, are scant except in '"Waste
heat recovery in Jordan Petroleum refinery".li/ Most of the data quoted in
this report pertaining to the Zarqa and Aden refineries were obtained through
private communications and discussions.

I. Economic evaluation of conservation schemes

The economic parameters used for the economic evaluation of different
schemes are as follows:

(a) Depreciation rate is 10% (straight line);

(b) Cost of labor/man/year is $3,600;

(c) Overhead charges as a percentage of labour cost are 100%;
(d) Loan/equity ratio is 80-20;

(e) Loan payment period is eight years;

(f) Interest rate is 13%;

(g) Taxes are 0%;

(h) Insurance is 1% of capital;

(i) Maintenance is 5% of capital.

Discounted internal rates of returns on the different schemes are
estimated from figure 5.

12/ W.L. Nelson, Petroleum Refinery Engineering, p. 879.

13/ R. Aburas, S. Lloyd and M. Webster, November 1988.
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III. MAJOR ENERGY-USING PROCESSES IN A TYPICAL REFINERY

Table 2 indicates typical refinery energy requirements in terms of direct
fired fuel, steam and electricity per unit (m3) of charged crude or stock.
Since the refineries selected in this report are Dbasically of the
topping-reforming type (with some distillate conversion for the Zarqa
refinery), only a few processes will be discussed here, namely: crude
distillation, fluid catalytic cracking and catalytic reforming.

The energy consumed in a refinery is basically for the purpose of
vaporization and distillation of crude o0il into separate fractions according
to their boiling points. It is consumed as well for the conversion of some of
these fractions into useful products according to acceptable standards; these
are always changing in the direction of superior quality to satisfy
performance and environmental regulations and standards. It is therefore
prudent to discuss briefly the composition of crude o0il and its products.

A. Composition of petroleum

Most of the compounds found in petroleum are compounds, composed of
hydrogen and carbon or hydrocarbons. Other compounds containing small amounts
of sulphur, oxygen and nitrogen are also present. The physical operations of
refining such as vaporization, fractionation and condensation are governed
largely by the properties of the hydrocarbons because they constitute the bulk
of petroleum. But the chemical operations such as treating and filtration as
well as severe conversion operations such as hydrotreating and hydrocracking
are governed by the presence of sulphur, oxygen and nitrogen compounds.
Several parts per million of metallorganic compounds containing iron, nickel,
vanadium, arsenic, etc., are also present in some petroleums. These metals
have contrariant effects on the catalysts in catalytic operations.

Many series of hydrocarbons are present in crude petroleum and still
others are produced by cracking and hydrogenation. Among the series that have
been identified are those having the formula types CnHon+2» CnHon,

CnHon-2, CnHon-4, CnH2n-6» CpH2_g, CnH2n-10 CnHon-14
and CnHzn_zo .

Paraffin series (formula CpHyp42)

This is the most stable of the hydrocarbon series. The lower members of
the series have been identified in most crude petroleum while the higher
members are probably present in most crudes.

Olefin series (formula ChHop)

These hydrocarbons are composed of unsaturated hydrocarbons whose members
are capable of uniting directly with other materials such as chlorine, bromine
and sulphur acid without displacing a hydrogen atom. The lower members of the
olefin series are probably not present in crude petroleum but are produced in
cracking processes.

Naphthene series (formula ChHop)

These have the same type formula as the olefin series but with greatly
different properties. The naphthenes are ring or cyclic compounds, whereas
the olefins are straight chain compounds in which a double bond connects two
carbon atoms. The naphthenes are saturated compounds.
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Table 2. Typical energy requirements in different processes in the
in the modern refinery in terms of different utilities output

Energy consumption per n3 charged

Process Steam Direct—-fired heaters Electricity
(ton) (kcal) (kWh)
Crude distillation 0.0713 2.371 0.7
Vacuum distillation 0.114 2.2464 0.5
Thermal cracking 0.2 17.472 3.3
Visbreaking 0.0856 7.2384 1.2
Delayed coking 0.1084 11.6064 1.8
Fluid catalytic cracking 0.0143 10.9824 1.8
Catalytic reforming 0.0143 4
Hydrocracking 0.3619 10
Naphtha hydrotreating 0.0314 2.246 1
Gas oil hydrotreating 0.0571 2.496 1.5
C4 alkylation 1.2126 14.976 4
Butane isomerization 0.1854 1.5
C5/C6 isomerization 4.4928 2.4
Propylene polymerization 0.8873 2.6
Butylene polymerization 0.7703 2.3
Hydrogen production 6.864 0.4
Source: B.G. Tunnah and E. Applebaum, "Use of fuel cells in refinery",

EMH, p. 217.

Aromatic series (formula CpHo,_g) or the benzene series

only a few petroleums contain more than a trace of the low-boiling
aromatics such as benzene and toluene. However, this series 1is found in
catalytically reformed gasolines and they are prized for their high octane
number.

Isomeric compounds

Isomeric compounds have the same molecular formula but different
structures. Compounds of the formula type C,H,, may be either saturated or
unsaturated. The formulas of the saturated compound cyclohexane and the
unsaturated hexene (normal) can be compared in figure 6 (b) and (c¢). Likewise
the formulas of normal hexane, 2-methylpentane and 2-2-dimethylbutane all have
the formula CpHyn4o or CgHyys these are shown in figure 6 (a) and (f).

The number of isomeric hydrocarbons increases rapidly as the number of
carbon atoms increase. The number of possible isomers of the series

CnHonso is:

C-atoms Isomers C-atoms Isomers
6 5 15 4347
7 9 18 60523
8 18 25 - 36797588
9 35 40 62491178805831
12 335
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Isomeric compounds

Figure 6.
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B. Refinery productsl/

There are numerous types of crude oils in the world with widely differing
physical and chemical properties; hence there are different processing
methods, not only to refine the different types of crude but also to produce
the various types of products with definite specifications.

Refining operations are like any other operations, and can be considered
as as economic problem. This is even more true of refining operations; the
following factors must be taken into consideration:

(a) The type (value) of the crude and its accessibility;

(b) The value of the products and their marketability;

(¢) The yield of products from the crude;

(d) The cost of processing the crude and what percentage of cost is
allocated to energy consumption;

(e) Environmental and other legislations.

It is because of the above considerations and factors that so many
processes are available.

The following list of refinery products helps one appreciate the reasons
that there are so many different refining processes:

(a) Natural and refinery gas: household and industrial fuels;
(b) Liquefied petroleum gas (LPG): household fuels;
(¢) Gasoline-fuel for internal-combustion engines;

(d) Naphtha and benzene: solvents, thinners and stocks for conversion
to other fuels or for blending motor fuels;

(e) Jet fuel: fuel for jet engines;

(f) Kerosene: oil for household appliances;

(g) Diesel fuel (gas oil): fuels for industrial furnaces and engines;
(h) Lubricants and grease: lubrication for many purposes;

(i) Paraffin wax: food, cosmetics, pharmaceuticals, electrical and
other applications;

(j) Fuel oil: industrial and marine fuel;
(k) Asphalt: roads, coatings;

(1) Coke: solid industrial fuel.

1/ Petroleum Processing Handbook, section 1 and Petroleum Product
Handbook.
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Figure 7 shows the relationship among raw stocks, intermediate products
and finished products.

Figure 8 contains check-lists of commercial products and their sources.

C. General processingg/

The most important method of separating petroleum products 1is by
distillation. This implies that products are compared on the basis of their
boiling points. The graph in figure 9 is a good example of the relationship
between the boiling ranges of different products and their yield (percentage
distilled) for a typical crude but with two different processes, a simple
topping operation and a more complex lubricating oil process.

There are two important requirements which the great majority of
petroleum products must meet:

(a) The boiling range, or the distillation temperature, controls the
volatility of fuels and solvents to ensure their satisfactory performance. It
also determines the temperature at which the product can be handled;

The following table indicates the boiling range of selected products:

Product Boiling range (0°C)
LPG -44 to +2.0
Aviation gasoline 32 to 150

Motor gasoline 32 to 210

Jet fuel 38 to 286

Naphtha 150 to 204
Kerosene ' 176 to 286

Gas oil 204 to 400
Residual fuel oil 400+

The boiling range of most products overlaps:

(b) The viscosity, which indicates the ability of lubrication for heavy
oil fraction, is the only requirement for heavy o0il fraction since boiling
ranges cannot be specified for such heavy fraction because they cannot be
distilled at atmospheric pressure without decomposing.

The following general types of processes are fairly well defined:

Topping or skimming processing: By simple atmospheric-pressure
distillation, the crude is separated into gasoline, kerosene, fuel oil or
reduced crude oil and sometimes reformer charge stock, jet fuel or gas oil.
Topping in some form must be found in all types of refineries [fig 10(a)].

Cracking processing: This type usually refers to a combined operation of
topping and cracking where the gas oil is catalytically cracked, resulting in
a smaller yield of residual fuel o0il and a higher yield of gasoline and
lighter, more valuable products [figure 10 (b)].

2/ Petroleum Processing Handbook, W.L. Nelson, Petroleum Refinery
Engineering.
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Lubricating oil processing: Topping with the manufacture of lubricants
from the residue of the crude oil is implied by this classification [figure 10
(c) and figure 11].

Complete processing: Most large-type refineries, or what are termed
complex refineries, practice topping, viscosity breaking (thermal cracking),
catalytic cracking, catalytic reforming and other conversion operations in
addition to lubricant production and sometimes petrochemical production. This
is enormously complicated; complete processing cannot be shown on a single
diagram.

D. Crude distillation units3/

The function of the crude distillation units is to separate the crude oil
into light fractions and residue (reduced crude). This process 1is called
fractional distillation. Crude is heated first by heat exchangers with hot
streams of products and finally by a fired heater. Hot crude now partially
vaporized enters the main fractionating column at the flash zone. The vapour,
containing lighter hydrocarbons, rises towards the top of the column. Liquid
flows down to the bottom of the column. The fractionating column contains a
series of trays with which the rising vapour is brought into ultimate contact,
with the 1liquid flowing downwards. Vapour rising from the flash zone 1is
cooled by the liquid flowing down the column, so that fractions are condensed
to form the light products of the process. To bring about condensation, heat
must be removed from the rising vapour. Heat removed is carried out
continually by pump recirculation where 1liquid is withdrawn from the column
and pumped back to it after being cooled by heat exchange with the crude feed
stream. Vapour flowing from the top of the column is condensed in an external
condenser. Part of the condensate liquid is the naphtha fraction while the
remainder is returned to the top of the column as a reflex.

