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BRIEF ABSTRACT 
============2= 
In gas and refinery industry of Egypt the most 
potential objects are to conserv• energy are 
-Furnaces by means of flue gas quality control, air
preheating, insulation, use of non sulphuric fuels 
-Heaters by maintar.ing their efficiency good ,applying 
high qualit~ feedwat~r, cleaning <off/on line> and 
cascading energy flows correctly 
-Electric systems by applying frequency converters and 
improving the power factor individually or in plant 
scale 
-Automation by optimized quality central, special 
instruments CIR, 02>-analyzer, start-up automation. 
This is often an inexpensive method. 
-Low quality heat re~overy by vacuum evaporation to 
prepare high quality process water 
-Solar systems have few ecomically viable applications 
in petroleum industry 
-Cambi/co-generation ·of steam ano electricity is an 
important energy conservation potential in company and 
national level. Inv~stments about 600-800 USO/kW. This 
promotes the fuel efficiency 407. to 807.. 
-Optimized relia~ility since run downs result in losses 
of the process latent heat. 
-Application of right materials since this is often the 
constraint when trying to conserve energy. 
-Preventive on corrective m~intanance have potentials 
to conserve energy. 
A cautios estimate is that nearly 70"M USO/a can be 
saved and the return on investment varies 0.5 .•• 5 
{ears. Fastest results are obtained if concrete energy 
saving projects will be started in e~isting refineries. 
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1. INTRODUCTION 
z===•z=s•:ra::a 
Egypt"& one main source of energy is oil and gas and 
the known resources are esti•ated to last the ne~t 15 
years unless new discoveries will appear. Oil is one 
major item for •xports and the country needs urgently 
foreign trade because of the rapid process o-~ 

·industrialization. Energy conservation promotes this 
objective, although the domestic prices of energy are 
only 30 7. of the current world market price. 

The present production level is 40 Mtons/a and the 
production of gas is increasing. About 19 Mtons/a are 
refined i·n Egypt and therefore there is a potential to 
increase the refining industry and to export refined 
products instead of crude. Egyptian crude is rich in 
sulphur which tenos to decrease its value. Complete 
sulphur removal makes oil fuels incompetitive. The 
harms are reduced efficiency.as fuel, environmental 
pollution and more inconvenient for further refining as 
rawmaterial for petrochemical industries. 

Natural gas has the merit ;.o be nearly sulphur free and 
it is therefore better for combustion and as 
rawmaterial. It is inconvenient to be exported and 
therefore domestic uses are vital. The gas production 
is growing in the near future because of new 
discoveries. 

Energy conservation yields ~ringe benefits if correctly 
done like 

-reduced pollution 
-investment savings through lighter pieing eg. 
-reduced maintenance eg. heaters or electric 

motors run by frequency converte~s 
-~tilization of low quality heat may prcd'"'ce high 
quality water for com~unities 

-it does not necessarily harm tne domestic pr1ci~g 
policy of energy, it is a te~hnological means 

-energy conservation imp.-oves often the quality of 
products eg. improved level o;: automation 

Petrochemical industry is a major enargy conaum•r 
although it produces energy. 2-10 'l. is burnt depending 
on the l•vel of refining. There is a number of means 
and process equipment wh~re energy conservation is 
justified. The most ~otential areas in petrochemical 
industry are 

-furnaces, heaters, electric: drives, co-gener·ation 

It is estimated that ~ 'l. of the total crude ~s burnt ie 
0.9 Mtons in Egyotian refinery industr~'· By fairly 
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straightfoward methods 10 i. of this amount can be 
conserved ie. 0.09 Mtons/a. If this is converted into 
US dollars it means 17 M USO/a. One has to invest to 
obtain this conservation. In most cases the return of 
investment is less than 2 years. There are also cases 
where the return on investment is too long and 
therefore the ROI analysis is always necessary at a 
certain level. There might be some inaccuracies, 
because invitation of bids is sometimes too tedious to 
make correct estimations. One is often satisfied with 
rules of thumb to obtain a sufficie-~ estimation. 
However, this estimation is always to be carried out 
although less accurate. 

Energy conservation is pos3ible when designing, 
operating or m~intaining plants. When handling energy 
savings are possible in various phases like 

-generation 
-transmission 
-consuming 

Enppi·s role in this matter is to design energy 
efficient systems. This is an important phase since 
process changes afterwards are costly because of 
investments and outages when the latent process heat 
and production is lost and changes in this phase tend 
to be timeconsuming and tedious. However, upgrading 
existing processes is an important potential also for 
Enppi's ar.tivities. It is necessary to remember that 
energy conservation . finally takes place in the 
processing plant after all. Enpri's role is to provide 
options for this. 

There is no unique method to consprve energy. Instead 
there is a number of methods and a certain philosophy 
is to De assumed.Energy has quality in addition to 
quantity although the existing SI units poorly observes 
this feature. To develop this philosophy the concept. of 
available energy has been introduced called sometimes 
exergy. Preparing exergy flow diagrams for process 
plants one is able to locate in detail the energy 
conservation potent1als. This is also an illustrative 
method. because of graphical approach. This is a more 
advanced method than the conventional energy balances, 
which are suffiecient in some cases. One has to realize 
that recovery of only available energy is worth 
consideration, when there is some value left and it is 
good for other purpo~es. This automatically leads to 
the correct energy cascading principle. The exergy 
concept does not replace the ROI calculations, on the 
contrary i~ ~omplements. 

The exergy principle maybe at first sight abstract and 
therefore che conventional energy balances can be used 



parallelly. This concept,however, provides a powerful 
means to calculate efficiencies uniquely and balance 
limits can be selected flexibly. This justifies this 
approach. It is applicable for existing and new plants. 
It gives a goad ir~ight of the energy consuming or 
generating .process~s.It was first intoduced by Z.Rant 
in 1956. 

• 
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REC:GMMENOATIONS 
=============== 
A detailed 
potentials 
option has 
the growing 

feasibility study on co-generation 
in existing and coming refineries. This 
national interest 1n the short run to face 
demand of electricity. 

Automation seems to be the least e::pensive method to 
save energy. Fast results may be obtained in existing 
refineries. Furnace controls and on line product 
quality contr~l are clear potentials to be started 
with. One shc~ld be - ensured that the basic 
instrumentation is sufficient to monitor the 
performances of essential process components. 

Gas should replace fuel in order to promote oil exports 
in Egypt. Gas h~s certain merits <low 5-content> 

Feedwater quality survey and its impact on heater 
performances. 

Preparation of detailed Sankey diagrams <available 
energy principle> for coming and existing refineries to 
locate energy conservation potentials. 

Feasibility study of the fitness of multiflash vacuum 
desalination technique for existing and new refineries. 
The potentials are evident. 

Increased application of freque~cy converters instead 
of choking flows. 

Training of Enppi's people abroad with clear objectives 
eg. study of preheater materials to lower the final 
outlet temperature or application of automation to 
conserve energy. 

Developing preventive and corrective 
techniques to conserve energy. 

maintenance 

Application of power factor-control in refineries. 

Feasibility study on what are Egyptian potentials to 
produce energy conserving equipment. 

To start a selected project Ceg. furnaces> jointly with 
refineries to get real results and training 1n energy 
conservation. E}:amples of activities are anne~:ed. 

Enppi's organi:ation can be developed sue~ that energy 
conservation is more clearly observed. 

Enppi could start training refinery people on energy 
conservation. 
Computers can be successfully used to prepare Sankey 
diagrams or to calculate efficiencies at Enpp1. 

Energy conservation should be activated in all feasible 
areas as 

-automation 
-maintenance 
-process design Cheaters,~ip1ng,boiler3,etc> 

In •ddit1on to tr~1nin~ at Enppi it should get involved 
a real energy saving project 1n some ex1st1ng plant. 1n 
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3.ACTIVITIES CARRIED OUT 

Seminars were given in workshops and selected 
items are included in the appendices. The items 
followed the prior?ti~s in accordance with the 
initial program an~ they were 

-furnaces 
-exergy principle 
-inverters for electric motors 
-dew point of sulphuric acid i~ flue gas 
-heater efficiency calculations 
-power factor central to save energy 
-co generation of steam and electricity 
-on-:ine optimization 
-energy conservation by aut~mation 
-Sankey diagrams 
-02-control of fluegases 
-IR-technique to locate heat leaks 
-potentials of solar systems 
-vacuum desalination concept exploiting 

low quality heat 
-realiability for energy conservation 
-computerized compressor control 
-dyna~ic modelling of heaters 
-retur.i on investment calculations in ener."y 
conservation 

These items were furnished by suitable 
examples.Computer programs were prepared on the 
following items 

-ROI calculations.for air preheater 
-flue gas ca.nposition as f•tr ;~ion of 02 7. 
-heater performance as funr-·.ion of LMTD 
-efficiency c.dculations based on exerg·,r 

fo· heaters 

A visit to the Sue: desalination plant and a short 
report of observations is included 

In Alexandria seminars were given and discussions 
were en energy conservation with selected people 
from the local refineries. The annexed material 
illustrates the items discussed. 

Material was left on 
-exergy principle 
-frl•quency converters 
-~o~~r factor compensation 
-b

8
u1lers and materials 

- ankey dJagrams 
-heater erf1ciency calculations 
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.i. ENPPI 
====-= 
Enppi is the engineering 
petroleum industries and 
a=t1vities are 

company for procpss 
is established 1978. 

general and detailed process design 
orocurements in investment projects 
~reject cortrol and management 
electric, i nstr1.:ment and mechanic design 

Enppi is owned by Egyptian oil comp•nies and the state 
The functional idea is to provide project ~anpower and 
design procedures for F.gyptian a;id later to foreign 
clients. The need of these services is evident in cgypt 
since the petrochemical industry is rapidly growing and 
activities can be extended to other related process 
industries. 

A number of Enppi ·s engineers has received training in 
the USA, -Japan and Europe. Therefore they are familiar 
with many modern design procedures and they are 
constantly developing new ones. Also Enppi has had co
operation with some American and European design 
companies which promotes Enppi"s ~apabilities. Enppi 
has about 12 personal computers <IBM and Vecto~> and an 
option a bigger one <IBM 4300 series> and is 
discussi. an own mainframe now. Also CAD and 
computerized project management methods are under 
consideration. Enpp1 has ,~e computer based project 
time control in use. New computerized project control 
methods are under discussion and nowadays it should be 
a multiuser package. Computerized ~ender lists partly 
exi~t. Linear programming is a known tool to optimize 
the petrochemical process. Static simulaticns for 
various processes have been performed. All this 
descri~es well Enppi"s desire to be a modern 
engineering enterprise. 

The refineries designed for Egypt have been joint 
ventures with an outside partner so far. There are 
caming prujects like the Assiut refinery <2 Mt/a> and 
the Suez expansion and the Tanta revamping 'nd the Abu 
Shannan gas pipe where Enppi will perform more alone. 
This is a sound obj~cti~e in general, since foreign 
manpower also burdens Egypt's foreign bala~ce. 

Enppi has about 290 employees and is organ1=ed as 
follows 

President Dr. El-Rifai 
Chemical dpt Mr. F. Youssef 34 emp. 
Electrical .. Mr. M. El-Sayed 14 
Piping .. Mr. Aff ia 72 
Instrumentation Mr. M. El-Sayed 1.-'J .. 
Project. - dpt Mr. s. Bahqat 15 " -Computer Mr. s. F&,hmy 15 "adm.dpt 
Construction dpt Mr. s. H•ssan 17 
Civil " Mr. M. St"1aban 31 " 
Administration dpt Mr. A. Alaktash 73 
In addition there are about 150 n,,n technical people. 

Energy conservation activities took place mainlv in 
chemical, electrical and instrumentation departments 
and people invc...lved are listed 1n the appendi;: 8.7 . 

.... 
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5.ENERGY CONSERVATION AT ENPPI 

Enppi is 
favorable 
efficient 
upgrading 
contribute 

a design company. The~efore it can create 
conditions to conserve energy. Energy 

process design i5 a powerful tool, since 
afterwards is often very costly Enppi can 
energy conservation in the following 

-preoptimi%ing process component efficiencies eg pumps, 
blowers, heaters, furnaces, distillation towers etc. 

-preoptimizing th~ overall efficiency and heat recovery 
by cascading correctly the energy flows 

-designing water trea~ment such that min1~i=es the make 
up needs and scale formation 

-in electric drives use of speed control when choking 
occurs eg in case of flow control and about 107. of the 
electric drives are good for this purpose. Power factor 
can be improved, too. 