Other 1liquid fractions formed by successive condensation in the main
column from the top downwards and withdrawn at usually three points are
kerosene, light gas oil and heavy gas oil. Steam is used to strip light
hydrocarbons from the side streams.

The liquid product from the bottom of the column is reduced crude, which
could be used for fuel oil blending or as a feed for the vacuum distillation
process.

Figures 12 and 13 show a typical unit, where oil is pumped continuously
through the heat exchange system where it picks up heat from the hot streams
leaving the column. It enters the fired heater at 3559F (179°C) and
leaves the heater at 601°F (316°C). It goes into the vaporization section
of the fractionation column at about 5760F (302°C). At this point, the
temperature must be sufficiently high to cause vaporization of all the
products above the vaporizer section. This temperature is selected, as
mentioned earlier, from vaporization curves of the crude and should take care
of 60% of the vaporization process. However, this temperature may be a little

3/ W.L. Nelson, Petroleum Refinery Engineering.
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higher, so that about 20% of the bottom stock is also vaporized. The purpose
of additional vaporization is to provide better fractionation on the plates
that are situated just above the vaporizer. Without excess vaporization, very
little reflex will exist at these plates and no reflex will flow from the
plate above the vaporizer into the vaporizer section. Reflex is circulated
through the top of the column. The hot reflex material is drawn from top of
the tower, cooled by heat exchangers and returned to the column in order to
cool and condense the vapours that are arising from the vaporizer.

Figure 9. Boiling range of refinery products
(31.7 APl Texas mixed-base crude oil)
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Source: American Petroleum Institute.
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Figure 10. Types of refinery processing
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By residuval
method

Steom dist.

(a) Topping or skimming processing (catalytic reforming now also widely
used);

(b) Cracking processing (vacuum distillation and catalytic ‘cracking now
widely used);

(¢) Lubricating-oil processing (solvent treating and dewaxing now used).
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Figure 11. Schematic diagram of a refinery for produc1ng
lubricating oils
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The plates above the vaporizer section are called rectifying plates while
the plates below are called stripping plates, since steam is admitted below or
on the bottom tray, and the low boiling materials in the vaporizer residue are
removed so that high-flash point bottom products are produced.

Figure 13 shows a limited production of four products; however, as many
as eight products have been withdrawn from one column. Figures 14 and 15 show
different refinery configurations.

E. Fluid catalytic cracking units (FCCU)

In modern refineries, these wunits constitute the major wunits for
conversion of heavy fuel into motor gasoline. There are many types of feed
for an FCCU, but in most refineries, the feed is the heavy distillates,
especially the vacuum gas o0il (VGO) leaving the vacuum distillation units.
The most valuable product of the FCCU is high octane gasoline, which has good
blending characteristics with other gasoline components.
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Figure 41 shows a typical FCCU, although there are many variations of the
process. Raw feed is preheated by heat exchange with hot process streams
before being introduced at the bottom of the reactor riser. It meets the
catalyst, which has left the generator section of the process at about
650°cC. The feed vaporizes upon contact with the hot catalyst and the
cracking reaction starts in the riser. The mixture of vaporized hydrocarbons
and the catalyst flow up the riser into the reactor where the reaction is
completed. The coke produced by the reaction is deposited on the catalyst and
removed by it.

The products of reaction, other than coke, leave the reactor as vaporized
nixture which then flows through a cyclone to remove entrained catalyst. The
heavier constituents are then condensed by reflex streams cooled by heat
exchanges with raw feed.

The valuable liquefiable products such as LPG and gasoline are removed in
the gas concentration section of the process as established gasoline and LPG
while a part of the bottom product is taken as part of the gas 0il blending
stream and the remainder is recycled.

What is of interest to the present discussion is, of course, the large
amount of heat contained in the hot flue gases (550-650°) from the
regeneration operations. The sensible heat available contains a large amount
of combustible CO (carbon monoxide gas). The usual utilization of such heat
is through the installation of CO-boilers as described in chapter IV, part G
of this report and in the Petroleum Processing Handbook.

Figure 12. Simplified diagram of the distillation of crude oil
in a petroleum refinery (Esso Standard 0il Co.)
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Figure 13. Continuous pipestill topping plant
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Figure 14. Basic refinery operations of topping, vacuum distillation,
thermal cracking, catalytic reforming and catalytic cracking
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Figure 15. Schematic diagram of a refinery for light oils
(mainly gasolines, kerosene, and distillates).

o3seyd
3pniy

a
»
28
~ 5: - Crurie tractionation
2 =
- L3
o o
£
[ad
— ———
(=N
Q
c
o
o
Viscosity Thermal Catalytic Catalytic
breaking cracking re-forming] eracking
unit unit unit unit
[RS——— |
P A
1
—_—— e e T 5] — —— — —— e ]
HE:
o
a) -~
< a
lwur s s Y
e 2 Iy
Therma! product 1 S Catalytic product
g‘ fractionation fractionation
e an 2
= 28 . Ol
=0 ’
&8 o
s o H
S _-_._.__a___Ii —  — -
3 3
Y ¥ z| £
- < -
. - ° sr2iphi-
Poly Alnylate Thermal Catatic g|| Sweish
trzctionation fractionation Sracking LT Pexing & e
o stebilization stabilization stebilizatien
€
[ -
<|n o
(=] -
2y =l | B ° «F| 2| % _-1
o c > T c = He = o
- = a z £ 3] <3 H £ o=
- E < :
E 3 Rz oo B o o, 3 3z 2BS
1= 13 x [ ve 8w =3 21532
2 £ g A N I LES L] A
= =3 v = » Y » Y EY
3 B 2 sz & 25 s 3l ®
[ I~ & 83 ]
) =
P I P —— S B I S S IE — e — — e e ——
r__._i Y Y F
[ ¥
Catalytic - .
polymerization Alkylation
unit unit
9

Absorber o)
- ) 3
on o = -~
=3 =z T T
2 2

— o

Q z -
= > = o & 7 & o
2S0?% o F 2z %8 $FTE £z3 PP 9 i
- =z ¥ © .~ = = =< ~ w € > Z o
o c é,ag a o Z & o 8 R es =7 -2 7 -
-8 ® o 0 o “ “ - 5 & = w & | o o >« % =
= s a =3 o e = S = g T = & : =2 3 a2 X I8 F
H H = 3 " g =3 v =g @ 2 Z 8 v.e >
o 2 s T = s S ez 2 Z 5 s
e = P a 573 s e ?
a .
—— ————— — \_T_J —— — <
o b
- © x © > o |¥
€ e - % e e e = ﬁg g - < {8
8 = £eCl 2 @ -
o & [N e 2 e = g ¢o = 2 = |t
Q c s a8 = - o 5 & 5 > - F3
- = 2 > S -
3 5 3 - K 13

Source: W.L. Nelson, Petroleum Refinery Engineering.




-29-

F. Catalytic reforming

Catalytic reforming is a continuous process to upgrade all types of
low-octane naphtha into high-octane (reformate) components for motor fuel
blending or petrochemical use. The octane number of naphtha varies between
40-60 RON while the reformate yield of the process has an octane number of
92-93 RON depending on the type of reforming process and the fuel.4/

Basically, catalytic reforming is the rearrangement of molecules in the
naphtha (gasoline) boiling range fractions into products of higher anti-knock
quality, i.e. octane number.

The main reactions of the process are:2/

1. Naphthene dehydrogenation: e.g., of cycloparaffins to aromatics:
HZ H
/’{z\ “2. (5] /\M
————
H — } { +3“L
2\t SSNGZAT
H, 0
Cyclohexane Benzene Hydrogen
2. Naphthene dehydroisomerization: e.g., of paraffins to cycloparaffins
(naphthenes) and to aromatics:
H CH 4 H cH
\/ N/ 3
Y
ﬁ/“ >
<V, S = -
" ¥ Hy My W y T3hHa
Z 4, ' _

H, H
1,2-Dimethylcyclopentane Methylcyclohexane Toluene Hydrogen
3. Paraffin dehydrocyclization: e.g., of normal paraffins into aromatics:

/fa 6& fﬁ- H
" H 7 \\H
. HNZH
I+
n-Hexane Benzene

4/ Petroleum Processing Handbook, section 5.

5/ Nelson, op. cit.
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4, Paraffin isomerization: e.g., of normal paraffins to their isomers:

,l_,\ /7)_ /{/z Ho sty 1 Methylhexane, etc., isomers
/ !

c%;-c._c—c-c‘—c-cflé —
n-Pentane

5. Paraffin hydrocracking: of high carbon paraffin into lower-value carbon
normal and isoparaffins:

C./o Aéz 7"1‘/2. v—--._-h /{;C—C—C—C—Cﬁs’ -f' [{}C—C -C —CH;

n-Decane n-Pentane Isopentane

6. Olefin hydrogenation: of olefin into paraffins:

Cstyp 4 Ho = CsHa

.

Pentene Pentane
7. Hydrodesulphurization of sulphur compounds into paraffins and HjS:
)
gt 52 S
S
Thiophene Butanes

It would be noticed that the first five reactions are the desirable ones
(dehydrogenation and isomerization) since they are the ones that produce
high-octane products as well as valuable Thydrogen gas. While the
hydrocracking operations (numbers 6 and 7) produce normal paraffins (low
octane) and they use valuable hydrogen. To suppress the hydrocracking
reforming processes are usually carried out at mild conditions of temperature
and pressure.

A typical platforming process is shown in figure 16. However, the
inclusion of waste-heat boiler is not indicated.

G. Other processes®’

Table 3 shows a summary of major processes in refineries that consume
energy, which are not discussed in this section.

6/ Nelson, op. cit.
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Figure 16. Platinum catalyst reforming processes (regenerative
and nonregenerative)
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IV. MAJOR REFINERY UTILITY UNITS THAT DEAL
WITH ENERGY AND CONSERVATION

A. Process heaters (furnaces)

About 70-80% of the energy used in refineries,l/ is for direct-fire
heaters or steam. This chapter discusses the subject of process heaters
(furnaces).

Heating value of fuels

The amount of heat liberated when a unit quantity of a fuel is burned is
called the "heating value" or '"heat of combustion"” of the fuel. The heat
liberated when 1 pound (0.454 kg) of fuel at 60°F (15.6°C) is burned and
the products of combustion are cooled to 609°F (15.69C) is called the "net
heating value".

If the products are cooled to 60°F and in addition the water vapour in
the flue gas is condensed, the "gross heating value" is obtained. TIn most
industrial processes, the water vapour in the stock or flue gases 1is not
condensed, and hence the most logical basis for judging the thermal
efficiencies of heaters is the net heating value (NHV). The NHV can be
computed from the gross heating value by subtracting the quality of heat that
is required to condense the water vapour in the flue gas.

Most hydrocarbon gases, liquids and solids and other gases (Hy, Co,
HyS) and liquids that can be used as fuels have the heating value calculated
or measured. Hence, the heat value of most refinery fuels can be computed.
The most used fuel in a refinery is the fuel gas, which is supplemented
usually by fuel o0il. Figure 17 shows combustion charts which are used to
calculate stack temperature and losses through the stack.

B. Types of furnaces

Most modern process heaters are built with two distinct heating sections,
a radiant section which can receive heat directly from the flame and a
convection section which recovers heat from the hot gases traveling to the
stack. Figure 18 shows the different types of furnaces used in the oil
industry. A typical modern process heater is shown in Figure 19, where test
points and the control system are incorporated.

The most effective energy saver in furnaces is the installation of an air
preheater as explained in details in section E below. There are additional
means as well to improve the efficiency of furnaces:

(a) The addition of a convection bank tube;

1/ Duckham and Fleming, op. cit.
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TEMPERATURE OF FLUE GAS -°F

Figure 17. Fuel-o0il combustion and gas combustion charts
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Basic types of pipestill heaters
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Figure 19. Typical process heater--test point and control system

DRAFT ] STACK
GAUGE POINT / DAMPER
N~ =
N FLUE GAS
' SAMPLE
XXX 000aKRY
B
FLUE GAS SAMPLE
FOR OXYGEN R CONVECTION
l‘ SECTION

ANALYZER —\

S 777t R EREGT

<

| SONR 3 SR
N / X
& DRAFT b
2 GAUGE POINT B
S i
S r b
K] RADIA y
2 SECTION ?
B 3
3 G
B s
: :
i 3
gé ok

BURNER AIR
REGISTER

Source: H. Duckham and J. Fleming, "Energy conservation in HPI plants”,
EMH.

(b) Improvement in the control system of the furnace, including combustion
analyses and for measuring and monitoring draft and stack conditions;

(¢) The use of soot blowers, fouling inhibitors and materials which
reduce the likelihood of fouling.

C. Combustion fundamentals

The first approach to efficient burning of fuels is to understand and
appreciate the fundamentals of combustion. There are many misconceptions
about this, the most important factor in fuel conservation.

Most fuels are hydrocarbons (see chapter 3, section 1). Each compound in
any of the series has a characteristic molecular weight and hydrogen-to-carbon
ratio. TFuels from the same series present greater difficulty in blue-flame
burning as the molecular weight increases. Compounds having a weight ratio
below 0.14 are very difficult to burn with a blue flame.2/

Blue-flame burning is preferred in process firing because it creates the
most rapid combustion. Flame colour varies because combustion reactions cause
jonization in the flame body, and the jonized material imparts its
characteristic colour.

2/ R. Reed, '"Save energy at your heater", Energy Management Handbook.
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Air quantity has no effect on flame colour. Fuel-air mixtures for a
particular fuel determine a flame colour of blue, yellow-blue or yellow.
However, a yellow flame does not indicate inefficient burning. 0il can be
burned very efficiently with a brilliant, yellow-white flame.

Excess air is an important factor in efficient combustion. All fuels
need oxygen for their burning, and oxygen is obtained from air. However, more
air (excess) 1is required for the chemical reaction of burning, since such
reactions need an excess of reactant (usually air) for rapid completion and
speed is required for burning.

The problem that arises here is how much "excess air" is required and how
to monitor such excess air. Normally this excess is on the order of 20%. Any
amount of excess air significantly above or below this figure will result in
energy loss.

D. Flue gas waste-heat recoveryi/

As indicated previously, the flue gas leaving refinery heaters through
the stack contains substantial heat energy. In older refineries, the energy
released in the fired heaters can account for 7.5% of refinery throughput;
only part of this energy is utilized usefully, the rest being lost through the
heater stack. This figure can be reduced by 1-2% by minimizing energy losses
from flue gases alone.

The energy available in flue gases is a function of the mass flow of the
products of combustion and their available temperature above ambient
conditions. This is illustrated in figures 20-23, which show the relationship

between energy loss in the stack, stack temperature and percentage of excess
air.

There are many ways of recovering this energy:

(a) For heating raw materials and feedstocks;
(b) For steam and power generation;

(¢) For preheating combustion air;

(d) For fuel heating.

E. Types of air preheaters?’/

The main types of air preheaters which are incorporated with large
heaters are the hot o0il belt system, the rotary regenerative system and the
static gas-to-gas tubular exchanges. Other types of air preheater systems
exist, but they are relevant only to small heaters.

3/ Aburas, Lloyd and Webster, op. cit.; F. Jones, "Build and run plants
to save energy", Energy Management Handbook.

4/ Aburas, Lloyd and Webster, op.cit.
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1. Hot oil belt system

In this system, an intermediate heat transfer fluid is ﬁsed. The hot
flue gases pass through an oil coil and by giving up their heat are cooled to
the required stack temperature. The heat gained by the oil coil is cooled by
preheating the combustion air. The cooled oil is recirculated to be reheated
in the flue gas cooler.

The advantages of this system are:

(a) Minimum duct work. Suitable when space is limited;

(b) Flexibility in size and location of the coils. Perhaps possible to
eliminate the FD (forced draught) and/or ID (induced draught) fans.

The disadvantages include:
(a) Heat recovery could be limited by the maximum oil temperature;
(b) Safety considerations (hot oil in the combustion air stream);

(¢) Return cold oil temperature to the flue gas cooler must be consistent
with the flue gas dew-point and sulphur levels of the fuel;

(d) Pumping equipment, control values and so on require maintenance.

The system is ideally suited to the situation where there is a large
quantity of heat to be transferred at comparatively low temperatures. The
complexity of this scheme, pumps, expansion vessels, etc., is often

unjustified for small-size units.

2. Static gas-gas exchangers

These are simple gas-to-gas exchangers. If the walls of the exchangers
are above the dew point of the flue gases, then a rugged cast-iron
construction can be employed. If there is any prospect of the walls being
below the flue gas dew point, then it is possible to use a glass tube for that
section of the exchanger.

The advantages of this system include:

(a) No moving parts;

(b) No air-flue gas leakage path;

(c) Dew point problems can be designed out;
(d) Maintenance requirements are minimal.

The disadvantages are:

(a) The units are large, heavy and expensive;

(b) The units require large plot areas;

(c) Performance falls off significantly with fouling; the cleaning
process could be difficult.
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Figure 20. Effect of excess air and flue gas temperature on energy loss
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3. Rotary regenerative exchanges

In this system, a rotary metal matrix passes continually through the hot
flue gas and cold air streams. The matrix is alternatively heated and cooled
by the flue gas and the air.

The advantages of such a system are:

(a) Very compact and low cost;

(b) Dew point corrosion problems can be minimized by enamel or other
coating material at the cold end of the metal matrix;

(c) Small mechanical size implies that the replacement of parts are
simple;

(d) Fouling on surfaces is comparatively easy to remove by soot blowing.
The disadvantages are:

(a) Mechanical drive is required: typical power requirements are low,
0.5-5.0 kW on refinery-size units with switch gear and maintenance;

(b) Maintenance of seals;
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(¢) Air-to-flue gas leakages across rotating matrix affects power
achieved by fans and final allowable cold end temperature. This is especially

true in the smaller units where fixed seals are employed.

Figure 22. Determining excess air
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F. Details of rotary, regenerative air preheaters3/

Rotary, regenerative air preheaters are the most popular of air-preheater
systems and are widely used in refineries for recovering energy from flue
gases. It is appropriate therefore to describe in greater detail the concepts
and characteristics of rotary, regenerative air preheaters.

1. Layout and operations

A general layout of a rotary, regenerative air preheater is shown in
figure 24. This preheater has two major components: a rotor and a housing.
The housing separates the air and gas streams and serves as a structural
base. The rotor contains the heat transfer plates, and sometimes enamel
coating is applied depending on dew point characteristics of the flue gas.
The duct connections are arranged to permit counter flow of hot Fflue gas and
cold incoming air. As the rotor absorbs heat while revolving slowly through
the flue gas stream, it heats the incoming air on the cold side. Because the
heat surface is very compact, many thousands of square feet of heating surface
can be contained in a relatively small space. Heat transfer efficiencies of
over 75% are obtained.

The system is usually designed with a bypass arrangement for use in case
of power failure, at which time the system can revert to natural draft service
is so required. The system usually incorporates as well a forced draught (FD)
fan and induced draught (ID) fan.

2. Maintenance

The maintenance of the air preheater is minimal. The least cost occurs
when natural gas or low-sulphur fuels are burned and when average cold end
temperatures are kept at or above recommended levels. Recommended metals and
corresponding operating temperatures are shown in figure 25. It has been
shown from experience that cold end elements may have to be replaced after
four to six years of operation. In general, annual maintenance costs are less
that 1% of initial costs.

3. Energy-saving characteristics

(a) Fuel consumption can be reduced in process heaters by up to 25%.
About 1% fuel is saved for each 35-400F reduction in flue gas temperature;

(b) With preheated air, there is less coking of the burner tips, which
minimizes the necessity to clean the burners;

(c) With forced draught preheaters, there is more carefully controlled
flame patterns;

(d) There is more complete combustion, which results in cleaner furnace
side tubes, requiring less soot blowing in the furnace;

5/ C. L. Brown and D. Figensder, "Preheat process combustion air",
Energy Management Handbook, p. 76.
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Figure 25. Recommended metals and corresponding temperatures
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(e) Cleaner furnace side tubes permit more even heat distribution to the
process charge, which in turn reduces the coking in the tubes for better

product quality.

4. Typical application

Figure 4 shows a typical preheater application. The unit was designed to
recover heat from the stack gas by generating steam and preheating combustion
air. Flue gas leaves the furnace at 2100°F (1150°C), then passes through
the shell side of a steam generator to supply about 70% of the heat required
to generate 70,000 1b/hr (31,750 kg/hr) steam. Flue gas from the steam
generator at about 7500F (400°C) enters the air preheater, where it
transfers heat to the combustion air of the furnace. Under typical winter
conditions in the USA, approximately 107,000 1lb/hr (48,500 kg/hr) of air is
heated from 109F (-12°C) to 305°F (151°C) while flue temperature 1is
cooled to about 3809F (193°C).