-designing co/combigeneration systems or to take ir.to 
account this option for possible later actions. At 
least this is always worth a feasibility ~tudy when 
revamping or building new units. 

-designing automation systems that optimize production 
within tol,rable spec. limits and applying advan~ed 
sensor tech1;ology <02-sensors, gas chromatographs> 

-correct dimensioning, insulation optimization, piping 
with ~inimal pressure losse~ 

-reliability engineering cab be applied in petroleum 
industry to reduce the number and outage time. This 
technique is widely used in aviation and nuclear 
industry. 

-developing performance indices and to make sure that 
monitoring is possible either manually or on line by 
de~,igning sufficient instrumentation. Reference values 
can be given for these figures. 

-training operation and maintenance people 

-performing ROI analysis of various energy conservin~ 
'ctions, since in some cases tha investment is not 
justfied ~lthough energy is conserved 

-develc~ing methods to prepare energy or exerqy flow 
diagrams to locate energy saving potentials. 

-special tach1.iques can be used like simulation to 
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analy=e transient situations since en~rgy is lost due 
to rundowns and pro~pt start ups tend to conserve 
energy. The transient situatior.s are the most difficult 
to control. The steady state is seldom problematic. 
Commissioning time of the plant can be r~duced by this 
way, too 

The above applies fer existing and coming units. 

Energy conservation must be recognized in all levels, 
but also a special group or unit, which is specially 
responsible for energy matters may be worth 
consideration or this responsibility can be taken 
within the departments. These peopl~ are obliged to 
follow the general progress of energy technology eg 

-desalina~ion techntques 
-computer methods <CAD for Sankey diagrams> 
-organic r~nkine cycles 
-low quality fuel combustion <floating beds, 
pyroflows> 

-solar technologies although not yet very viable 
in petroleum industry 

-use of phase changes to conserve or sto~e energy 
Enppi qualifies in many regards. The development is 
question of priorization. Enppi·s first objective is to 
perform billable work. Energy conservation should be 
included in this, else this concept suffers. Product 
development is necessary in this regard. It is also 
important to get a reference project with some client. 

Enppi may suffer from the lack of feedback of existing 
plants, how the energy conserving actions work in 
reality. This is important for motivation reasons and 
to improve the techniques by experience. CQ-operation 
between refineries and Enppi will remove this pro~lem. 

Enppi·s ma.tor fields like chemical-, process-, 
electrical-, piping- and automation engineering can 
provide positive contributions fo~ energy conservation. 
Enppi can provide these services on chargeacle basis. 
The Sankey diagrams <computeri=ed> could be one 
service. 

Enppi ha capable people to perform the items above and 
capacity to develop energy conserving techniques 
further. The condition is, however, that energy 
conservation is recogni:ed ~nough at Enppi and their 
clients. 

In the near future the following acc1ons can be taken 
at Enppi 
-to develop standard routines to save energy <Sankey 
diagrams>, efficiency optim1zar1on etc. 
-to study all electric drives good for a fr~quency 

converter 



-to standardize efficiency calculations based eg. 
the exergy or available energy principle 
-to optimi~e t~~ outlet temperatures of furnaces 

on 

-feasibility studies on the backpressure power 
generation 
-to ensure that optimal insulation is u5ed 
-to improve ~he return of investment analysis and 
co~puterize the most common cases e heaters 
-to check that energy use monitoring is possible 
existing processes by proper instrumentation 
auditin~ purposes 

to 

in 
for 

The m~terial left at Enppi and the seminar material 
will give guidelines for this. To a certain extent 
energy ~ons~vation has been already observed at Enppi 

·so many methods need only im~rovements. 



6. PRESENT SITUATION OF ENERGY CONSERVATION IN EGYPTIAN 
REFINERY INDUSTRY 
z===============z====z~===============•==z==•==•=~==~== 

The e~isting Egyptian refineries date from the time 
when little attention was payed on energy conservatior.. 
From now on more systematic energy conservation will be 
assumed. Typical features for the present situation are 

-insLlation can be better opti~i=ed 
-very few variable speed drives 
-no air preheating in furnaces 
-1 i ttl e or no power facto!" control 
-co- and/or combigeneration does not exist , 
-gas turbines work without flue ga& cooling 
-not until now systematic energy bal•nces 
are prepared, these diagrams do not exi~t 

-feedwater is only handled by softening ch~micals 
-power~uts may cause outages several times a year 
-automation has been little exploited to conserve 

energy 
-there are potentials for better cascading energy 
flows by detailed energy <exergy) analysis 

-low quality heat is totally w3sted 
The items above describe that energy conservation is 
starting in Egypt. The overall attitude is positive. 
The energy pri~ing policy has so far little encouraged 
to positive ~nergy conserving actions, but now there 
have been nominated energy responsible persons for 
major process plants. Energy conservation is now 
looking for the way and organi=ation to become real. 
Energy audits will be soon started in Egypt <El Tabbin 
Institute>. In the Suez refirery a significant energy 
corserving action was carried out by an expert from the 
University of Cairo recently. 

All symptoms indicate that soon many things will take 
place. However, the following is necessary 

-clear organi:ation for national aims 
-organized training 
-technology transfer 
-systematic survey of the present situation 
-clear policy to promote cogeneration potentials 
-possibility to see selected energy conservation 
references since positive examples exist 

-it is important to start an complete a energy 
conserving model project in Egypt as ·a good 
example. Enppi can contribute this activity 

It is worth noting that Enppi's possibilities are 
limited although important since energy is conserved in 
the refineries.The industrial sector and authorities 
<electric and industry> should fix the procedures for 
the items above, before positive results can be waited. 
5Jme adions have been taken ~lready. 
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7. SUMMARY ~ND 065ERVATIONS ==-====================== 
The most promi,ing things to conserve energy and items 
to do •re as follows 

==-===== 
About 1.5 ••• ~% of crude is burnt in the refin~ry itself 
depending on the degree of refining. Therefore the 
furnaces form a very potential object to save energy. 
In Egypt now about 18 Mtor~s/a of oil are refined and 
about 0.5 Mtons are burnt. The savin~ potentials are 

-Reduction of the flue gas temperature to 140 •• 190 deg 
C depending on the sulphur content of the combustible 

-The Zr02 oxygen analyzer is recommendable possibly 
supplemented with a CO analyzer. This reduce~ the 
unburnt part and the absence of 02 tends to reduce high 
and low temperature corrosion and pollution. Energy is 
saved also because of more com~lete combustion. This 
analyzer is fast and requires little maintenance. The 
airfeed could be directly controlled by this signal. 
Also a model of the firing power can be developed. 
There are many reported successful experiences of this 
approach. Kent, Bailey, Combustion Engineering provide 
these analyzers. Evan it may be worth having two to 
ensure the correct signal, which should control the air 
blower speed rather than the-throttling damper. This 
approach improves the burner performance completing the 
combustion if atomizing or •ir/fuel mixing is poor. 

-Air preheating is one means to reduce the flue gas 
temperature. Also air coolers could prcvi~e the air but 
the feasibility of this approach is to be analyzed. 
There are reported ~xamples. Special materials are 
necessary if the final temperature is much reduced 
below 190 deg C like enamelling or cast iron, which 
tends to increase the costs. There is no unique 
solution for this problem. It must be analyzed 
individually for eac~ case. Also there is universal 
discussion on the correct procedure. 

-The residence time of gases, air inje:tion, 
insulation, sooting, blowdowns and the temperature 
distribution are other pot~ntials to conserve energy 

The saving potential can be as much as 10 7. of the fuel 
consumption, which means 0.05 Mtons corresponding 9-10 
M USO/a. The investment is 3-6 M USO ie the return of 
i~vestment is < 1 year. The furnaces are to be •nalyzed 
ststematically allov•r in Egy?t. This procedure is also 
good for other process industries. 



7.2 Heaters 
=z===== 
In petrochemical industry the proportion of thermal and 
mechanical energy is about 10:1. Therefore the 
performance of heaters forms a major factor in ener~y 
conservation. The things to be considered are 

-Fouling, 5Cale f~-mation, leaks, poor insulation wrong 
sizing, blocking, poor cascading, sooting, blowdowns. 
Furnaces form one important type of heaters and 
therefore the phenomena are closely related. 

-The heaters are to be analyzed together including the 
p~mping energy the find an objective picture. The 
problem is not minimizing the heater $Urface, since at 
the same the sizes of pumps tend to grow. Generally the 
bigger heater is often optimal. 

-Performan=e figures are suggested for heaters to 
monitor their performance and it can be based on audits 
or on a computerized system. The LMTD and the flow 
resistance are often good enough indicatora. 

-The ~eedwater quality is one vital factor in case uf 
water or steam. The good quality reduces maintenance, 
wearing, maintains their capacity, extends the life 
time and reduces outagPs, which all positively 
contributes energy conservation. A general survey of 
feedwaters in refinery and process industry is a highly 
recommendable action to conserve energy. Presently the 
feedwater is only softened by aluna, flocked and gas 
removal is done. The low quality heat is good for 
relatively high quality fee~water preparation, which is 
else difficult to be exploited. The reduced heater 
performance definately increases energy demand or 
decreases the production capacity. 

7.3 Performance figures 
==============~===a 

Energy and exergy Czavailable energy> diagrams are 
necessary to see the performance of individual 
components and these can be integrated to get an 
overall picture of the energy flows and economy. A 
graphical approach is far more illustrative and 
therefore recommendable. It is worth doing for existin~ 
and coming refineries. Computer aided design can be 
applied for thi• purpose. The exergy concept provides a 
powerful approach to calculate e~ficiencies, whtch 
should be compared the the following three levels 

-Design-, initial-,real 
timedependent variable, 
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operation or is good for outage planning. This is an 
important concept to be understood in order to ex~loit 
the performance figures. 

basis for 
design and 
The e}:ergy 

The performance figures provide a 
computeri~ed performance control. The 
initi~l values are used as references. 
efficiency is a universal approach for 
equipment Cvalves,pumps,fans,motors etc> 

all process 

7.3 Co-/combigeneration of steam and electricity 
:s=z=z=======================z=~=======~=~== 

This concept has been &ccepted glob~lly where energy 
matter~ are of concern. It does not require much fuel 
to upgrade the steam such that reduction through 
turbines is possible. The quality of feedwater must be 
better than it is now often. The merits of this option 
are evident 

-An alternative electric supply contributes the 
availability of the plant. 

-The generation cost of electricity is advantageous. 

-The necessary process steam can be bled from the 
turbine or the back pressure concept is good. 

-The hot standby boilers will be in useful use. The 
steamsupply is ensured by increasing the number of the 
boilers. Reducing the number of outages is an efficient 
way to conserve energy. Therefore the reliability 
concept is to be included i~ the process design. This 
justiiies the multiboilgr and - turbine concept with 
several steam headers. 

-The fuel is already present at the refinery ie 
transportation is avoided. 

-In the short run this is the alternative to ensure the 
growing demand of electricity, since eg building a 
nuclear unit will take 5 year~ minimum and it would 
supply only the ba~e load and hence reserve capacity is 
necessary. The hydro resources are nearly exhausted in 
Egypt. The sites next to th9 refineries seem to be the 
best place to build power stations. This concept 
requires co-operation between industrial and electric 
sectors. Even with subsidized prices this concept is 
competitive. 

-The gas turbine can be added and then the overall 
efficiency will be improved. However, the plant must 
not trip in case of gas turbine failure. The organic 
Rankine process can r•trieve the flue gas energy of 
alone gas turbines operating in an isolated place short 
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of water. There are reported exampl~s. The gas turbine 
is apt to hig• temperature corrcsion because of 
vanadiumpentoxides and therefore the exces& air is 
abundant to cool it. Also this is the reason why the 
flue gas can be conducted directly to a waste heat 
boiler with make up fuel. This concept is under 
discussion in Egypt. 

To build thi~ kind of capacity costs 500-800 USD/kW 
depending on the size and type ie eg a 20 MW unit 
would cost 10-16 M USO which is a significant part of 
the investment. 
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7. 5 Waste heat sources 

Nearly ~O 7. of waste heat is exhausted by air cooler~ 
right after the distallation column. The temper•tur2 is 
about 60 •• 70 deg C. The reason is that aircoolers are 
inexpensive and require little maintenance. It could be 
used as combustion air to the furnaces, but the ducting 
will be costly compared with the possible yield. Often 
this cooling takes place with condensate return eg to 
the power station. The other major source is the 
cooling tower or condensers. This heat could be used to 
make process feedwater, the quality of which has direct 
and indirect benefits. Generally if the quality of heat 
is very low there are only few ways to recover it 
economically. It should be recovered when there is some 
value Cexergy> left. This emphasizes the correct 
cascading principle. The cooling need is due to the 
fact that the incoming crude cannot absorb the 
evaporation energy of the oil. Fuel-, water-, air or 
the following streams preheating are other 
alternatives. In case of power station water could 
absorb 1nore energ·1 in the preheating processes. 