G. Waste-heat boilers

Even after a complete use of heat exchange, some products will go to the
outlet coolers at 70-200°cC. Feed stocks along with hot flue gases from
furnaces may be used to generate steam in a "waste-heat boiler”. Such a
boiler is shown in figure 26. The feed water which has already been preheated
with exhaust steam in an "economiser" is heated further by any suitable hot
0il stock on the way and is introduced into the steam generator. Meanwhile,
hot water is circulated from the generator through tubes that are heated by
flue gases. The high-temperature gases are obtained from a cracking unit
furnace or any other furnace.

A typical waste-heat boiler arrangement for a platformer unit is shown in
figure 27. In normal operations, hot flue gases from the four heaters will
flow through the waste-heat boiler, induced fan (ID) and stack. Upon loss of
the ID fan or in the event that the waste-heat boiler is out of operation, the
flue gas goes via a bypass directly to the stack. The waste-heat boilers are
usually of the free-standing, two-drum natural-circulation type designed with
superheaters and an economizer and possibly a steam-feed preheater.

Another arrangement for a "waste-heat boiler" is shown in figure 28 for
CO-boiler of a fluid catalytic cracking unit. In the generator section of the
FCCU, there is significant heat loss of stack hot gases (at 670°C) which
contain a significant amount of CO gas which could be burned to supply further
recoverable heat. Both the sensible heat and the heat of combustion of CO
could be recovered from regenerator fuel gas by adding a boiler to the stack
gas system. Although it is a type of waste-heat boiler, such a boiler is
termed a CO-boiler since it burns CO gas also.

In order to maintain the combustion of the CO, the regenerator stock
gases must be heated to 800°C. For this reason, it is necessary to burn
supplementary fuel in the CO-boiler.

A mathematical evaluation of waste-heat steam generators is given in
Knight .8/ :

6/ W. P. Knight, vgEvaluate waste heat steam generators” (sic), Energy
Management Handbook, p. 146.
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Figure 26. General arrangement of waste-heat boilers
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Additional schemes for the recovery of energy from flue gases of FCCU are
shown in Millerl/ and Low.8/

H. Heat exchangers

Heat exchangers are universally used in refineries for the removal of
heat from hot streams to cold streams, such as for heating feeds into process
columns or even for steam generation in waste-heat boilers.

The number of heat exchangers that might be used will depend upon the
quantities and temperature level of several products. Heat exchangers are
expected to pay for themselves in two years or less, and it is usual to bring
the crude-oil temperature to within 409F (5°C) of the temperature of the
hottest heat exchange stock that is available.9/

In complete plants which conduct vacuum and cracking operations as well
as topping, the crude is advantageously heated by product from these other
units because they are at relatively higher temperatures. Figure 29 shows the

path of heating crude oil. The crude is pumped through the condenser
exchangers of the topping plant, through the condenser exchangers of a
cracking plant and finally back to the topping column. In some plants a

crude-oil temperature of about 315°C is attained. This figure indicates the
many sources of heat in an exchange system.

1/ G. Miller, "Use of turbo expanders with FCC", Energy Management
Handbook, p. 124.

8/ F. Lowe, "Starting FCC power recovery", Energy Management Handbook,
p. 132.

9/ Nelson, op. cit., p. 581.
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Figure 28. FCCU CO-boiler flow scheme
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Several years ago, a new approach was developed to the arrangement and
configuration of heat exchanges in a refinery to attain optimal heat recovery
through the exchange of heat energy between different hot and cold streams in
refinery processes.lg/ There 1is an almost infinite combination of
arrangements of preheat trains for crude distillation. '"Heat train design" is
the term applied to the optimization of heat exchanger configuration in a
refinery. The mathematical modelling and simulation of heat train can only be
accomplished using sophisticated computers where any number of schemes can be
evaluated for optimization. Multiple options may be evaluated using input
data for the sequence of exchangers. A rigorous economic analysis is made

based on the ocutput.
Two aspects are considered in the optimization of heat trains:

(a) Configuration and order of heat exchange duties;

(b) Distribution and amount of heat transfer surface supplied within the
chosen configurations.

10/ Frith, Bergens and Shreehan, op. cit.
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Figure 29. Sources of heat for heat exchange
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A number of combinations of configurations are possible, as shown in
figure 30 from the simplest, Case I, where heat is removed only from reflexes
and products, to the most complicated, Case IV, where heat is removed from all
reflexes and additional exchanges are provided for further stream cooling by
"looping".

I. Heat conservation through insulation

Although insulation of lines, towers, vessels, furnace walls and tanks in
a refinery has been a standard practice since refinery operations began, the
significance of insulation has only been appreciated with the advent of energy
consciousness. Recent improvements in insulation materials have been one of
the main reasons for the renewed interest in the use of insulation as an
energy conservation tool.

Many refineries have replaced most of the insulated materials with
modern, more efficient materials, especially spray-on type petrochemical-based
materials whose cost of purchase, installation and maintenance is superior to
conventional materials.

One aspect of refineries which has escaped insulation--especially in
older refineries--are the heavy fuel tanks used to store fuel oil. These
tanks are heated by steam coil heaters to keep the fuel in a liquid pumpable
state. Such fuel is not pumpable at temperatures below 60-75°C, depending
on the type of fuel. The insulation of such tanks would be a great source of
energy savings in refineries.

It was estimated that a tank farm of heavy fuel oil with a storage
capacity of 75,000 m3, and with tanks maintained at a temperature of
57-66°C by using internal steam heaters, would have heat losses through the
uninsulated tanks of 27.7 million Btu/hr (7 million kcal/hr).ll/ When
spray-on polyurethane insulation of 3.81 cm thickness was installed around the
tanks, the savings in energy was estimated at 25.1 million Btu/hr (6.325

11/ W. Danekind, "Steam management in a refinery"”, Energy Management
Handbook, p. 142.
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million kcal/hr), which is equivalent to around 5,000 Te/year of fuel oil
valued at $421,500/year, at a cost of about $500,000. Technical procedures
for calculating heat savings through the use of insulation are elaborated in:
Nelson; Bisi and Menicatti; and Menicatti.l2/

J. Steam management

In Danekind's excellent paper on steam management in refineries, it was
estimated that for a medium-size refinery (100,000 b/d or 15,900 m3/d),
about 10% of the crude refined is used as fuel; of this 10% about 30% is used
for steam generation.l3/ That is why steam management is so vital.

The steam balance in a refinery is part of the energy audit for the
refinery. There are many uncertainties in the evaluation of the steam
balance, especially in measuring the flow of steam. However, following are
some valuable suggestions in this regard:

(a) Steam flow meters are essential, especially in areas producing or
consuming large quantities of steam;

(b) Steam flows can sometimes be established indirectly from heat
balances on heat exchangers;

(c) Steam usage can be indicated by shutting off steam to individual
pieces of equipment for a short period;

(d) Steam flashed across valves can be estimated from valve opening and
pressure drop;

(e) Steam flows through turbines can be estimated from design data;

(f) Condensate collected from reboilers and condensers can be estimated
by shutting off outlets for a short time and rating level changes;

(g8) Condensate from steam traps can be estimated from trap specifications;

(h) Leaks or venting to atmosphere can be also estimated. In modern
refineries where measuring and control instruments and computers are
installed, the steam balance can be estimated to within +10%.

It has been estimated that steam losses through simple leaks and steam
traps could be significant, but that this problem could be overcome with
maintenance:14/

12/ Nelson, op. cit., p. 240; F. Bisi and S. Menicatti, "How to calculate
tank heat losses', Energy Management Handbook, p. 260; S. Menicatti, "Check
tank insulation economics", Energy Management Handbook, p. 264.

13/ Danekind, op. cit.

14/ A. Salim, "Utilization conservation in refineries and its impact on
refining economics™, Refining Economics Seminar, Damascus, Syrian Arab
Republic, July 1983.



~50-

Figure 30. Possible configurations of preheat trains for

crude distillation
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(a) Steam loss through leaks: An opening in a steam line with a diameter
of 3 mm could lose around 40 kg/hr of 7.5 bar steam, valued at $2,150 per year
while a similar opening in a 37 bar steam system loses 160 kg/hr of steam
value at $10,000/year assuming cost of FOET (fuel o0il equivalent ton) at $85.
If one assumes numerous leak openings, the loss would be tremendous.

(b) Steam traps: These are used on a large scale in refineries, for the
purpose of keeping steam distribution lines dry in order to conserve the

latent heat of steam. Steam-trap design 1is critical, and continual
maintenance is essential.

A faulty steam trap (size 2 inches/51 mm) in a 10 bar steam system loses
from 5-20 kg/hr of steam valued at $250 per year. Considering that there are
over 2,000 steam traps in a refinery , then the magnitude of loss can be
tremendous.

K. Conservation through co-generation

A large portion of electrical energy is generated in refineries by steam
turbine-drive generators, with steam being supplied from fuel-burning
boilers.15/ Since the steam leaving the turbines is directly condensed, the
thermodynamic cycle is inherently inefficient. Around 65% of the energy
supplied to the boiler is wasted in the stack and condenser as exhaust heat.

As shown earlier, refineries consume large quantities of energy to
generate steam or supply process heat. This provides a use for much of the
waste that occurs in the generation of electricity. Integrating these two
systems, i.e., the generation of electricity and the production of process
heat, is a major source of energy conservation. The term '"co-generation"
implies different things to different people. However, the standard
definition of co-generation when applied to energy conservation 1is the
sequential generation of electricity or mechanical work and heat that is
required or produced in processes operation. Two features of this definition
must be emphasized:

(a) It includes the production of mechanical work as well as generation
of electricity;

(b) The generation of electricity or mechanical work can come first or
last in the cycle.

It is important to distinguish between the terms co-generation and
self-generation. The distinction is that the portion of electricity generated
by condensing steam is not co-generation.

Co-generation schemes are not only capital intensive but also involve
third parties, usually authorities outside the refinery boundary. In order to
make such project economically attractive (see chapter 5, section A of this
report), it must have the cooperation and support of outsiders.

15/ D. W. Hallman, "Save energy by co-generation'", Energy Management
Handbook, p. 221.
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Figure 31 shows a typical co-generation scheme. Two fuel boilers supply
high-pressure steam to two 5.5-megawatt turbo-generators and three 3,000-HP
turbine-driven centrifugal air compressors. Extraction steam from the
generators and exhaust steam from the compressors supply an intermediate
pressure process system. The intermediate pressure steam is also used to
drive a 3,000-HP turbine-drive centrifugal air compressor and two 600-HP
turbine-driven boiler feed pumps. The exhaust from these turbines supplies a
low-pressure process steam system and is used as well to drive three 1,250-HP
condensing turbines that drive centrifugal refrigeration compressors.

Figure 31. Typical co-generation scheme of a large chemical plant
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V. REVIEW OF EXISTING ENERGY-SAVING POLICIES IN REFINERIES

Although the policy of most large o0il companies and oil refiners is to
set long- and short-term energy-saving schemes and programmes, such policies
have not been tackled meaningfully in the refineries of the Middle East.
This, of course, is attributed to the relatively cheap and readily available
energy in the area.

The experience of large oil companies and refiners in the area of energy
saving is worthy of thorough study and analysis.l/

The average cost of energy use in typical refineries is more than 35% of
the total operational cost of the refinery; this varies depending upon the
location and complexity of the refinery. An energy audit of a medium-size
refinery would typically show the following proportions:

Cost of fuel consumption 81%
Cost of purchased electricity 6%
Average loss of hydrocarbons 8%
Average loss in handling 5%

The above items account for 50% of operational costs for a medium-size
refinery.

A simple topping refinery consumes the equivalent of 4% of its feed input
capacity, while a more complex refinery with different conversion processes
and tube o0il production consumes 10% or more of its feed. In the conventional
energy audit, this usage of energy was assumed to be lost, since it was
calculated as the difference between the crude-oil feed to the refinery and
the products that are produced (i.e., the yield, see chapter I).

Shell has estimated that a savings of 24% in energy use was obtained by
following the conservation programme summarized below.2/ About 50% of the
savings was in actual fuel sold as such, the rest was used efficiently as fuel
for heaters or to generate steam for other processes:

1. 9% as a result of reducing fuel consumption in process heaters:

Improving combustion in furnaces (burners, air/fuel ratio)
Cleaning heat exchangers

Installing air preheaters

Reconfiguring and adding heat exchangers

Installing flue gas analyses

1/ Mergens, op. cit.; R. Taylor, "Energy management at Exxon
refineries™, Energy Management Handbook, p. 16; C.P. Den Broeder, "An overview
of energy saving in Shell refineries™, 0il and Arab Cooperation, vol. 9, No.
3, 1983,

2/ Den Broeder, op. cit.
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2. 8% as a result of reducing hydrocarbon loss:
Inmediate repairs to leaks
Better maintenance and access to drainage system
Installation of recovery units in the flare system
Addition of floating tanks

3. 3% as a result of steam consumption in process units:

Control of steam requirement in different processes
Better maintenance of steam traps

4, 2% as a result of reduction of steam use in tanks:
Better heat insulation in tanks and pipes
5. 1% as a result of steam reduction to secondary users and buildings.
6. 1% due to efficient furnace combustion.
7. Total 24%.

A. An integral scheme for energy conservation

An ongoing plan for energy conservation that could be applied to any
refinery and in any stage of energy conservation has been developed, which
covers the following areas: process and utilities units; optimized
utilization of refinery installation; and cooperation with other sectors
outside the refinery.i/ It must be clarified that such a plan incorporates
both short- and long-term planning as well as day-to-day operational
improvements. It is a truly integrated and continuous plan.

1. Improvements in process units

Additional savings can be made by carrying out minor improvements in
process units; this could lead to a further reduction of 20% in fuel
utilization in a refinery in the following fields of activities:

(a) Technology and operation (additional savings of 5 per cent):

(i) Control the amount of steam required for stripping, reboiling,
circulation, stabilizers and solvent extraction operations;

(ii) To achieve the above, sensitive control instruments must be used
which are computer run and controlled;

(iii) Reduction of pressure in fractionation columns when possible and the
use of cooling and condensation equipment which are sensitive to
seasonal changes;

3/ Den Broeder, op. cit.
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(iv) Selection of the optimum catalysts (zeolites for cracking and
bi-metal for reforming);

(v) Quality control supervision so as to avoid production of off-spec
products.

(b) Preventive maintenance and repairs: Another important field of
activity through which further savings can be achieved (an additional 2%) is
in preventive and programmed maintenance, repairs and replacements:

(1) Increase the level of cleaning of heat exchangers, convection-heated
tube banks, preheaters and condensers;

(ii) Installation of "ball cleaners" in convection-heated tube banks and
condensers;

(iii) On-sight maintenance and cleaning of exchangers;
(iv) Frequent checks and calibration of control instruments;
(v) Maintenance of steam traps;
(vi) Immediate repairs of steam and hydrocarbon leaks.
(c) Installation of up-to-date equipment and instruments: This field of
activity could account for the largest savings in energy use in a refinery (on

the order of an additional 13-15%). These projects are medium-size
investments which are justified economically:

(i) Modifications and improvements in furnaces and boilers with emphasis
on the performance and efficiency of air preheaters. This includes

the utilization of hot streams of products in preheaters and the use
of chemicals to reduce the flue gas dew point;

(ii) Optimization of steam distribution system (shortening of lines, use
of economizers, primary heating of feed water to boilers);

(iii) Expanding the generation of electricity locally by use of gas
turbines and/or waste-heat boilers;

(iv) Heating of high-viscosity products such as fuel oil and asphalt by
warm-water heating, instead of steam or hot product steams;

(v) Flare gas, heat and hydrocarbon recovery;
(vi) Floating roof tanks;
(vii) Improvement in heat insulation;
(d) Some long-term projects which are presently not economically viable
or not technologically applicable: It would be theoretically feasible to

expect a further 10-15% reduction in energy use in refineries should the
following projects be initiated:
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(i) The use of advanced gas turbines: Tremendous research has been
undertaken to develop such gas turbines. To illustrate the
concepts of advanced gas turbines, it is appropriate to explain the
function of energy in a refinery. 1In reality most of the energy is
not wused directly in the refining process. Fuel energy 1is
converted to another form (heat), in the end dissipating to the
atmosphere (or water) at around 1259Cc. As mentioned in chapter I,
section B, the best type of energy is the chemical energy available
in hydrocarbons since it is relatively cheap and easy to handle. 1In
the burning of fuel in a refinery furnace, only a fraction of the
available energy is utilized. The flame temperature in front of the
burners in the furnaces or boiler reaches 15000C while the
temperature needed for vaporization of crude is less than 500°C.
So if we can utilize a turbine which uses such a temperature in its
chamber directly (temperatures of 1200-1400°C) to drive a
generator, then the exhaust gas produced at a temperature of 500°C
can be utilized for process heating. The problem presently is that
gas turbines cannot handle such Thigh temperatures in their
chambers. They need new materials which further research will
develop in the future;

(ii) Provision of low-temperature utilities, such as low-pressure steam
and hot water to local areas for home heating, glass house heating
and water desalination by utilizing waste heat to add more heat to
cooling water and air;

(iii) sale of surplus electricity to 1local consumers and hence
optimization of the use of heat sources in the refinery;

(iv) Use of glass tubes in air preheaters below the dew point of flue gas;
(v) Use of electric motors with variable speed.

2. Optimization of refinery installations and utilities

Another field of activity that would enhance the overall energy
conservation is in the management of energy and optimization of energy use:

(a) Energy management

Energy management is a new area of management in energy-intensive
industries such as refineries. Energy is viewed in a holistic, comprehensive
way with energy conservation as the prime aim and target.

The actual use of energy in a typical refinery is as follows:

Heating of fractionation columns 55%
Heating of reactors 12%
Rotation power (pump, compressors) 20%

Tank heating and heating for buildings 5%
Hydrocarbon loss (flaring, evaporation) 8%
: 100%
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It is also of interest to notice that of the total heat content of the
fuel used, 98% is utilized, in principle, as heat with temperatures as low as
1259C, while only 2% of the heat content is used as "heat of formation" to
produce useful products.

The following enumerates the normal sources of heat and power to operate
a typical refinery:

Level of heat Percentage Sources

300-500°¢C 55 Furnaces

210-300°C 5 Hot steams

130-210°cC 5 Steam 18 bar

20-130° 15 Hot water, steam 3.5 bar
Power 20 Electric/steam 18 bar (50/50)
Total 100

Figure 32 indicates typical energy streams through the process and tank
area of a refinery.

It is obvious then that such divergent energy levels in a refinery can be
managed by the use of sophisticated computer-controlled software and highly
developed simulation and modelling programmes that give operators instant data
for optimal operation of energy utilization.

One of the major instability factors in refinery operations is the

sensitivity of distillation columns to the type of feed crude oil. These
columns use up to 30-50% of input energy. Most distillation columns are
designed for one or two crude oil feeds. 1In order to get a similar crude

through the refining process, one or more crudes must be blended to get a
similar yield of the crude for which the refinery is designed and that will
beget the best results. Here also the desirability computer application is
evident.

(b) Energy and utility systems

Linear and nonlinear studies have shown that best results can be achieved
by co-generation of heat and energy since a significant amount of energy is
consumed for the generation of steam and electricity.

A medium-size refinery will require:

(1) 2% of total energy for chemical reactions;

(ii) 78% of total energy for heating;

(iii) 20% of total energy for electric generation for rotation (pumps and
compressors) .
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Figure 32. Typical energy streams through a process and tank area
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and this energy is fed by fuels: 64% fuels for process furnaces; 25% fuels for
steam generation; and 11% fuels for electric generation.

Electricity requirements are met as follows: 39% purchased from outside
the refinery; and 61% generated inside the refinery as follows: 13% by steam
turbines; 42% back pressure turbines; and 6% gas turbines.

From the standpoint of overall efficiency, the refinery must be
self-sufficient in electricity generation, either by using gas turbines or
waste-heat boilers or back pressure steam turbines.

Following is a simple example explaining the improvement in efficiency of
energy use:
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The object is the production of 18 bar steam for heating purposes.

Fuel used Generation of electricity To provide the refinery with:
(tons) and steam by: Electricity (MW) Steam tons
1.2 Electricity by 18 bar boiler 1
and condensing turbine
Steam from 18 bar boiler _ 10
1.0 Steam from 100 bar boiler + 1

back pressure turbine

100-18 bar for electric 10
generator + 18 bar steam

Electricity generated by gas turbine 2.5
0.85 Use of gas to generate steam 5

18 bar (waste-heat boiler)

It is evident that uniting gas turbines and a waste-heat boiler not only
has 25-40% better efficiency than the steam and electric generation utilities,
but their ratio of electricity to steam is also better.

For heat energy in particular, maximum flexibility and wuse must be
achieved from thermodynamic principles, which implies that during heat
exchange operations, the differences between temperature levels must be small
and their transfer gradual, with minimum heat loss. If unlimited investment
is possible, then this will 1lead to wider use of large tube banks in
convection areas of heating as well as different configurations of heat trains.