7 .6 Electric systems 

A ~efinery in Egypt uses 10 MW/Mton/a of electricity. 
This is m~inly used to run electric drives. Instead of 
throttling flows when controlling them this function 
can be replaced by thyristor controlled inverters ie 
motor speed is controlled. The following merits are 
obtained 

- About 2.4 GWh of electricity/Mton is consrer·1ed.; It 
should be observed three times more ener~y is £uved in 
fuel for every saved kWh of electricity 

Motor si~ing is redu:ed 

Less motor wv.aring and maintenance 

Because of reduced pressure level the piping becomes 
lighter effecting savings in the investment. 

-This technique makes easily possible the soft start up 
avoiding thus peak loads. 

Integration to automation is convenient 

replactiment of choking control valves 

Now this iA a well proven technique and the units are 
;ireproof. The investment is higher but operation wi~l 
~con cover the difference. 
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The power factor control can be realized in plant or 
individual component level. The frequercy converter 
impproves the power f•ctor.This yields 

Reduced demand of electric power. 

Reduced sizing of many electric components like 
transformers, breakers etc. 

Promotes the stability of the electric network. 

10-30 7. energy savings are reported in fedsible cases 
which are variable loaded induction motors mainly. 

This technique requires co-operation between electrical 
authorities and industrial sector to obtain advantages 
in the national ievel. 

7.7 Automation 
===--====== 
This is often an inexpensive approach,since costly 
process changes can be avoided. The following 
potentials eg. e~ist 

- Improvement of combustion control exploiting the fast 
Zr02 signal and stack gas analysis 

- On line process optimization minimizing the steam 
demand/ton crude without violating the product specs. 

- Performance figures can be monitored and 
with the nominal or designed ones and thus 
promptly possible malfuncti9n. 

compared 
locating 

- Maintenance functions can be controlled by ~ computer 
in order to systemize this function which has direct 
and indirect effects on energy conservation. 

- Run downs an~ start ups can be shortened causing 
energy savings. 

- Special measurements like infrared or the~·mov1sion, 
ultrasonics,eddy currents, non destructive testing for 
quality control, vibration, shock pulses ,endoscoping 
promote energy conservation Cauditing,preventive 
maintenance> 

These activities are universal in all process 
industries. Automation is some t1me overdone, but it is 
an evident potential and cannot be neglected. 

7 .8 Solar systems 
==•=•=:s:a:::ass 

In Egypt insolation is about 4000 hrs/a and the 
radiation power is 4-8.~ kW/m2. 7-12 'l. can be converted 
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into electricity provided that the panel or heater is 
constantly directed to the sun. This arrangement may be 
cost.ly. In refinery industry this presents suet. small 
portion of the total energy demand that few 
economically viable systems exist. One of them is fuel 
or crude preheating before entry to the furnace. The 
problem that all possible energy available in the 
pumparounds cannot be absorbed,however, remains. The 
use could be possible in remote contra:. stations 
without no permanent electric supply. Private 
households may use this option successfully. The action 
is,however,to follow the progress in this area. 

7.9Return on investment 
===========~======== 
In all cases this analysis is to be performed. It may 
some time to turn out that the investment is not 
economically viable although energy is conserved. This 
is often the situation when recovering low quality 
energy which is the main exhaust in refineries. 

7 .10 Suggestiors for future activities 
==========s=========2===-======= 
1.Case projects for a few of the items above like a 
selected furnace, desalination, power ~actor control 
etc. The plan should include the schedule, equipment to 
be acquired, man power,financing,object plant,costs and 
roi-analysis. 
2.Material~ form a constraint in energy conservation 
therefore capability in this sector is to be developed. 
3.Energy or exergy analysis in selected refineries to 
locate recovery objects and to see how real performa~ce 
deviates from nominal or designed values. Training to 
10 this will be necessary. This will give a good 
insight of the energy situation and cascading. 
4.Co-operation between oil and electric authorities in 
the co-generation and pfc-watter. This co-operation 
should cover other sector~ except for gas and oil 
industry. 
~.Training of energy c~nservation for designers, 
operation and maintenance people. The material should 
be prepared and training·courses be arranged. 
6.The progress should be gradual eg. one thyr~stor unit 
can first be acquired and with positive experiences 
this activity is to be extended. 
7.Energy audits are to be started to find out of the 
real performances of energy con~erving activities. 
B.A feasibility study is adviced to start a more 
e:~tensive activity including cost analysis, prop"osal of 
project activities and the roi •nalysis. 
9.Maintenance programs Cprevantive,co,...,.ective> and 
check lists to promote energy conservation. 
10.Water quality surveying in Egyptian refineries and 
measures due to the findings. This activity ~s good for 
other process and power indust~ies. 
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11.Financing alternatives like national, development 
b~nks, multi- or bilateral development aid,UNOP et=. 
Preparation of detailed project proposals with the 
necessary schedule-,cost-,activity and roi information. 
12.It suggested that the cases are selected in 
different fields like automation, electric systems etc. 
13.Surveying co- and combigeneration potentials. 
14.The potentials of Egyptian industry to make energy 
conserving equipment is worth a f~asibility study, 
since this is or.e way to improve the the foreign 
balance. Sparepart supply and mainter.ance becomes 
easier with this policy reducing outages and repair 
times. Outage time is very costly for the refinery. 
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8. 1 SUMMARY CF SAVI NG POTENTIALS 

Item 

Furnaces 

Heaters 

Electric 
drives 
Co-generil
ti on 

Method 

02 control 
Air preheating, 
forced draft 
Cleaning,feedwater 
quality 
Frequency converters 
Power fcctor control 
Fuel efficiency 40 7. 

to 80 7. 
Heat recovery Recycle,cascading 
Insulation Optimal thickness 
Process re- Eg. preflashing 
vamping 

Potential Inve5tment 
USO/ton crude ROI years 
.05-.15 low 
.05-.15 

.15-.3 1-3 

.16-.3 1-2 
1 3-4 

.3-.b 1-5 

.05-.3 1-5 

.3-.6 1-5 

Miscellaneous Automation,lighting .1-.3 .S-5 
TOTAL 2.16-3.7 
TOTAL Egypt 18 Mton/a X 39.96-68.45 M USO/.~ 
These <~e very cautios figures and may turn out much 
better when real cases are 9urveyed. Automation often 
yields the shortest ROis and has the advantage of small 
investment. ROI means years for· the return on 
investment ie. recycle time. 185 USO/barrel is used as 
reference. 
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6.2ITEM POTENTIAL 

ROI/years 
Furnaces .S-S 

Heaters 1-5 

Electric sys- .5-3 
tems 

Coohi/co-[~ne- :-s 
ra·~ion 

Desalination 

ME7HOO AND REMARKS 
===============2== 
02-control by Zr02 analyzer .. 
Complementary CO and unburnt part 
analyzer. Feedfoward control for 
fuel feed. Forced draft burners. Air 
feed blower control by speed 
according to 02 signal. Proper air 
mixing by a proper injector 
location. Residence time 
optimization of combus~ion gases. 
Optimal sooting based on perfor~ance 
figures. Air preheating and use ~f 

special materials to lower the 
outlet temperature. Optimal size, 
shape and insulation. Airfeed from 
the air coolers. 
Correct cascading. Feeadwater 
quality. Performance mor.itoring and 
actions accordingly <cleaning>. On 
line cleaning. Correct dimensioning 
eg to minimize recycle pumping. 
Special instruments to locate 
deposits eg IR or ultrasonics or 
endoscoping. Optimal insulation. 

Frequency con•. erters instead of 
choking flows. Improvement of power 
factor ~~ plant scale or component 
level. Soft start up. Reported 
examples. exist of use of frequency 
convert~-s in petroleum industry. 
Capacitors and inductances are used 
to compensate the plant scale power 
factor yielding benefits for the 
total electric system. Reduction of 
lighting eg using pale colors. 
Upgrading the steam quality to 
reduce it by turbines and producing 
electricity, too. Redundant power 
supply. Bleeding type of turbines 
n~eded. Multiboiler and -turbine 
concept recommendable. Gas turbine 
and waste heat boiler option to 
improve the fuel efficiency. Several 
steam headers necessary. Merits 
obtained in the national level due 
to production of iraxpensive 
electricity. 
The vacuum distillation provides the 
option to use low quality heat to 
produce feedwater. Sp.demand 6-8 
kWh/m3/distilled water. Merits are 
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Start-ups 

Boilers 

Distillation 

Piping, arma
tures 

Pumps,blowers 

Steam sunply 

Turbines 

Miscellaneous 

better heater performance and the 
option to upgrade steam. 
Contaminated-condensates can be used 
for this purpose, since the 
evaporator is epoxy coated. 
Due to prompt start-up energy is 
conserved. Function group systems 
are used to program the start up 
procedure step by step. 
Reduction of blowdowns,reliefs. 
Flash heat recovery. Optimal 
insulation. Correct cascading. 
Feedwater preheating. Start-up 
automation. Minimal recycles eg 
mixing to control the final steam or 
crude temperature. Steady operation 
instead of variable. Mini~um nu~ber 
of outages. SpP.~ial instruments for 
performance analysis. Performance 
monitoring by proper figures. 
Heat recovery from intermediate 
reb~ilers. Use of analytical 
instruments to optimize the output 
quality. Minimal ref luxe~. 
Insulation. Optimal tray· number. 
Preflashing. Heatpumps <compessors> 
for reboiling when coolin is needed. 
Avoidance of over separation. 
Minimum number of vertc.~l outlets or 
elbows, minimum distances,. optimal 
insulation. Flow control instead of 
throttling causing lighter piping. 
Close valves 100 'l. open position. 
Correct sizing, speed control, 
minimum refluxes, surge control. 
Feeadwater quality. Condensate 
recycling. Cascading. Flash and 
blowdown heat recovery. Avoidance of 
throttling. Reduction by turbines. 
Reaction or radial counter rotating 
turbines instead of impulse ones. 
Condenser sealing. Floating entry 
pressure. Correct bleeding system. 
Sta~t-up automation. Labyrinth 
sealing to minimi:e bypasses. 
Heat recovery of ~reduct storage 
tanks. Coking proc~ss optimization. 
Bottoming cycles. Orga~ic Rankine 
process. Minimum fl:ai-~. Improved 
level of maintenance. Special 
metering tec~nology. Energy recovery 
by pha•.ae trarisf or;nat ion. Multi affect 
evaporation. 
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8.4 ACTIVITIES FOR ENERGY CONSERVATION IN EXISTING PLANTS 
-- ·---------------------------------------------------
Activity Relative ~osition in schedule <.5-~ years> 

l.Identification x~1~-' 

of objects x 
2.Priorization 
3.~0I assesment 
4.Choice of me
thod 
5.Hardware specs. 
6.Purchase 
-bid enquiries 
-tenders 
-evaluation 
-procurement 
7.Detailed 

x 

x 
x 
x 
x 
x .. 
n 

x 
x 
x 

engineering x 
8. Site prepa- :< 
r•tions x 
q.oelivery x 
control x 
10.Inst•llation x 
11.Start-up tests x 
12.Acceptance x 
13.Guarantee " 

f 

' 
14.Project control x 
15.Training x .,_ __________ .................... ~·-----------------------------
16.Documents x 
I7.Maintenance x 
18.Spare parts x 

24 



I 

-. 
: ---c: c 
' 

P Soininen 
UNDP/ENPPI 
Cairo 
Egypt 

... ··-

• Enpp1 

ENERGY CONSERVATION 
AT ENPPI 

8.5 SEMINAR 

PRINCIP~S AND METHODS TO CONSERVE ENERGY IN PROCESS 
"~DUSTRY 

TIME FEB RU ARY • 1985 

GIVEN BY PEKKA SGININE N 

DISTRIBUTION : 

H M El-Rifai 
R Duvall 
M El-Sayed 

K M Khaled 

M Nagdy 

M A Soliman 
F M Youssef 
-

M Hetata UNDP/Cairo 

25 

Page 1 

February 14. 1985 



-. = -2 
c 
~ 

P Soininen 
UNOP/ENPP! 
Cairo 
Eqvot 

I 

II 

III 

IV 

v 

VI 

VII 

VIII 

IX 

x 
XI 

XII 

x"' 

• Enpp1 

ENERGY CONSERVATION 
AT ENPPI 

INDEX 

BENEFITS OF ENERGY CONSERVATION 

THE MOST PROMISING OBJECTS OF ENERGY 
CONSERVATION 

2 .1 Furnaces 
2.2 Heaters 
2.3 Electric/Steam Cogeneration 
2.4 Electric Systems 

ACTIONS TO IMPROVE ENERGY ECONOMY 

OBJECTIVES OF ENERGY CONSERVATION 

ENERGY CONSERVATION PRINCIPLES 

GENERAL PERFORMANCE CRITERIA ANO 
RELIABILITY 

SANKEY DIAGRAMS 

PERFORMANCE FIGURES 

HEATERS, HEAT RECOVERY 

DESALINATION BY LOW QUALITY HEAT 

OUTLET STACK GAS TEMPERATURES IN FURNACES 
IN HEAT RECOVERY 

EQUIPMENT FOR HEAT RECOVERY 

TEMPERATURE CONTROL OF AIR PREHEATERS 

26 

February 14, i985 

PAGE 

2 

5 

5 

5 
6 

6 

8 

11 

12 

17 

19 

20 

25 

26 

27 

29 

31 

I 



....------------------------------- -

-! 