The use of co-generation--the simultaneous generation of steam and
electricity in the refinery--is widely practiced and is expected to be a
standard practice in the future. So when deciding on a scheme for steam
generation, electricity generation must be incorporated into it, whether by
the installation of a boiler and a generator together (back pressure turbine
and recovery) or by using gas turbines with a waste-heat boiler or as
mentioned previously by the use of advanced gas turbines which directly
utilize the hot flue gases (above 500°9C) (figures 33 and 34).

3. Cooperation with sectors outside the refinery

Another field which has been investigated 1in recent years 1is the
cooperation with sectors outside the refinery. This needs the assistance and
cooperation of governmental, local and other authorities as well as utilities
authorizes. The cooperation could include the following points:
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(a) Co-generation of power and heat: Refineries can be designed to be
self-sufficient and even to generate surplus electricity. Any refinery that
generates heat and electricity for its own use could be used to generate
additional energy that could be sold to local utilities with final savings in
energy approaching 30%;

(b) Utilization of low-level heat: The heat energy produced during
combustion operations in a refinery is of a high level (1000-1500°C). When
this heat 1is wused 1in process operations, it is usually reduced to below
500°C and the remanent heat is eventually dissipated by cold air or water
(100-150°C) .

This final low-level heat is ideal for domestic heating and for glass
houses. However, the investment necessary for such projects is too high to be
undertaken by the refinery on its own, so the cooperation of local authorities
is needed for such projects;

(c) Sale of excess gas: In the future, a tremendous increase is expected
in the bottom-of-the-barrel conversion operation, i.e, the conversion of heavy
fuel in refineries into more useful light products. As a result of such
sophisticated conversion processes, there is an excess of gases produced
(methane and ethane). These must be sold in order to make any sense of the
overall conservation of energy in a refinery since another by-product of these
conversion processes is the heavy residual fuel oil with high viscosity which
has to be treated with valuable 1light distillates in order to make it
marketable.

B. Future trends for energy conservation in refineries

It would be unrealistic to assume that future development in technology
will bring a fundamental breakthrough in energy conservation in refinery
operations, but one can safely assume that present developments will lead to
further incremental savings in energy. The following developments in energy
conservation can be expected to be continually researched and applied:

(a) Reduction of the oxygen content of flue gases;

(b) Improvement in air preheater technology with consequent increase of
furnace efficiencies to over 90%;

(¢) Increase of areas of heat exchangers;

(d) Increase 1in the utilization of gas turbines used especially in
conjunction with furnaces;

(e) Increase in the use of variable speed motors;
(f) Increase of data recording and control in different energy paths;

(g) Increase in the efficiency of insulation especially with the
development of new insulation materials;

(h) Reduction in the use of steam;
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(1) Increase in the preheating of feed water to boilers using waste heat;

(j) Increase in the use of computer applications in control, operations
and simulation.

Figure 33. Heat recovery in a refinery
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Figure 34. Examples of steam and electricity generation
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VI. CASE I: ZARQA REFINERY IN JORDAN

A. Introduction

Zarqa refinery, which is the only refinery in Jordan, has a processing
capacity of around 4 million tons of crude oil per year (around 90,000
barrels/day). The main source of crude oil is either Iraqi crude or Arabian
light, or a combination of both, depending on the availability.

It produces a variety of petroleum products, mainly for the domestic
market, which annually consumes around 2.5 million tons of products per year,
i.e., the current throughput of the refinery is around 60% of the maximum
capacity.

The refinery consumes energy primarily in the form of heat and
secondarily as electric power at the normal current rate of 6,500 T/d. About
15% of this is for electric-power generation and the remainder for process
heat and steam generation.

Figure 35 shows the schematic block flow diagram of the units normally
operating. An inventory of major refinery units is shown in table 4.

Table 4. Major units of Zarga refinery

Major units Capacity T/d

Crude distillation unit 1(CDU1) 3 000
Crude distillation unit 2(CDU2) 2 000
Crude distillation unit 3(CDU3) 7 500
Vacuum distillation unit 1(VDU1) 1 000
Vacuum distillation unit 2(VDU2) 1 100
Fluid catalytic cracking unit (FCCU) 650
Unibon hydrocracker 600
Naphtha hydrocracker 1 300
Kerosene merox plant 1 400
Platformer 1 000
Hydrogen plant 220 knm3/d
LPG recovery plant 225
Asphalt plant (1) and (2) 700
3X HP steam generator each 50
2X HP steam generator each 27.5
2X6 MW turbo-generators
2.4 MW steam turbine generator
Tankage, offsite and utilities system

Source: Bechtel Corp., "Report on energy conservation in industry in

Jordan', 1986.
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B. Brief description of the major operating units of Zarqa refinery

1. Crude distillation unit 3 (CDU3)

This is the main operating unit of the refinery at the current capacity.
It is of a modern design with a capacity of 7,500 T/d (figure 36) with
extensive use of heat recovery from product steams. This unit has the highest
potential for heat recovery from hot flue gases of the fire heater (furnace).

The furnace adsorbed duty is 35 million kcal/hr at throughput of 7,500
T/d with furnace efficiency of about 72%.

The temperature of the flue gas is around 500°C. The crude oil in the
CDU is heated to a temperature of 350°C (below cracking temperature) and
slight positive pressure.

2. Crude distillation unit 2 (CDU2) (figure 37)

Although not operating at the present throughput of the refinery, its
potential for standby or additional throughput is excellent. It has a
capacity of 2,000 T/d and would be a good target for a heat recovery scheme.

The furnace adsorbed duty is 8 million kcal/hr at design capacity of
2,000 T/d with furnace efficiency and stack temperature similar to CDU3.

3. Vacuum distillation unit 2 (VDU2) (figure 38)

Reduced crude from crude distillation units (CDU) is fed into the vacuum
distillation units in order to maximize the production of middle distillates.
Distillate production is maximized by operation at higher temperature (around
cracking temperature of 370°C) but at reduced pressure of about 0.1
atmosphere.

It is common practice to feed the distillates of VDU (light and heavy
vacuum gas oils) into the FCCU and unibon units (these are called conversion
units) to produce lighter valuable products.

The principle process of VDU is similar to that of the GCDU. Energy
consumed is in the form of heat as well as the heat content of the reduced
crude feed coming out at the bottom of CDU at around 320°C.

VDU2 rated capacity is 1,100 T/d and the adsorbed duty of the furnace is
3.5 million kcal/hr, at a furnace efficiency of 70% and flue gas temperature
of 550°C.

4. Vacuum distillation unit 1 (VDUl) (figure 39)

This is the old vacuum unit, which was designed to operate in conjunction
with the presently idle CDUl. It has a capacity of 1,000 T/d and is presently

operating in parallel with VDU2 to increase the feed into the conversion units.

The adsorbed duty of the furnace is 3.0 million kcal/hr; furnace
efficiency is 70%; flue gas temperature is 550°C.
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5. Platforming unit (figure 40)

The platforming unit is a catalytic reforming process using a platinum
catalyst for the conversion of heavy naphtha into high-octane reformate to be
blended in the gasoline pool. The main aim of the process is the conversion
of straight-chain paraffins into cyclo and iso paraffin to increase the octane
number.

At the design capacity of 1,000 T/d, the absorbed heat duty of the four
fired heaters is around 20 million kcal/hr. The average flue gas temperature
is high, around 700°C; consequently the efficiency of these heaters is
around 65%.

Because of the high temperature of the flue gases, it is more appropriate
to recover the heat of the flue gases by installing a waste-heat boiler.

6. Fluid catalytic cracking unit (FCCU) (figure 41)

FCCU is a heavy distillate conversion unit for coversion into lighter
products such as high octane gasoline. Although this unit has an extensive
heat-recovery system and no significant heat input into it other than the heat
of combustion of coke in the regenerator, there is significant heat loss
through the regenerator stack. The stack temperature is around 670°C, but
the flue gases also contain a significant proportion of CO gas which has
significant heat if burnt.

Heat recovery of flue gases and CO gas could be achieved by installing a
waste-heat boiler. However, this would require an additional input of fuel in

order to maintain the combustion of CO gas to maintain a stack temperature of
_around 800°C for waste-heat steam generation.

C. Energy conservation schemes for Zarqa refinery

The only literature available on energy conservation schemes in Zarqa
refinery is found in Aburas, Lloyd and Webster,l/ which is a summary of the
report prepared by Bechtel Co.2/ Both these references give enough data and
information to identify energy-saving measures for the Zarqa refinery. The
measures identified fall under the following general categories:

(a) Schemes to recover heat from fired-heater flue gas by the
installation of air preheaters or waste-heat boilers;

(b) Schemes to recover heat from hot product streams;
(¢) Insulation of tanks;

(d) Other schemes.

1/ R. Aburas, S. Lloyd and M. Webster, "Waste Heat Recovery in Jordan
Petroleum Refinery", HPl, November 1988.

2/ Bechtel Co., "Report on energy conservation study in industry in
Jordan”, 1986.
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1. Schemes already implemented in Zarqa refinery

It was learned from private discussions and communications that the
refinery has already implemented several schemes for energy conservation in
categories (b), (c¢c) and (d) listed above. However, these schemes are minor
compared with those of category (a) as the amount of savings in terms of fuels
are modest. 1In addition, the investments needed were not large, and, most of
all, they were implemented by the refinery authority directly using local
material and human resources:

Insulation of fuel tanks: A total of three fuel oil tanks with 70,000
m3 capacity were insulated with local rock wool. These tanks were heated
using steam to a temperature of 70°C. The insulation energy saving is
estimated to be equivalent to 2,500 Te/year, valued at $212,500/year, and at a
cost of $1.6 million for a total surface area of 9,450 m2.

Improving debutanizer feed preheat in naphtha hydrotreater unit: The
waste heat of the splitter bottom product stream was utilized to heat the
debutanizer feed in addition to heat transferred from debutanizer bottoms.
The fuel savings are estimated at 1,100 Te/year, valued at $93,500/yr.

Installation of soot-blowers at the heaters of VDU2 and CDU3: The stack
temperature of both the heaters reached 550°C due to ash deposition on the
convection section tubes, reducing efficiency to 70%. With the installation
of soot-blowers, the stack temperature was reduced to 440°C, with efficiency
reaching 78%.

Additional steam generation from hot product streams in VDUl and asphalt
plant.

2. Suggested schemes of energy conservation

Since most of the modest-size schemes for energy conservation have
already been implemented, this paper shall concentrate on schemes that fall
under category (a) which involve recovery of the flue gas heat of various
process heaters, through the installation of air preheaters or waste-heat
boilers.

3. Schemes to recover heat from flue gas by installation of
air preheaters and waste-heat boilers

As discussed in chapter IV, section D of this report, the installation of
air preheaters to recover heat from flue gas constitutes the most efficient
and cheapest way of heat recovery. It is estimated that furnace efficiency
could be increased to about 90% by lowering the temperature of flue gas to the
minimum allowed by the dew point of the flue gas (i.e. about 25-30°C). The
ninimum temperature selected for this report is 180°cC.

Scheme 1: Installation of air preheater in CDU3

Capacity of the unit: 7,500 T/d
Heat output of the furnace: 35 million kcal/hr
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Present conditions

Temperature of flue gas: 500°C
Efficiency of the furnace: 72%
Heat input = 35 % 0.72 = 48.61 million kcal/hr....... (1)

After installation

Temperature of the flue gas: 180°C
Efficiency of furnace: 90°C
Heat input = 35 & 0.9 = 38.89 million kcal/hr....... (ii)
Heat saving = (i) - (ii) = 9.72 million kcal/hr
Roughly 5% of this saving will be used for driving air preheater fans
(force drive and induced drive),
i.e., net heat saving = 9.23 million kcal/hr
since 1 ton of fuel oil = 10.1 million kcal
Annual savings in fuel oil = (9.23 % 10.1) x 24 x 330
7,240 T/yr
1 ton of fuel oil = $85
Annual savings = $615,480
Another quick and conservative estimate of energy savings for air

preheatersi/ is to assume a 1% reduction in fuel for every 18°cC
lowering of flue gas temperature:

In this case, the temperature difference is 500-180=320°C,
i.e, 18% savings of fuel

since heat input to furnace = 48.6 million kcal/hr
i.e.savings 48.6/0.18

8.75 MM kcal/hr

6860 T/yr fuel savings

$583,200

1

Equivalent to
or

W

Scheme 2: Installation of air preheater in CDU2

Capacity of the unit: 2,000 T/d
Furnace heat output 8 million kcal/hr

Present conditions

Temperature of flue gas: 500°C
Efficiency of furnace: 72%
Heat output = 8 £,72 = 11.1 million kecal/hr

After installation

Temperature of flue gas: 180°C
Efficiency of furnace: 90%
Heat output 8 £ 9 = 8.89 million kcal

Heat saving = 2.21 million kcal/hr

EMH.

3/ C.L. Brown and D. Figender, "preheat Process Combustion Air", p. 76,

J

/
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Net heat savings = 2.1 million kecal/hr
Annual fuel oil savings = 1,647 T/yr
Annual savings = $139,972/yr

Scheme 3: Installation of air preheater in VDU2

Capacity of unit: 1,100 T/d
Heat output of furnace: 3.5 million kecal/hr

Present conditions

Temperature of flue gas: 550°C

Efficiency of furnace: 70%

Heat input = 3.5 2.9 - 3.89 million kcal/hr
Heat savings = 1.11

Net heat saving in FOR = 1.05 million kcal/yr
Annual saving in FO = 827 T/yr

Annual savings = 70,253/yr

Scheme 4: Installation of air preheater in VDUl

Capacity of unit: 1,000 T/d

Heat output of furnace: 3.0 T/d

Net heat savings = 0.91 million kcal/hr
Annual savings in fuel oil = 710 T/yr
Annual saving = $60,345/yr

Scheme 5: TInstallation of waste-heat boiler to recover heat from flue gas
of the platformer unit

Capacity of unit: 1,000 T/d

Heat output of the 4 fire heaters: 20 million kcal/hr

Stack temperature: 700°C

Furnace efficiency: 60%

Adding waste-heat boiler by cooling flue gas to 180°C will recover
about 10 million kcal/hr, which is equivalent to 10 * 526 2 566 = 9.29
million kcal/hr of MP steam4/

Annual fuel savings = 7,285 T/yr

Annual saving = $619,210/yr

Scheme 6: Installation of CO-boiler in the FCCU regenerator

Capacity of the unit: 650 T/d

Temperature of flue gas for steam generator: 800°C
Additional fuel required: 0.14 T/hr

MP steam generator: 16 T/hr

Heat value of steam: 16 x 526 = 8.42 million kcal/hr

4/ Bechtel Corporation, "Report on energy conservation study in industry
in Jordan', 1986.
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Minus heat value of additional fuel: 0.14 ¢10.1 = 1.41
Net heat savings = 7.01 million kecal/hr

Net fuel savings = 5,497 T/hr

Net savings = $467,240/yr

D. Investment costs of schemes for Zarqa refinery

As indicated in chapter 1II1, section F of this report, the following
formula is used for relating costs and capacity

0.6

Cost (a) = (capacity (a)

Cost (b) capacity (b)
assuming 5% escalation of costs per year.
Aburas, Lloyd and Webster2/ have indicated two important cost indices:

(i) Air preheater for an 11,000-t/d capacity heater at a cost of $1.5 to
$2 million for 1988;

(ii) Waste-heat boiler for 1,200-t/d capacity heaters at a cost of $2
million to $5 million for 1988.

These two cost indices will be used to estimate the cost of investment
for each scheme mentioned according to the following:

Scheme Number Investment cost 1993 (dollars)

1 383 000
625 600
437 200
413 300

3 000 000

2 317 000

aondwn =

E. Economic evaluation of schemes for Zarqga refinery

With the prospective energy schemes having been identified in section C,
including annual fuel savings, and the investment costs for such schemes
identified in section D, these schemes will be evaluated economically in the
present section in two ways:

(1) Payout time (year) = Investment $
Annual Saving ($/yr)

5/ "Waste Heat Recovery in . Jordan Petroleum Refinery", HPI, November
1988.
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(2) Rate of return on investment:

This is estimated from the monogram in figure 5 and parameters in chapter
IT, section I for each project.

(3) A summary of all economic parameters for all the schemes is shown in
table 5.

F. Conclusions and recommendations for Zarqa refinery

A total of six major schemes were identified for detailed technical and
economical analysis; the summary of the results are shown in table 5.

The payout time of these schemes varied between 2.2 and 6.8 years and the
rate of return on investment varied from over 100% to small values. Hence
there is a wide divergence in the choice of projects, which is not unexpected
in economic analyses of such schemes.

One of the most critical factors in the feasibility of such a project is
the cost of fuel and the magnitude of annual savings in fuels. The projects
with the largest fuel savings are the most attractive since payout time varies
between two and five years, which is economically reasonable and acceptable
for such projects (nos. 1, 2, 5, and 6).

The most attractive projects are those that utilize an air preheater
compared to those where waste-heat boilers are selected for heat saving, for
example, heat recovery from flue gas of crude distillation units (CDU), since
these units have the highest capacity of any of the refinery units and their
heaters consume the largest share of fuel used.

If one looks at all these projects as one integrated project for heat
recovery in the refinery, it can be seen that such an integrated project is
also attractive, with payout time of four years and a rate of return of about
27%.

At least four projects are economically and technically attractive and
their order of priority as follows:

(a) Installation of air preheater in CDU3;
(b) Waste-heat boiler to reformer;
(c) CO-boiler to FCCU.
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VII. CASE II: ADEN REFINERY IN YEMEN

The Aden refinery was commissioned in 1954 by the British Petroleum Co.
(BP), which owned and operated the refinery. By agreement, the refinery was
handed over to the People's Democratic Republic of Yemen (PDRY) in 1977. Very
minor investments had been allocated to the development or upgrading of the
refinery since 1967 except for the addition of a vacuum distillation unit, an
asphalt and an LPG plant in 1986.

The original refinery was a simple topping-reforming plant designed to
produce fuel for local consumption. However, the main aim of the refinery was
the production of bunker fuel oil for ships and tankers passing through the
port of Aden since fuel o0il accounted for about 50% of the products. However,
with time and the diminishing importance of Aden as a major port in the area,
the refinery was operated to provide for domestic product requirements as well
as for various oil companies to process their crude against payment of
processing fee.

Because of the age of the refinery, its simple mode of operation and the
lack of investment to update or to renovate as well as the high cost of
operation and maintenance, processing contracts became unattractive to oil
companies and the urgent need to upgrade the refinery became obvious,
especially with the discovery of o0il in Yemen as well as the increase in
demand for petroleum products in Yemen.

The total refining capacity is about 8 million tons per year (about
150,000 b/d); however, the current operational throughput is about 4 million
tons/year, of which approximately half is under processing deals.

The refinery has no conversion capability and it has been reported that
major modernization and upgrading programmes are still under consideration,
which could make the refinery more attractive economically for international
processing deals.

A. Brief description of major process units of the Aden refinery

Figure 42 shows a block flow diagram of the refinery in its present
status. The units of the refinery produce the following range of products:
Motor gasoline, kerosene, aviation fuel, light distillate feedstock, diesel
oil, fuel oil, asphalt and small quantities of LPG.

1. Crude distillation units (GDU)

There are two identical, two-stage crude distillation units, each having
a capacity of 3.5 million tons/yr, with integral stabilizers which separate
the feed crude oil into eight primary products. Boiling ranges are selected
to permit the production of specification products by blending.

2. Vacuum distillation unit (VDU)

This unit, which is of relatively recent design, is capable of processing
500,000 tons/yr of 345°C TBP (true boiling point) and heavier residue from
any of four Middle East crude oils to produce vacuum residue, after additional
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processing, for sale as asphalt as well as premium grade vacuum gas oils (VGO)
suitable for FCC feedstock. Provisions are also included to recover the
contained diesel boiling range components as a separate product.

3. Platformer
This unit has a charge capacity of about 600,000 tons/yr of heavy and
medium naphtha cuts, for conversion into 90 octane reformate for gasoline

blending.

4. Solutizer treating units (No. 4 units)

For removal of mercaptans from light straight-run gasoline to improve
odor and lead response of finished gasoline. The capacity of this unit is
about 300,000 tons/yr.

5. Copper chloride treating unit

Four fixed copper chloride wunits sweeten" lighter products in
conjunction with the solutizer units.

6. Sulphur dioxide (S0,) extraction unit

An SOy unit is available to improve the burning quality of premium- and
regular-grade Kkerosene. It also produces extracts as a component for the
autofiner unit. The raw kerosene from distillation units is treated with
liquid SO, to remove components which have poor burning properties (capacity
400,000 tons/yr).

7. Autofiner unit (capacity 100,000 t/y)

This unit removes sulphur from gas o0il and kerosene treatment plants.
The feed to the autofiner is a mixture of naphtha, Xkerosene and 50,
extracts. The feed is desulphurized with improved properties. The finished
product is tractor oil (T.V.0).

8. Caustic washing system

Eight systems of caustic wash with total capacity of 1 million tons/year
are available (four systems on each CDU). The function of caustic wash is to
remove organic acids and some sulphur compounds in order to improve the color
and odor of primary products prior to further finishing treatments.