P Soininen 
UNOP/ENPPI 
Cairo 
Egypt 

XIV 

xv 

XVI 

XVII 

XVIII 

XIX 

xx 
XXI. 

XXII 

• Enpp1 

ENERGY CONSERVATION 
AT ENPPI 

INDEX (CONT'D) 

FUELS 

COf'SI PROCESS 

~r02 SENSOR IN STACK GAS MONITORING 

ENERGY RECOVERY IN ELECTRIC SYSTEMS 

BENEFITS OF ON LINE OPTIMIZATim: 

COMPRESSORS 

IR-PHOTOGRAPHY 

BOTTOMING CYCLES 

GENERAL CHECk LIST FOR A HEAT RECOVERY 
SYSTEM 

27 

February 14, 1985 

PAGE 

32 

33 

36 

37 

39 

43 

47 

48 

49 



. -

P Soininen 
UNOP/ENPPI 
Cairo 
Egypt 

I 

• Enpp1 

ENERGY CONSERVATION 
AT ENPPI 

BENEFITS OF ENERGY CONSERVATION 

?age 2 

February 14. 1985 

Egypt produces about 40 Million tons/a of crude and 18 Million tons/a are refined. 
About 3°~of this amount is bumt in the refineries in the production process. This 
means 0., M tons. There are still some unused potentials to preheat the cont>ustion 
air by cooling the existing stack gases of the oil burning furnaces. Now we can 
calculate what this case would mean for the Egyptian oil industry. Some of the initi' 
figures are based on Ffoni sh experiences. The stack recuperator :-ecove_rs aboutS-rJ.of 
the energy of the conmustible, It is a well known value for many types of furnaces 
while the temperature is reduced from t.t3C -+ 11.(o 0c or even lower, if glass or 

I 
I 

L 

cast iron recuperators are used. Also, if the fuel is sulphur free, a lower reduction I 
is feasible. NOW 

. I average value for refined product 
0.6 x ~ x o.c7x 18~ { = '1.8 ~ 

== 
recovery '1%; 

If further refining is included (ethene), these figures grow-70%, therefore a huge 
potential is in question, i.e. 1,7 x "1.8=11".3 "9S/a. 

One has to invest also to make this recovery possible. The investments are assessed 
following (based on figures in Finland i.e. about 800 S specific construction cost of 
one kw electric power} 

'1·3 M$ 

Probably part of this potential has been used (2). This means that the payback time ·=~ 

less than 1 year. Certain costs are due to a possible outage, but this can be minimi- • 
zed by a careful project design. Th·is is profitable in spite of operation and maint
enance costs . 
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The following fringe benefits will be obtained : 

Page 3 

February 14, 1985 

1- If the cont>ustion is complete by means of an o2-analyzer, the overall efficiency! 
improves and also the figure presented before ( 7 .a :S> 

... < =.. 

2- AboutC.-C5mtons of refined product can be obtained, therefore 185 S/t may be 
justified because of the world price and this is the potential for the whole of Egyp 

3- Amelioration of cont>ustion reduces v2 o5 oxides and fonnation of sulphuric acid 
because of reduced o2-content. Both of these are corrosive agents. 

4- Pollution abatement due to complete cont>ustion i.e. the fraction of non
cont>ustibles in the stack gases ; s diminished ( orga.."l.ic+inorg~ic) 

5- Availability of units and components will be improved due to less wearing. 

The furnaces are the ~ast promising potential in the refineries and this is the reason 
why they have been selected for the top priority. There are also a nunt>er of other 
potentials and they can be listed below : 

1- Avoidance of irreo1ersible processes, e.g. throttling (pipes, valves, atmospheric 
cooling, blending). 

2- Renux ~y-pass rninil!lization 

3- Separation with.in tolerable limits. 

4- Heater perfonnance improvement. 

5- Better automation. 

6- Online process optimization. 

7- Maximum recovery of product heat by preheating crude. 

8- Power factor control. 

9- Condensate collection. 

10- Piping (insulation) 
29 
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Basically. majority of refinery processes are direct or indirect heating. mixing, 

pumping and cooling. These fonn the 1tey areas for energy conservation. 
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II THE P«>ST PROMISING CEJECTS 
OF ENERGY CONSERVATION 

2. 1 FURNACES and the Teasons are: 

2.1.1 Most fuel is burnt in various furnaces, about 7 ... 12i depending on the 

degree of refining. 

2.1.2 To ensure complete combustion, e.g. by o2-meters (Zr02) is an evident 
potential and fairly low cost and it does not cause outages of the plant necessaril~ 

2.1.3 The recoverable heat is about 7-to!rom the stack gases and in Egyptian 
refineries, there exist a number of furnaces.good for this means, a supporting CC

measurement may be considered. 

2.1.4 This technology can be applied in 

- all process industries. 
- power stations. 
- refineries. 

2:2 HEATERS 

... 

2.2.l A majority of the refining processes is direct or indirect heating. 

2.2.2 There are many ways how heat is lost, like 

- seals. 
- scale fonnation. 
- blocking 
- flow resistances. 
- poor insulation. 
- refluxes and by-passes 
If these are reduced, the perfonnance and lifetime is increased. 
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2.2 HEATERS (C~nt'd) 

2.2.2 - This technology is also feasible in other industries. 

- Vacuum distillation is a promising alternative because of 

. Low temperature levels . 

. A lot of cooling water is discharged from refineries. 

There is one pilot plant under conmissi~ning in Suez. 

2.3 ELECTRIC/STEAM CO-GENERATION 

2.3.1 The conmi process is the mst economic process to produce electricity and 
steam. 

2.3.2 This is a redundant steam.and electric supply and thus has a positive 
contribution on the availability of the refinery. 

2.3.3 The fuel is easily obtianed from the refinery and conversely the steam can 
be easily delivered to the refinery. Also pure condensates can be collected 
for reuse. 

2.3.4 This kind of integration is highly reconnended. 

2.3.5 The power station has furnaces and heaters and then it is closely related 
to the items before. 

2.4 ELECTRIC SYSTEMS 

2.4.1 Poor power factor causes 

- Excessive transmission capacity 
- Unstabi lity 

Increased transmission losses 
- Increased uemand for power generation 

- Motor wearing 
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2.4 ELECTRIC SYSTEMS (Cont'd) 

2.4.2 20 .•. 40% electricity can be saved if a pf-control is applied on individual 
motors in case of variable or part loads. 

2.4.3 Ii case of throttlin~1 materials the variable speed concept conserves energy. 

2.4.4 The ideas above also conserve equipment from wearing. 

2.4.5 In some cases, use of electricity promotes the overall p~cess efficiency 
e.g. heat pumps; a lot of compressors is utilized in petrochemical industry. 

2.4.6 Automation is less cost effective for ener!!Y conservation ·and results may be 
obtained in the following areas 
- On line optimization 
- Sensor technology 
- Better control strategies 

These things offer possibilities for high technology development 

... 
"'" 
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Energy conservation attitude lllJSt be assumed in all phases and level~ 

- design 
- operation 
- maintenance 

and various technologie' can be used : 

- process design 
- automation 
- co-genertion of steam and electricity 
- perfonnance monitoring 
- colrOi processes 
- solid sti\te power factor controllers and inverters 
- vacuum destillation,~ntr,..occoe.pru.$0"".S 
- heat pumps 
- materials 
- sizing 
- insulation optimization 
- geometry and shape optimization 
- modelling and process optimization 
- solar 

Quite recently a new method for desalination has been introduced (1 existing p"ant in 
Egypt, too) i.e a vacuum multieffect evaporation plant and the vacuum is generated 
by lifting the evaporators by 10 m. The production is 20 m3/h which is enough ·~o feed 
a 3000 people COll'lllunity or the water is good for the power plant process water with
out deionating. The driving heat is recov~red from cooling waters of 30 ... 4o0c and 
water boils at 18°C and the pressure is 30 m bars. This is suoerior to tie flash 

' method because of lower temperatures and tnus corrosion is prevented. A solar pre
heater could improve the perfonnance, but due to direction to the sun and Rights it 
has certain inconveniences the same as electric solar panels. These can i::>e overcome 
by geometry or automatic direction which however increases the costs. ThP.refore soi 

energy is to be seen as a future potential in the refinery area, but not very soon 

... ··-
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FIGURES ON SPECIFIC 
ENERGY USE IN REFINERIES 

OIL PRODUCTION (Finland 1985) 

YEAR 1985 (estimate) 

Crude input 
Electricity demand 
Specific elec. demand 
Production 
Specific fuel demand 
Fuel demand total 

REFINING 

Ethene 
Propene 
Butadiene 
1-B ut.'le ne 

Penthene 
Phenol 
Ace ton 
Polyethene 
PVC 
Po lyst.V:'"i:o~ 

Oil 

Prod. 
Mt/a 

0.18 
0.073 
0.018 
0.009 
0.08 
0.035 
0.0'18 
0.155 
0.06 
0.02 

0.648 
===== 

10.5 Mt/a 
0.386 TWH/a 

39 KWH/t 
9.9 Mt/a 

0.79 ..wi/t 
7 .128 TWH/a 

Sp.el.demand Fuel 
KWh/t Kilh/t 

278 18 
24 0.0278 

641 0.194 
1333 
195 1.1 
467 2.22 
467 3.61 

1225 0.75 
595 2.08 
450 0.972 

o.386 
0.775 TWtv'a 
==:us 

Resid.fuel 
MWh/t 

7.22 

0.972 
1.805 
2.917 
0.083 
0.22 
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Total fuel 
TWh/a 

5.033 

1.36 

0.062 
0.062 

2 .11 
0.726 
0.239 

7 .128 
16.57 TWh/et 
===== 
(14.3 Gcal/a) 

These products require a 85 MW power supply and 1.48 M tons of oil is burnt. 

This also reveals the fact that savings in corri:>ustion processes probably yield maxi11:urr 
results. The figures above illustrate specipic consumptions.Discrepancies with Egypt 
are due to different level of refinino and distribution of products. 
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ener3.)' conservation although other sectors may not be neglected. Respective figures 
wol'id be for Egypt b.Y multiplying ~ s 1.714 providing the same level of· 

refining . 

... ·-
37 
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4.1 Energy conserYation in economically feasible way including investment, outage, 

operation and maintenance costs. 

i. 
I 
I 

! . 

.I 

4.2 The conservation action must produce a profitable result (ROI), alone it is 

not an objective. 

4.3 Fringe benefits that energy conservation may yield 

Less wearing 
- Less pollution 
- Investments can be reduced by correct sizing 

eg. lower pressures~thinner tubes 

4.4 It must be checlced that energy conservation takes place in reality e.g p~or 
maintenance can delete easily the results, even impair the system. 

4.5 To develop poten~ials for equipment and technology producti~n in Egypt and 

hence indirectly to reduce imports to Egypt. 

4.6 It is advisable to start with the most promi sin'.~ items (furnaces) although 

there.are several other objects worth consideration. 