9. Asphalt unit

This unit has a capacity of 0.5 million ton/yr of blown asphalt.

10. Refinery steam and electric power plants

The refinery has a steam power station. This plant supplies electric
power, process steam, distilled water and cooling water to the refinery. The
power plant has three 7.5 MW turbo-generator units (plus a 7,800 kW diesel
stand-by unit), four boilers having a combined capacity of 73 tons/hr of steam
of 40 kg/cm3 and 400°C.
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B. Renovation plans of Aden refinery

The existing facilities of the Aden refinery are nearly 35 years old. 1In
order for the refinery to have a modern refining configuration capable of

producing quality products economically and for it to be competitive in the

international processing market, a renovation plan has been proposed, since
the continuation of present refinery operations will increase maintenance and

repair costs with time.

Furthermore, some of the existing refining units which were selected
prior to construction in 1954 are technically and economically out of date and
are not suitable to meet the product specifications required in the current
domestic and international market.

The

renovation plan under consideration foresees two phases of

development as follows:

Phase 1: Energy conservation and improvement of product quality;

Phase 2: Improvement of the refinery utility system and hence further
reduction in operational costs.

The renovation plan will involve the following major items with the aim
of upgrading product quality and reduction of costs by means of rehabilitation
of older units and facilities and the utilization of new units as well as .
replacement of outdated units with modern units:

(a)
(1L
(ii)
(iii)
(iv)
(wv)
(b)

(1L

(ii)

(iii)

(iv)

(v)
(vi)

(vii)

Closure of existing units due to age, inefficiency or obsoleteness:

™~

SO, extraction units
Solutizer units

CuCl, sweetening unit
Autofiner units
Power station;

The construction of new units to replace closed units:

Naphtha hydrodesulphurization unit (HDS) of 6 million ton/yr
capacity;

Gasoline Merox unit, for removal of mercaptans and for sweetening
(improvement in odor and color), 700,000 ton/yr capacity;

Kerosene Merox unit, 1 million ton/yr capacity;

Light gas oil hydrodesulphurization (LGO HDS), 1.2 million ton/yr
capacity;

Hydrogen plant;
Gas treating plant (5,000 Nm3/hr);

Sulphur recovery plant (46 ton/d);
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(viii) Control rooms for units and central;
(ix) New power station:

Boiler (125 ton/hr x 3)
Power generation (10 MW x 3)
Diesel engine generator (1,800 kW)

(c) Rehabilitation and replacement of the following units:

(i) Crude unit heater replacement;
(ii) Air cooler installation for crude unit overhead condenser;
(iii) Crude charge pump replacement;
(iv) Reformer catalyst replacement;
(v) Reformer heater replacement;
(vi) Reformer stabilizer modification;
(vii) Heater modification for vacuum unit;

The renovation plan will basically replace or modify most units of the
refinery, but no additional conversion capacity is installed, i.e. no FCCU or
other modern conversion units are included in the renovation plan. The
configuration of the refinery after the implementation of the renovation plan
is expected to be as shown in figure 43.

C. Energy saving schemes in Aden refinery

As explained previously, the Aden refinery is undergoing major
renovation, hence individual schemes for energy conservation do not have the
same meaning as compared, for example, to the schemes for the Zarqa refinery,
since the latter is an established refinery with relatively modern units and,
most important, it has been modified and upgraded continuously since its
commissioning.

In the case of the Aden refinery, the concern is with major
upgrading projects which deal with replacement of complete processing
units or the overhauling of older units. Hence, individual identifications

of energy saving schemes are meaningless since: (a) if the refinery were not
renovated, then energy schemes would not add to fuel savings because the
overall inefficiency of the heat balance of the refinery would not be
affected, and (b) if the renovation plans were implemented, then one
would presume that energy saving schemes would be incorporated into the new
design.

Nevertheless, some schemes can be identified and considered which are
expected to be incorporated into renovation plans or could be incorporated at
a later stage. These schemes are:

Crude unit heater replacements
Rearrangement of heat exchangers in CDUs
Modification of reformer heater
Rearrangement of reformer heat exchangers
Insulation of fuel oil tanks

Replacement of the power station
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It must be re-emphasized here that because of difficulties encountered in
obtaining specific data on the performance of the proposed new units, the
computations for energy savings and their economic evaluation are as
dependable as the assumptions used but are within the acceptable limits and
give the right order of magnitude. 1In addition, as explained in chapter VI of
this report regarding the Zarqa refinery, some schemes cannot be evaluated
technically without proper and actual technical, operational and energy audits
of the refinery process and utility units, where actual data are monitored and
measured. Hence, for such a scheme only qualitative ideas will be suggested.

1. Quantitative energy saving schemes

(a) Scheme 1: crude unit heater replacement

There are two identical crude distillation units, each with a capacity of
10,000 tons/day. The old heaters are to be replaced with new crude o0il charge

heaters complete with air preheaters and other accessories such as forced and
induced fans, stack and central and monitoring equipment.

The specification of the new heaters are as follows:

Crude oil charge: 10,000 ton/day

Inlet temperature of crude: 210°C

Outlet temperature of crude: 340°0C

Weight percentage vaporization of crude: 60%

Heat adsorbed duty for such conditions:1’/ 50 million kcal/hr

Energy savings:

Existing heater New heater
Absorbed duty: 50 50
Assumed excess air: 25% 20%
Furnace efficiency: 70% 90%
Stock temperature: 5000¢C 180
Fired duty of furnace: 50:0.7 = 71.4 50:0.9 = 55.5

(mm kcal/hr)

Savings = 71.4-55.5 = 15.9 million kcal/hr
1 ton of FO = 10.1 million kcal

Savings = 1.574 ton/hr
Annual savings = 12,468 ton/yr (per unit)
Annual savings= $1,059,780 (per unit)

(b) Scheme 2: modification of reformer heater

There are two major schemes for recovery of heat from the flue gas of
reformer units:

Installation of air preheaters
Installation of waste-heat boilers

1/ W.L. Nelson, Petroleum Refinery Engineering, p. 414.
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Since the renovation of the Aden refinery includes the replacement of the
refinery's powerhouse, the installation of a waste-heat boiler is not a
priority and the obvious choice will be the installation of an air preheater,
which requires lower investment cost and, in any case, is more efficient as a
scheme for heat recovery.

The capacity of the reformer unit is 600,000 tons/yr or 1,800 tons/yr
Temperature of the flue gas: 700°¢C

Absorbed duty of heaters: about 30 MM kcal/hr

Furnace efficiency: about 60%

With the installation of preheaters:

Temperature of flue gas: 180°cC

Furnace efficiency: about 90%

Fired duty of heater without air preheater: 30 £ 0.6 = 50

Fired duty of heater with air preheater: 30 ¢ 0.9 = 33.3

Savings in energy = 50-33.3 = 16.7 million kcal/hr

Since 5% of this energy will be consumed in air preheater blowers
(forced and induced)

The net savings in energy = 15.95 million kcal/hr

The savings per year of fuel oil = 12,430 tons/yr

The financial savings per year = $1,056,500

(c) Scheme 3: installation of fuel oil tanks

There are the following fuel oil tanks in the refinery:

old tanks (5) 44,500-ton capacity or 49,500m3
New tanks (1) 30,000-ton capacity or 33,300m3
Total (6) 74,500-ton capacity or 82,800m3

The tanks are 32.2 m in diameter and 17 m high, i.e. a total surface area
of 10,302 m3.

In order to maintain the pumpability of the fuel oil, the temperature in
the tank should be kept at about 75°C:

Heat loss of uninsulated tanks is 4.685 million kcal/hr
Heat loss of insulated tanks is 0.349 million kcal/hr
Assuning 60% of tanks are full:

Then savings in heat loss: 0.6 (4.685-0.349)
= 2.6 million kcal/hr
or = 0.257 ton of fuel/hr

Annual savings of fuel = 2,039 tons
Annual financial savings = $ 173,300

2. Qualitative schemes of energy savings

These schemes will only be mentioned here to show their significance in
energy conservation:
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(a) Heat exchanger modification for CDU and reformer units: it would be
impossible to give a quantitative assessment of such a project given the
present status of the refinery. The pProject can only be evaluated properly
when complete heat and energy audits are undertaken during the design process
of the renovation plan;

(b) Replacement of the powerhouse of the refinery: in strict terms, this
is not an energy scheme as much as a major renovation project.

D. Investment cost of schemes for the Aden refinery

The same methodology as in chapter VI, section D will be applied:

Scheme 1: Crude unit heater replacement

The Bechtel report2/ indicates a cost of $1,633,000 for a 3,000 t/d
capacity unit in 1986. The equivalent cost for a 100,000 t/d unit in 1993
prices is $2,300,000

Scheme 2: Reformer heater modifications

With a capacity of 1,800 t/d, the cost of such a unit will be around
$600,000 (see table 5).

Scheme 3: Insulation of fuel oil tanks

There are many ways of insulating tanks, depending on the type and cost
of the insulating material. However, the same parameters used in the Bechtel
report will be used to estimate the cost of the insulations which shows a cost
index of $120/m3 of surface insulated. With a 10,302 m2 surface area, the
cost of insulation is $1,250,000.

E. Economic evaluation of schemes for the Aden refinery

Similar treatment of data for the Aden refinery as those for the Zarqa
refinery shown in chapter VI, section E is used for payout time and rate of
return. Table 6 provides a summary of all economic parameters of the schemes.

F. Conclusion and recommendations for the Aden refinery

Were it not for the peculiar situation of the Aden refinery, one would
draw conclusions and recommendations from the analysis of the results of the
economic evaluation of the energy conservation schemes suggested earlier.

There are plans for major renovation and rehabilitation of the Aden
‘refinery which, although still under consideration, will have to be
implemented sometime in the near future. The refinery in its present
condition cannot continue operating indefinitely, as rising maintenance and
repair costs, not to mention obsolete processing units and inferior product
quality, will render future prospects very bleak indeed.

2/ Bechtel Corp., "Report on Energy Conservation Study in Industry in
Jordan', 1986.
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All the schemes suggested are economically viable, except for the
insulation of the tanks where the cost of investment is high. For insulation
operations, however, the costs tend to go down steeply due to the prospects of
using local materials and labour since no special technical requirements are
warranted.

In conclusion, individual conservation schemes are of no use to the
refinery in its present status. What is required, sooner or later, is the
implementation of the renovation plan. However, it is obvious that the delay
in implementation is due to lack of capital for such a plan which could run
into the hundreds of millions of dollars.
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