4.7 To develop feasible indices.or perfonnance figures for monitoring or auditinCJ 

purposes. 

... 
: ,,.. 

38 
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V ENERGY CONSERVATION PRINCIPLES 

GENERAL Energy can be conserved in 

a. Production. 
b. Transmission 
c. Utilization 

i~e almost everywhere 

Waste heat can be recovered by a nunt>er of methods, e.g. 

a. Heat recovery exchanger 
b. Heat pumps 
c. Better automation 
d. Insulation 
e. Improving efficiencies 

Page 12 
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In fact, energy does not disappear. It is converted into another fonn and usually the 
quality deteriorates, i.e entropy increases. Ihe schematic diagram below shows this 
pla11t real situation 

produ~t~ 
contain in 
energy 

raw matue 
teri a 1 s 

l by-products 

losses 

electricity 

39 
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V ENERGY CONSERVATION PRINCIPLES {Cont'd) 

Losses take place in the following processes 

5.1 Heating/ cooling 

a. Radiation 
b. Temperature reduction 
c. Heater insulation 
d. Heater shapes 
e. Reliefs to the atmosphere 

f. ~fluxes and by-passes 
g. Poor performance of heaters 

5.2 Pumping 

a. Poor efficiency 
b. Electricity is converted into heat by throttling 
c. Poor pumping efficiency 
d. Oversized pumps and motors 
e. Poor performance due to wearing 
f. Excessive choking due to design of piping 
g. Apply speed control instead of choking 

5.3 Evaporation, the same applies as to heaters, moreover 

a. Refluxes are to be minimized 
b. Product heat is to be recovered by preheating input crude 

Page 13 
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c. 
d. 

One has to avoid cooling to the atmosphere or to the sea as much as possible . 
By pass reduction 

5.4 

a . 
b. 
c . 

d. 

,. . 
I'" 

Condensing 

Condensates should be collected to avoid heat and process-water losses 
Leaks are to be detected 
Dirty condensates are often difficult to be reused because of corrosion 
Heat recovery may be problematic for the same reason (e.g stripping) 

40 
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V ENERGY CONSERVATION PRINCIPLES (Cont'd) 

5.4 Condensing (Cont'd) 

e. Condenser or multieffect operator, vacuum must be insured 
f. Condensate purification is sometimes non-profitable 

5.5 Stack Gases and Cont>ustion 

a. 02-content must be optimal 

b. Variance of fuel 
c. Cormustion air must be preheatert {air preµeater) 

d. Avoid lower temperature than thedew point of sulphuric acid. 
e. The outlet temperature must be optimized within constraints 
f. Stripping can be ~pplied to heat recovery and then stack gases are purer 

and chemicals could ~e recovered and gases meet better environmental requi
rements. 

g. Incomplete cont>ustion 
h. Sooting 
j. Correctly directed air injection and proper mixing 

5 .6 Drying 

a. Use mechanical drying, maximally 
b. Avoid overdrying 
c. Application of heat recovery 
d. Utilization as low quality heat as possible 

5.7 Steam Supply 

... 
~, _._ 

a. 
b. 

c . 

d. 
e. 
f. 

Leaks in rotary joints, safety-by-pass valves and traps 
Poor insula~ion : rule of thwri> lo0c temperatures difference between 
insulation surface and enviroru11mt (skin temperature) 
Exhaust control due to janmed dampers 
Impaired heat transfer due to blocking. leaking and scale deposits 
Lacking or malfunctioning performacne monitoring 
Impa1 red steam traps 

41 
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V ENERSY CONSERVATI~ PRINCIPLES (Cont 1 d) 

5.8 FtedWater 

a. Preheating by steam extraction or by other feasible actions is nearly 
always a correct measure 

b. Quality must be controlled to reduce scale fonnation 
c. Leaks must be minimized . 
d. Feasible condensates must be collected 

5.9 MOTORS 

a. Avoid unnecessary throttling 
b. Correct sizing 
c. Power factor controlling when partly loaded locally 

d. Variable speed control (inverter) 

5.10 Cont>us_tion Engines 

a. The.re are stand by devices and uneconomic for continuous operation 
b. Perfonnance can be monitored and stack gas quality analyzed 
c. E f.fi ci ency a udi ts or monitoring 

5.11 Miscellaneous 

a. Slippery driving belts 
b. Useless mixing 

c. Quality of optimization within allowable limits 

5.12 Distillation Towers 

a. 
b. 
c. 
d • 

... 
. \.-. 

Useless refluxing or bypasses 
Poor insulation 
Insufficient heat recovery from the products 
On line optimization is possible within constraints ( 20 pcs) and 
energy conservation has been reported plus other benefits 

42 
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V ENERGY CONSERVATION PRINCIPLES (Cont'd) 

5. 13 Separators 
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a. Optimal separation within tolerable product limits, avoid overseparation 

••• 1V". 

b. Reflux or by-pass minimization 

5.14 Coq>ressors 

a. Energy savi~gs can be obtained operating near surge line without omitting 
the protective actions 

b. Minimized recycle 
c. Vari ab le speed drive 

44 
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VI GENERAL PERFORMANCE CRITERIA ANO 

RELIABILITY 

The value of heat can be evaluated as follows 

where 

E = H - H - T ( S-S ). exergy or available energy e e e 

E = ex ~rgy 
H = initial enthalpy 
H = final enthalpy = in the state of environment e 
T = final temperature = in the state of environment e 
S = initial entropy 
Ses final entropy = in the state of environment 

The objectives of perfonuance figures are generally to assess the function of the 
unit or component in question. 

One has to include also the investment,. ope.ration and: F!laintenance costs due to 
the recovery equipment. 

In other words this means, the higher temperature the heat has, the better it is. 
Also, thf' internal energ_y · (e.g steam) can be converted into electricity by expari·· 
s~on. This justifies the back-pressure and extraction processes of steam turbines 
and col!Di processes where the high exhaust temperature and high o2-content:are 
exploited. 

! 

I· 

For refi~ries.' however, safe steam and electric su~ply must be guarantee~ •. It me~ns. I 
redundancies eg; '.the multi.boiler conceot. The national electric supply Jointly I 
with co-~eneration ensures the electricity safely for the refinery. Unavailabili- l 
ty costs so much that this procedure is justified. Also, it might be tedious to ' 
start up after an unexpected outage. The nonnal and also optimal operation mode is 
maximum steady state production with minimum outages. A good coefficient of perfor· 

11 • 
"~· 
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mance is ~Eout which should be unity in an ideal case. but deviations from the 
~ E. 

nominal level aPe to be checked, monitored or audited. This applies for heaters, 
pumps, etc. equipment. 

The power system (electricity,steam) should be such that turbine or boiler trips 

do not cause out~ges for the refinery. Eg. boilers feed one or more headers and 
there are several turbines in addition to the national power grid. 

46 



-.. 
~ ---2 
c 
~ 

• Enpp1 
P Soininen Page 19 -------------------------------1. 
UNOP/ENPPI ENERGY CONSERVATION 
Cairo AT ENPPI 
Egypt 

February 14, 1985 

VII SANKEY DIAGRAMS 

The idea of sankey di a grams is 

a. To follow energy flow in detail throughout the whole process. 

b. Flows are illustrated by the width in the diagram. 

c. Recyclesare clearly presented. 

d. Temperatures and the heat transferring Dl!dia must appear. 

e. The flowing power is indicated in KW or Kl or Gcal/h 

f. lype of energy must appear 

• mechanical 

• electric 

• thennal 

Since this implies the quality of energy 

g. Individual sub-processes and phases must be denoted in the diagram. 

Sankey diagrams are fairly easy to design provid~d that there are availa'>le 

a. process diagrams 

b. temperatures 

c. PI - flow sheets 

d. technical infonnation of the process equipment 

The di a grams can be prepared in various 1eve1 s 

a. plant scale 

b. un;t scale 

c. coq>onent scale. 

In many cases all these levels are justified. 

The sankey diagram provides one model to design computerized energy management syster,.·, 

which might on line monitor ~~e plant scale energy use. 

~tmpone~t. oer-fonnances can be moni tared in the same waY. for energy demanding uni ts . 
•. oeo~ .i.a..-:-a.:s can oe upgraded oy computer using C.J:W t-echnology. · . 

47 . 
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VIII PERFORMANCE FIGURES 

FIGURE 

AP. IP1V= '"' ~ 
power loss 

Ex er~! increase 
driving power 
surge 
recycles minimal 

lT = temperature 
difference across the 
heating surfac~ 

JP = pressure re
duction between input 
and output of primary 
and secondary sides 

= i:_ ( exergi es) out 

L(exergies). 
in 

= ideally 1 , tir.e depe., 
ndent deviation progress 
is detected. 

T F = Flame temperature 

o2- contents of stack 
gases 
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REMARKS 

AP = pressure reduction . 
m = mass flow 
avoid useless throttling 

ht: head 

vibration is one anti
surge means 
see turbines, heaters, valves, 
motors 

-lT indicates heat transfer 
obstacles, it is an averaged 
va 1 ue ( Ll-ITD ) 

1P indicates blocking 
IR - photography indicates 
heat leaks 
Ultrasonic for scale fonnation 
and leak detecting 

Endoscope for pitting and 
scale fonnation and leaks. 
Other non-destructive methods 
are applicable cleaning internal 
optimization. 

The same as to heat exchangers 
applies 
Zirpnium sensor is superior to 

c 
others. Minimizes draft -+ 

energy conservation 
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VIII PERFO~CE FIGURES 

COMPONE~T 

FURNAC:S (Cont'd) 

-: MOTORS 
--~ :;; 
~ 

... .. ~. 

FIGURE 

Stade gas temperature 
T : , .. ':'1- .. ) sg :...•--.--~.L. 

Fuel quality contl'"Ql 

1T = temp. di f ~. 
across heating 
surfaces (logarithmic) 

Tz zonal temperatures 

CO indicates it draft 
;s too smal 1 

Dust 

Costp • power factor 
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REMARKS 

Tsg dew point of sulphuM c 
acid but not much and within 
controllable limits 

Eg. - moisture 
- viscosity 
- sulphur 
- heavy metals 
- ash 
·· slagging 
- non burnt components 
- junk 

Sooting can be initiated accord
ing to AT i .e he~t transfer capa
city, can be optimized 

IR photography or pyrometers, the 
IR-photo nowadays gives direct 
indication of T (AGA) 

IR technology is worth deeper 
analysis at Enppi. 
IR is good also for outside photo
graphy to spot heat leaks. 

IR - absorption feasible and 
relatively inexpensive 

Optical deviceJelectric filters 
wi 11 remove. 

It indicates full/partial load 
variab~e speed control now feasi
ble at reasonable cos ... (~.·.~~ 
·start-up ~~ssi~le) 

. '. 
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VIII PERFORMANCE FIGURES (Cont'd) 

COMPONENTS 

BOILERS 

FANS, BLOWERS 

PIPING 

••• 
"" 

FIGURE 

R = steam rating 
Q = heat absorption 

• superheater 
• evaporatcrr 
. economizer 
• oi 1 heater 
. fuel heater 
• aiv- --u-

QC = thennal load 
F = furnace ~~ad 

S = steam outputs 
T = temperatures 
P = pressures 
efficiencies for the 
whole boiler 

Energy increase of 
_oroduct/ti me 

Fuel power 

AP V. _ Abm 
• M M 

i.e enthalpy increasa 

also (exergies)e~t 
(exergies). · 

1n 

AP pressure 1 asses 
AT in axial direction 
n 
Surface temperature 
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REMARKS 

Specific va lo ~s can be used as 
well i.e /m2 /m3 

Losses - flue gas 
- unburnt 
- radiation 
- ash 
- blow downs 
- stops 
- start ups 
- condensate 
- partial load 
- fuel variations 
- leaks 
_ )le.~~ :s\.u..,_ 
• s .... +c.+1 ..,...,~..s 

,. 
V = vo 1 ume fl ow 
1P = pressure difference across 

the fan 
M = driving motor power 
Speed control yields benefits 
special measurements indicate 
perfonnance 
"'"'~ ~~ 
poor design, ins~lation about ln°c 
higher surface temperatures thar • 
the environment is a rule of th•·mb. 
Optimization is possible 
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VIII PERFORMANCE FIGURES (Cont'd) 

COMPONENTS 

STACKS 

PUff>S 

TURBINES 

GENERATORS 

COMPRESSORS 

DISTILLATION 

TOWERS 

SEPARATORS 

STRIPPERS 

CRACKERS 

r~A 

FIGURE 

T =outlet.temperature 

Oz= Oxygen i, 1 .•• 2 i 

CO z Cart>on monoxide 

Real efficiency compared 
with the nominal and 

I 

ideal Jne 

P real (net pC'MeTS) 
P nominal 
Mechanical power 
Electrical power 

. . 
IP'# ~\II M 
,,-- ' p 

Recycling 'k 

Specific energy use of 
products 
By-pass reduction 
Refluxes 
Sea le fonnati on 
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IE MARKS 

For sulphuric fuels, 110 ... 1~o0c 

ZrOz sensor highly reconnendable 

It supports Oz measurement 

Hydraulic coupling or motor 
inverters have energy saving pote
ntials in case of control, 
special measurements applicable 
"'= mass fl ow a "' t 

- vibration 
- endoscope 
applicable to compressors 

special measuremen~ ;ire useful 

AP = pressure drop 
M = mass flow :. v ~ 
P :s power 

I • 

' 

Special instniments have potenial5 
• vibration 
• endoscope 

IR- photography powerful to study 
te~rature distributions 

Online optimization is one poten· . 
tial ,sophisticated equipment nt· ~ec 
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VII I PERf-ORMANCE FIGURES (Cont'd) 

COMPONENTS 

SYNTHETIZING 
VESSELS 

CONDENSATE 
COLLECTION 

... ,,,.. 

FIGURE 

Insulation {surface temp
erature) 

P.mount of returned 
condensate 

Purity 
• conductivity 

. ~~ 
• Na, K,P04,s;o2 
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REMARKS 

IR powerful for steam traps, 
heaters and vessels 

These figures vary depending on 
pressure and temperature levels 
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IX HEATERS• HEAT RECOVERY (Case) 

A sankey diagram is recomnendable to be prepared for a distillation unit with 
auxiliary processes (mainly heaters). The present level of recove"Y will be assessed 
and the possibilities for additional recovery and costs due to that. 

The cost analysis covers 

- investment 
- operation 
- maintenance 

fuels and materials 
for operation 

Such potentials as 

refluxes and bY-passes 
- separation optimally within 

tolerable limits 
- improved compressor control 
- optimal allocation of automation 

e.g choking valves 

Performance figures describe the perfonnance of a unit. If these deviate a l~t from 
the nominal values, these actions are necessary to reva~ or rehabilitate the unit. 
Also, these figures are useful to judge whether an equipment is to be opened. In big 
units great economical values are in question (outage, labor, etc.). Therefore, a 
nunt>er of this kind of indicators will be developed. Also, these provide a basis for 
automatic monitoring or for checks or audits in connection of preventive maintenance. 
This activity is good for instrumentation and chemical people. 

NA 
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; 
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X DES~LINATION BY LOW QUALITY HEAT 

There are now available a method to use reject heat to desalinate water. One exists 
in Egv~t (Suez) and is now under co11111issioning. The idea is vacuum evaporation. There 
are three effects. About 4~ of the rated flow is evaporated. The evaporating effec~s 
are lifted by lOm to create the vacuum. Water boils in about 18°C and the final 
vacuum is about 18 m bars. The reported production is 20m3/hr which is good for 

2000 people co11111unity. The advantages are : 

- less corrosion because of lower temperatures 

- use of low quality heat 
the product water meets very high standards 

..,. ~I 
..;-~ ..vm 

- the water is good for process use 

The high input flow keeps the heat exchanging surfaces clean, The schematic function 

is as fo 11 ows 

I-
...... 

... -
----~ 

Ra+ 1 n c.s : 20 ,..,,3/J... ) +· 4 °/o e. vapo ra 1 on 
c' raw wafe.r 

Because the ~ater slightly concentrates the boiling point decreases which posit~v-

ely effects on the evaporation process. This system js evidently competetive with 
the fl ash Or dei On at i ng methOdS. :l_, ~ ~C~ IA ~ :,_• C~ ~re '"! '-C 0. t"1 "'~- '-C~, f.t\M j t.'\cl. ... d 
::c-1,,;.b\'\'i:,~·~ ~V'- o.,~ t;.:-;..i.·C.C ~t H<Q.r f-c L-r..f:J'.fiC1t,·ci, 
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The Suez Refinery pt'1lduces 2700m3/hr cooling water. In addition, contaminated 

c:>ndensates are good for heat recovery since the primary side of the ~eater is 

coated by eroxy material whic~ ~s resistant to corrosion. If these two sources of 

heat are utilized enough reject heat exists to run the desalination plant. This is 

only the expansion. If this cooling water from the oriqinal unit is incluaed, a lot 

of waste heat is available to meet with the requirements of deionated feed water. 

The benefits are : 

Reduced corrosion because of high quality of feed water. 

- Energy conservation because of more efficient heat transfer and reduced scale 

formation. 

Option to u.;grade the steam for high pressurized boiler and t1Jrbine use. 

Low cost method to make feed water, no/little chemical costs. 

6-8 kwhe/m3 product water = soecific e1ectricity demand. 

Reduction of blowdowns effecting energy conservation. 

Ootion to provide water to the surrounding community. 

This concept is good for upgrading and new units. 

This option is at least worth a feasibility study and so far this technique is 

little exploit~d. The investment costs start from 0.1 ..... 0.5 M~ corresponding 

5 .... 30mfn of production. 
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AOUATEC DESALINATION PLANTS 

Technical Data and Cost Es~imate 

l. Service life 

2. Operation temperature 

3. Distillate temperature 

4. Energy consumption 

5. Capacity 

6. Applications 

7. Range of use 

8. Costs 

- investment costs 
- operation costs 
- other costs 
Total 

9. Advantages 

..... Tt•·-
11'0 ... ,. 
5' ·ZllOI 1JUS•~Ul'UHl!I ,, ........ 0 IZ1· 1• lh 

IAOUATEC WHD/MSF 
(multi-stage-flash) 

20 years 

30°c 

2S°C 

5 kWh/m3 dist. 

max. 100 m3/h/unit 

- thermocline (MSF) 
- power plant (WHO) 

- power plants 
- process industry 
- drinking water 

preparation 

interest 10 \, time 
of paymen3 20 years 
0,9 USO/m 
0 I 3 " 
QI 2 n 

l,4 uso/m3distillate 

- low operation costs 
- low operation 

temperature 
- miner corrosion 

problems 
- flow-through 

principle 
- utilizes waste heat 
- patented 

63 
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I AQUATEC VC 
(vapor compressor) 

15 years 

75°c 

30°c 

15 kWh/m3 dist. 

max. 20 m3/h/unit 

- turbocompressor 
- thermocompressor 
- compressor driven by 

diesel engine 

- hotels 
- building sites 
- process industry 
- drinking water 

preparation 

interest 10 \, time o: 
payment lj years 
0,7 USD/m 
0,8 " 
0,2 n 

1,7 USO/ml distillate 

- small size 
- low operation tempe=a~ 

ure 
- flow-through princip:: 
- easily transportable 

unit 
- easy cleaning 
- patented 

c •• , •• 
IV>Ull(ll' UUSlllAU,.JNlll 



AC~ATEC DESALINATION PLANTS 

Technical Data and Cost Es:i~ate 

AQUATEC WHO/MSF 
(multi-stage-flash) 

l. ~crvice life 20 years 

2. Operation temperature 30°C 

3. Distillate temperature 2s0 c 

4. Energy consumption 

5. Capacity 

6 • }.pplica tions 

7. Range of use 

8. Costs 

- investment costs 
- operation costs 
- other costs 
Total 

9. Advantages 

5 kWh/m 3 dist. 

max. 100 m3/h/unit 

- thermocline (MSF) 
- power plant (WHO) 

- power plants 
process industry 

- drinking water 
preparation 

interest 10 \, time 
of paymen5 20 years 
0,9 USD/m 
0, 3 . 
0, 2 " 
1,4 USD/m3distil 1.ate 

- low operation costs 
- low operation 

temperat\;re 
minor corrosion 
problems 

- flow-through 

I AQUATEC VC 
{vapor compressor) 

15 yea::-s 

75°c 

30°c 

3 15 kWh/r.t dist. 

~4x. 20 m3/h/unit 

- turbo~ompressor 

- therr.ocom?ressor 
- co~pressor driven by 

diese.l engine 

- hotels 
building sites 

- process indust::-y 
- drinking water 

preparation 

interest 10 %, time c= 
payment l~ years 
0,7 USL:l/m 
0 I 8 H 

0,2 " 
1,7 us:/rnJ distillate 

- smal.1. size 
- low opera~ion t~?e=~ 

ure 
flow-through princi~: 

- easily transportable 
uni: 

principle - easy cleaning 
- utilizes waste heat - patented 
- patented 
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AQUATEC DESALINATION PLANTS 

Technical Data and Cos·: Es~imate 

L Service life 

2. Operation temperature 

3. Distillate . temperature 

4 • Energy consumption 

s. Capacity 

6. Applications 

7. Range of use 

8. Costs 

- investment costs 
- operation costs 
- other costs 
Total 

9. Advantages 

AQUATEC WHD/MSF 
(multi-stage-flash) 

20 years 

30°C 

2s0 c 

5 kWh/m3 dist. 

max. 100 m3/h/unit 

- thermocline (MSF) 
- power plant (WHO) 

- power plants 
- process industry 
- drinking water 

preparation 

interest 10 \, time 
of paymen5 20 yea=s 
0, 9 USD/.m 
0, 3 " 
0,2 " 
l,4 uso/m3distillate 

- low operation costs 
- low operation 

temperature 
- minor corrosion 

problems 
- flow-through 

AQUATEC VC 
(vapor compressor) 

15 years 

7S0 c 

30°C 

15 kWh/m3 dist. 

max. 20 m3/h/unit 

- turbocompressor 
- thenr:ocompressor 
- compressor driven ~Y 

diesel engine 

- hotels 
- building sites 
- process industry 
- drinking ;.1ater 

preparation 

interest 10 \, ti~e of 
payment lj years 
0,7 USD/m 
0 I 8 H 

0,2 
1,7 USD/~J distilla~e 

- small size 
- low operation t~~~era· 

ure 
- flow-through princi~l· 
- easily transportable 

unit 
principle 

- utilizes waste 
- easy cleaning 

heat - patented 
- patented 
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C 1 rcul t Diagram 

-~0°c 
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CD 

2o•c ~ 

lS-C 

~ 
c 
~ m 
() 

-=-·;_ ---_;;: ';'_:'-- -t ----~ ---=-=-=-=-
.o 00 

~--,_sr---

~ountinqs: 

l Evaporator/condenser 
2 Aerator system 
l Sea water pump 
4 Cooling water pump 
S Distillat(! tank <1nd pump 

... 

Characteristics: 

utilizes low temperature ener9ies 3 
- specific consumption 5 ..• 6 kWh/dist. m 
- vacuum is achieved by siphon-phenomenon 

by liftin9 the equipment about 10 m 
from saa level 
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18000 

Di.":'e.."lSicr.s 

L = 50 m 
B = 18 m 
H ~ 5 m 
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UNOP/ENPPI 
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Egypt 

ENERGY CONSERVATION 
AT ENPPI February 14, 1985 l 

XI OUTLET STACK GAS TEMPERATURES 
IN FURNACES IN HEAT RECOVERY 

If the cont~~ts of H2 S~ varies in stack gases 

l. ... 10 ppm 

the outlet temperature respectively for the dew point 

0 1 0 110 c ...... 50 c 
The H~04 can also.be neutralized by an appropriate base {NH4 OH) but this is a 
costly method and results in ~lumes which probably must be extracted by means of an 
electric fit.ter. >l&O't f'""Fr1>.l-1ur~s. c:u-·" o..fff,·«c:J WJM~k j ... «t c:trk,..._,,,,.s 
:> i O/o 0 t r.,..,, f h,_.tr. 

Tl\~ coolE:r 111ust be sized such that approximately the desired outlet temperature is 
achiev~d. It can also be controlled 

by pass flows of air 
- stack gas blower, but combustion 

conditions are affected by this means 
- by passing stack gases 
- by mixing wann and cold stack gases 

The first method probably causes the least hano for other control systems. The heat 
conservation can be c~lculated approximate~y as follows 

stack gas outlet 
inlet TIC 

( 350 - 140 ) { 1 . g,; S in f ue 1) 

M = mean flow through stack 

Cv • average specific heat of stack gases 

S -10% of the total heat energy is achievable in the stack gases . 

The enthalpy difference is approximately converted into the speed at gases. 

.. ~ 
1\1'1 
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ENERGY CONSE RVA TI or; 
AT ENPPI 

XI OUTLET STACK GAS TEMPERATURES IN • • • (Cont 1 d) 

Pa~e 2E 

February 14, 19811 

350/l40°C presents a typical temperature reduction across the air preheater in an 

oil fired furnaces. Moreover, the reduction of o2-contents also reduces fonnation 

of Na
2 

o.v
2 

0
4

• SV
2
o
5 

which is a difficult corrosive agent. The sulphur contents 

of combustible must not exceed 3.8%. The sensors must be placed in the coolest spots. 

In case of glass or cast iron ·or= stainless steel or·enar.iel:Jed cool part this prob

can be solved, costs get higher and a roi-analysis must be carried out. 

'' . . ,-, 
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ENERGY CONSERVATION 
AT ENPPI 

XII EQUIPriENT FOR HEAT RECOVERY (Example) 

February 14, 1985 

10% of the total heat is recovered by preheating air, therefore this discussion is 
worthwhile. 

ROTARY TYPE OF HEATER (HEAT WHEEL) 

Advanta~es : 

- Resistances of flow small. 
- Small operational energy demand. 

Low construction costs. 
Small, compact and Tight. 

Drawbacks 

- Leaky, sealing may be problematic. 
- Thennal ~xpansion may cause disturbances. 

Risk of fire in case of unburnt materials. 
- Outlet temperature control mandatory 
- Sooting necessary. 

GLASS TYPE OF AIR PREHEATER 

Advantages : 

- No corrosion problems. 
- No sooting necessary. 
- Interchangeable glass tubes. 
- No outlet temp~rature control. 

Drawbacks : 

- Glass is a poor thennaJ conductor . 
- Sig in size and we1ght . 
- Difficult probably to install to e>.isting furnaces. 
- Costs are high. 

". 
""' 
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ENERGY CONSERVATION 
AT ENPPI 

XII EQUIPP£NT FOR HEAT RECOVERY (Cont'd) 

CAST IRON PREHEATER 

Advantages : 

- Modular, tube elements are interchangeable. 
No risks of dew point. 

• No outlet T control. 
- Fairly good thenua·1 conductor 
- Better heat recovery due to low outlet temperature 

Drawbacks : 

- Heavy and massive. 
- Sooting necessary. 
- Costly. 

Page 30 

February 14, 19e:, 

Stainless steel has the same advantages, but it is more costly. It is a better 
thennal conductor. Although some condensation at H2 so4 was allowed, it must be 
removed in any case. 

,, " ,,.., 
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OPTIMIZATION OF HEATERS 
Et£RGY CONSERVATION 

EFFICIENCY OPTIMIZATION OF HEATERS 

Page 1 

March 25, 1985 

To analyze the overall perfonnance of heaters it is often justified to include the 
pumping energy since increasing the size of the pump is llllre costly than the heater. 
The capacity of the heater can be increased by pumping but only to a certain extent. 
The bahaviour is as below schematically : 

If the overall effic1ency is calculated 

~ exerg~es out 

~ exergies in 

I (primary) 
II {secondary) 

a relative perfonnance is obtained. There are constraints like minimum outlet 
temperatures or foding,etc. Taking the pump and heater size and cost functions as 
parameters this optimization is possible. Increasing the pump size n!ans mixing 
or recycling nonnally an frreversible process which is not necessarily economical. 
This mode 1 can be developed for various types of heaters and flows (1 ami na r , 

turbulent, two-phase, etc.). The evident result is that minimized heater surface is 
not necessarily the optimal one. 

i 
I 

Turbulence pronx>tes heat transfer and biggP.r pumps work relatively more efficiently i 

an1 the unit price decreases. This to be matched with the marginal benefit of gained I 
1 energy. Such aspects like possible future expansion of the unit may be one constr

aint. The unit prices for plll1J)~ng and heaters grow logarithmically or linearly with .
1 

the exception that the initial rise is rapid, e.g. 

size 

74 

I 

I 
I 
I 
' 



-: 
2 
c 
~ 

P Soininen 

UNOP/ENPPI 
Cairo 
E pt 

• Enpp1 

OPTIMIZATION OF HEATERS 
ENERG~ CONSERVATION 

Page 2 

March 25, 1985 

The cost function is to be matched with some existing data. A logarithmic model can 
be chosen.The heater is to be handled individually since the flow conditions have 
a clear impact on the results. The model can be made interactive such that the 
necessary parameters are asked by the computer. Defaults can be applied for the 
user convenience. The plotting facility is highly reconmendable to visualize the 
results as a fun•:tion of the selected variable. The model can be updated as addit
ional cost data is obtained. One updating is, of c~urse, the inflation rate if the 
date of the cost data 1s known. 

The input exergies can be calculated approximately 

i = input 
o = output 
Q = heat flow 

~ [(1- Tf.-~) Q a_,_ F.1 
~ [f ,_ ,,. ... 6 )o· ..... r· ] 
' 7i . \ t 

Fi,o = pumping energy (electricitY}.The maximum availab1e energy is a good 
estimate for this exergy 2' real exerqy. This efficiency provides a method to 
compare various solutions. The exergies ·out ~. the recovered energy and it is to 
be evaluated to calculate the return of ti1e investment. Computer model aids also 
to estimate the consequences of fouling or scale fonnation. When and if real values 
of the case are measured, the index can be ~ompared with the initial or the design 
one. It helps to predict possible maintenance operations, sooting or cleaning under 
operation. One advantage of this aporoach is : it is relatively simple and straight 

forward and global. E.g., if the heater gets dirty, the flow resistance increases 
and the perfonnance index automatically notes that. 

Distribution: 

R Duva 11 

M Wahby 
T Hussein 
F Youssef 
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ENERGY CONSERVATION 
- EXERGY PRINCIPLE 

Page 1 

March 19 , 1985 

The advantage of the exergy principle is the applicability nearly anywhere 

E = H - H0 - Ta. ( S - S0 ) 

~ / 
environment 

This offers a siqilified way to calculate exergies. Sometimes, however, T changes 
and an integration is needed to calculate the entropy. This concept has also the 
advantage that the system boundaries can be extended. In case of chemical energy 
the calorific heat is nonnally considered 100% as exergy. Electricity is likewise 
100: available energy = exergy. The temperature levels are advices to be shown. 
This leads to the cascading principle e.g . in preheating train refluxes, products 
pump arounds 

~~~~fo:t I o-b.,. 

l ~ l .I, \!) f" 
It means that there is available energy left in the last cooler to p~heat again 
th~ crude. The exergy flow shows the available energies a~ter preheating the crude 
to be used elsewhere. The rule of thuni> hold that the warm!r heat one has, the 
better it can be used for various purposes and it is consistent with the exergy 
principle. If one has gases steam and variance in temperature, then the energy 
calculation is more tedious. The approximation first presented in most cases gives 
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ENERGY CONSERVATION 
EXERGY PRINCIPLE 

Page I 

March 19. 198~· 

an idea about avaHable energy. Energy flows wHh temperature levels ghe the same 

;dea,~1r energy it~elf without quaHty does not ghe the correct picture. This 
er~ 

deficit rem6ves. The time dependent progress of exergy efficiency will reveal the 

the deteriorat;ng performance of the heater. A permanent instrumentation can be 

, 
I 
I 

; 

installed to detect this behav;our. If an overall performance monitoring is selectea i 
I 

e.g. for a computer, this principle guides ~ow to do it. It reveals in case of 

heaters : 

- leaks 

- fouling 

- deposits 

if the result is correctly ;nterpreted. This is valid for pumps, heaters, compress
ors, blowers,furna es etc.WHhout this kind of figure of merit it is impossible 

to follow the real behaviour of a process equipment. Also, this is a unique method1 , 

widely applicable and simple. It rs a.::ivi ,.,J +,, v.~ .... c(. +-he.. a.,;c..,..~jl "'""'J~,s · 
aj(°'1~"· +4.n£ ~la ... + C"V' ~"-t•nLlf'/- . 
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XII EQUIP~NT FOR HEAT RECOVERY (Cont'd) 

CAST IRON PP£HEATER 

Advantages : 

- Modular, tube elelll!nts are interchangeable. 
- No risks of dew point. 
• No outlet T control. 
- Fairly good thennal conductor 
- Better heat recovery due to low outlet temperature 

Drawbacks : 

- Heavy and massive. 
- Sooting necessary. 

Costly. 
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Stainless steel has the same advantages, but it is more costly. It is a better 
thennal conductor. Although some condensation at H2 so4 was allowed, it must be 
removed in any case. 
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XII I TEMPERATURE CONTROL OF AIR PREHEATERS 

Things to be rel'll!1Tbered 
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- Several T sensors to ensure that the temperature does not reach the dew-point -
1 

of H2 S04• 
- The coolest places within the heater must be selected. 

- By means of a proper material choice these problems could be avoided. 

Temperature can be controlled, e.g 

• By passing air/or stack gases 
Mixing hot and cold stack gases 
Stack gas blower can be controlled, but not good because it affects 

simultaneously cont>ustion conditions 
Correct sizing of the preheater 
Part loads are to be considered,too 

Maintenance 

- Sooting under operation 
- Opening if perfonnance figures indicate 

Types Available 

- Ljungstrom 
- Rothemuhle 

.Swedish 
German 

~ heat wheels 

Kab 1 i tz Mixed expensive 
- Deka glass, little ~:>oting and low final temperature 

Boro silir.ate glass + teflon _,..small thennal expansion. 

Materials 

- Smooth steel 0.17 .... 0.18% C, Si 0.15 ..•. 0.55 Mn 0.4 .... 1.2 
- Glass ...• no condensing but #Orse heat transfer . 

Finned (cast/welded construction) type. 
- Cast iron stands well H2so4• 
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FUELS (QUALITY SPt;CS) 

Typically fuel oil contains the following compounds or element, 

Al . mg/kg . 3.2 Mn 0.6 mg/kg 

A$ • 1.4 Ni 24 • 

Hg n 0.005 Fe 1:3 • 

Cd n 0.002 Zn 8.7 • 

Cr II 4.9 Ti • 

Pb • 0.3 Th 0.4 • 

Mg • 250 v 42 • 

u • 0.9 s I 1.9 .... 2 .8 

c "' 86 N 
,,, 0.3 ,. Jo 

H i 11 0 I 0.4 

Moisture % 0.01 
Ash i 0.02 ••• . o.S 

S and V are inconvenient as to corrosion. 
Average heat contents (effective) 40.5 HJ/kg= 11.25 ~~· 
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(Finland) 

Al or Hg oxides can be added to raise the melting point at hannful v2 o5• The ash 
obtained in oil ccnservation has a certain value in steel industry. Fuel for gas 
turbines can only contain 0.05 I vanadium because of high temperatures, Na reduces 
the melting point of Na-,V- oxides and thus is hannful. It can be dissolved by water 
and separating it , but it is costly. It might be necessary, however, in gas turbine· 
use. There are no economically feasible method to remove vanadium out of the fuel. 
The worst proportion is 1:3 Na/ V and this level must be reduced until some benefit 
can be achieved. v2o5 melt~ at 62s0c and by impact of Na 540°C can be reached. o2 
minimization in all cases is desirable to reduce these harms. Hence o2-contro1 of 
stack gases is highly recomnendable. Also, H2 so4 fonnation is more unlikely in 

absence of o2. 

NA 
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XV Co-/combi generation of steam and electricity 

The gas turi>ine has typi ca11y the features bel~1 : 

- Fast start up. 
- The fuel must be low sulphoric. 
- Excess air is used to control the temperature of the cont>ustion chal!Der. 

Exhaust gases can be conducted to a waste heat boiler to iq:irove the 
efficiency. 

- Vanadium can cause problems because oxides may be fanned and the furnace 
temperature is enough to melt the oxides. 

The cont>i process improves the overall efficiency clearly and up to·42-47 % 

efficiencies can be reached in condensing modes, i.e electricity is generated. Higher 
utilization is achieved if the back pressure concept is adopted. 
It means 

- Steam is extracted in the turi>ine or/and the back-pressure steam is utilized 
in the refinery. 

- Production of electricity is reduced depending on the degree of extraction 
and condensing. 

The energy economy of this process is any way very efficient and always an alternativE 
worth consideration. The schematic process is 
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Although the energy economy of the corrbi process is superior, certain things are to 

be considered : 

Safe steam supply is ~ecessary for the refinery a~d this mear.s that if 

gas turbine trips 

steam turbine '' 
boiler 11 

cornbi ned uni ts 11 

die· refinery must not trio. This means the !"Uitiboiler or -turbine conCP.pt· or 
steam generatorss.tanding by hot.Moreover, the ~finery must have electric supply I 

I 

from the national power grid. 
I 
I 

I 
i The benefits of this process, however, are that electricity is produced at an optimal 

efficiency. Operational reliability is fmproved for the refinery due to altern11.tive 
sources of electricity and steam. The production cost of electricity is nearly the 

. -1 

same as the fuel cost minus losses. 

Requirements of the reliability are high, which tends to increase the costs. 

a ROI analysis is necessary which includes 

Therefore l 
- investment costs 
- Operation ~nd maintenance 
- Fuel and auxiliary materials 
- benefits due to improved availability of that refinery 

- minima1 transportation cf fuel 

Demand of electricity tends to grow nation widely in Egypt as industry develops. This . 

' is one reason for joint productii>n of steam and electricity. 

High demands on the automation will be important. It shou1d cover 

- variable operation modes 

.. ,,... 

automatic start up/run down 
p~tection functions 
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The cOITbi process and back pressure turbine concept a.re nonnally superior to conden
sing units provided that co operation with electric authorities work well, i.e 
surplus can be sold and deficit can be obtained from the genetal net won:. This 1T1.:ans 

energy conservation for the refinery and for the power company. 

Te back-pressure concept would yield electricity as f~llows 

9o L.E/ton oil /ll.2 t4l~/ton /o.85 = o.945 p/kWh 
as production costs. Investment should be taker. ,,., a,;cld;t-icn 
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XVI Zr02 SENSOR IN STACK GAS MONITORING 

The zr0
2 

sensor is to be required for stack gas monitoring for the reasons below 

- better corrt>ustion because this is the promptest indicator of the corrbustion 

process and actions can be taken at once. 

- Minimizing o2-contents ~less 

Na2 v2ci4 • SV? o5 or 
5 Na2o. v2o4 . 11V2 05 

- less pollution due t.o less unburnt and H2so4 

- no moving parts unlike t.he conventional paramagnetic device, recording 

possible simultaneously 

Simulataneous CO may be considered for the reasons below 

if dif~:erent fuels are used the set point of o2- varies depending on 

load 
th@ state of cont>ustion chamber 
type of fuel 

- air leaks ~careful placement of o2-analyzer 

Both of these yield a positive result, 

,, ' ,1,.. 
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XVII ENERGY RECOVERY IN ELECTRIC SYSTEMS 

Typically SSMW/10.5 Mt/a = 8. l ft4'.,/Mt oil/a is the electric supply. 

refinery one typically has 200 motor drives. 

In a 2Mt/a 
1' 

ryr11c..l .: .. s.:: 

10% of the motors drive flows for control purposes. This means that there are 

1.6 foM 8.6 K hrs = 13.76 G'Jhs 

recoverable energy. Utilizing power factor controllers and inverters 20 .••. 30'.~ of 

this energy can be conserved, i.e 

3.44 GWhs 

The oil equivalent is about 0.921 KT/a~ 17{) ks;a and if back pressure concept is 

applied then the saving potential is 

6 0 k S/a 

On the othP.r hand 20 (10%) inverter units are to be acquired 2 •.• Zo k $/each. 

Roughly the payback time is ·Sc-me. 1 year. The insta~on of these units causes • 
only little outage unlike in case of furnace upgrading. This is a smaller potential 

but, however, a porfitable one. Other benefits are 

longer life for motors 
- peak 1 oads can be reduced,\& t.• f+ ,+e..,;'4- -r~ 
- pumps or fans, etc. are l?ss loaded 
- investment savi'lgs in trar·smission equipment (transformers, etc.) 

" " d•Je to replacement of valves or dampers 

It 111\JSt be ensured that the frequency converter producessinus..,1dal waves to avoid 

h~nTK>nics and losses. 

Power factor control yields the benefits below 

- transmission capacity can be reduced 
- transm1si~~n losses are reduced 
- stabilized suppiy voltage 

... 
"'"· 

reduced power get1eration 
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This is indirect energy conservation. I& an induction rooter is variably loaded, a 

solid state power factor controller whir.:,, drops the current feed according to the 

power factor is justified. It is reported that savings up to 30~ are feasible. The 

price of this kind of unit is reasonable, 200 •• • ~600 S and it ranges up to 100 KW. 

The fringe benefit is longer operational-life of the motor. The hal"!I may be hannonics 

which can be filtered. In refineries. however, this has a limited nurrt>er of applica

tions because the nonnal optimal running mode is even maximum load. This reduces 

peaks also when starting up. 

1 

A thyristor driven plant scale power factor compensator could be worth consideration. 

This depends on the policy of the power company. Anyway, this offers the same benefits I 
as above in the national level. 

Typically, if this is installed in the correct place, the reint>ursement time is less 

than 2 years. These equipment do not have any moving parts and hence, little mainten-

ance is required. 

One important saving potential is small~r piping due to reduced pressures which ~s 
clear but not eas~ly calculated . 

... ,,,., 
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STATIC COMP~NSATOR CONTROL SYSTEMS .\ND THEIR SIMUU.TION ON A TNt~ 

Nokia Corporation. Finland 

INTRODUCTION 

Optimizing The equipment ming and Its Control system for • 
specif.c: power system apploe;at.on is critic.al in •;:>Plying a static· 
var system sucassfuny anc: eeonemic.any. The SVS user must 
establl5h crneria tor the trr?Sient performal'lee of the power 
system and develop perforr.ianor specif~tions based on his 
cnter&a for procuring SVS eo.Jipment. This paper deseribes the 
funct.onal ct\a.--.ctensbcs c:J three types of mtic compensator 
control sys1ems a""ld inuoduces a hybric static-var system sim~ 
lation me:Md that combines the flexibility of digital simulation 
with Vie re.I-time computa:::icn advzntages of a TNA. Until the 
dewlopment of this real-titre hybrid SVS model. only two sim~ 
lation techniques were avail20ie for evaluating static-var system 
applations: 

1. The actual static-var sys-.em co trolJer is connected to a TNA 
model of Vie power S)~~ ano the response to system di.s-
1Urt>anc:es is evalualed. V.'":lile this metrlOd takes advantage of 
the economical re~l-time computation inherent in a TNA. lhe 
optimization of the SVS c::>ntror system is limited to~e num
ber of d~erent manuf~ureB· SVS controls that c.an be 
economally interface<: so a TNA during the course of the 
study [lj 

2. The entire ~r syster.. and lhe static-var system controls 
are represented an a dig"':ll transient analysis computer pn> 
gram (2. 3. 4) While lhi$ method pr~ the flexibility for 
analyzing many control systems. the absence of rul-tirne 
simulation caplbility 5e'lef1!ty limits 1he number of control 
systems and sys1em dis:o.JrbAnces that an be irwes1igated 
economically. 

The new simulation ~ described herein combines the 
advantages of bolt! lhe an.log and digital methods in a r-eal
time hybnd simiMtion ol lhe compensator and the power 
system. 

TYPES Of STATtC-c:OMPENSATOR CONTROL SYSTEMS 

Both lhe st.tic-compensator ex>nf'agu.-.tion and control system 
characteris1a must be Oe:sgned to fit lhe primary*'-'• ·::.ation 
requirement wo!Uge regutator, ru~ regulator, or 
ftac.ker suppressor 

Voltage Reglbtar 

A voltage-regulator compem.ator (Figure 1) is usually ~ 
ployed for nnsmis.sion S)'S1em applications. Control is based 
on an enor signal deri"'9d by comparing a mference YOttage 
wo .. ' a measured ~ge W!'1Ch is usually tMsed on an average 
of the liiree phase voltages. A static compensator used to reg~ 
l8te the sys1em voltage: 

• Controls system vo~ during syslem disturb .. :ices, 
es.pedarty large changs in power flows. To damp oscilla
tions and control S)'S1ern .oftage during switching operation!. 
lhe compensator muss twve a response time on the order of 
2-4 c:yctes. The rating d lhe compensator may range from 
lens to hundrats of Ml/ AR. 

• Controls steady--s<.ate ~age. To COtltrol system voltage 
Ouring all steady-state conditions, a large M\/AR range is 
usually 19quir'ld. resul'lllg in lhe use of 1wilched capaci1or 
banks and/or switched ..ac:10tS. 

• Control' tr.nsmission ine power f~ >.static compen~tor 
permits tMgher power ~ by prOV1d1ng vol\.age control at 
key tr:.nsm~ion s~ler:"I locahons. 

11! 
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Reedift-Power Regul8tor 

Satic compensat~ used to regulate react11-e power (fag.ire 2) 
ate applied primarily for industri:.I applications rhe basic pri~ 
ciple i:s lhe same as for a voltage regulator excep: that ru~n.e 
power is lhe measured qu:.ntity. React1v~power regulators are 
usad to: 

• Compensate varying ructn.e power of industria: loads (a~ 
furnaces. rolling mill plants. mine lifts). Since !tie re.a=t•v~ 
power variations fOf these loads can bl! on a cycltH~cle 
basis. response time of tne static compe"~tor contro: mic. 
be on ine order of the 1 cycle. 

• Compensate for unbalanced loads (rec:iuires indrvi~...a· phase 
control). 

• Provide a degl'ft of vort::~ regulation. By compel"ISOlting for 
lhe re.a~~ requirements. the static compensator atso 
reduces voltage fluctuations.. 

Com~tor ming ranges from a few to lens of MVAR. An 
a-.e~ power factor at the load of 0..99 or better c:.ari bl? ob
tained even for lhe most rapidly varying loads. 

T y 

_ Figure 2 Reactn.e power controller. 

FicUr Suppt..or 

A ftidler 5uppressor (Figure 3) controls llOl!age nicker al./5.ed 
by rapidly c:l'langing io.ds fed by fairty wuk power supplies 
IUd'I as dise and spotwelding machines. 

The static compensator conlrol must be ell'tremety fast IC.I be 
effectiloe for flicker reduction. A maximum control delay of ap-_ 
proximately one-half cycle is typical. With lhis response time. 
voltage flicker can be reduced by as much a~ perceot. Re
sponse times of one cycle or more in the s"~tic c:ompei"~tor 
can ec1ually res1.•n in incrused -..o~ge flicker. 

A static compel"CSltor for flicker redue1ion usually contrr. , 
besed on !he ruct~r requirements of the load Thrt ~ 
tor-switched c:apacit~ are sui'lable 5inoe fine tuning 1:-.e • 
age is noc requir'ld. Compensator ratings rar.ge from ·o k\ "l 
IO 1 MVAR. Oue to 1"IC load cl'111rac1enst..;$. ind1vidu.al pl ~ 
control is always 1'9quir9d. 
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i£ HYBRID SYS MODC.L 
.,. ~ry ~uirement for a TNA stnc-wr system model is 
oir it must be cap~ of~~ rul time-a thynstor 
·~le control system. Sance the ~m'-'"' control system 
d1nerent for each application. the model must be eatremely 
••ble IO eval~·ate many diftetent kinds 0: control systems. 

iyf' model of the si&tic-var system (Figures" and 5) is the 
JSt ~ _,ble configuration possible. By modeling the SVS ~ 
.1 tunc:tion dig~ly. the contlal sysi.rn being represented can 
vari~ by a masler mic:nx::ompu!er progranmed with ~ 

uctions determining .tlicti paramet~ in lhe SVS contrOI 
>tem .,. to be ~ ower what ranges Using this infonna
n. lhe c:o.itrol system parameters are ricremenled over their 
:ire ranges for a specific; disturbance in the power SyslerT' 
:>deled on the TNA (switching on a loa:S. load rejection. 111ie 

!rgiution. fault initiation. etc). The re:s;x>nse for uc:h set of 
·~ters is l"en evaluated. In minutes. hundreds of control 
;tems can be studied for a specific; d:S:i.Jrt>anc:e and the~ 
.al conll'OI response can be quickly de'..e""TTlined and specif ed. 

TNA 

u,. " Hybrid reprnentrtion d a si&lic:~r system on a TNA. 

_,,.. 5 lncfo,idual compone~ al a hytlnd s~tic:-v•• 'System 
modd. 

~ con!rof sys:en ~~oire f\Jnci.ons with a ••dt- varoe'!)" o' 
1~toc:·.,.:· cor.r•lf:..i•atior:s &/'Id Irle reacto..e components.
~oe<l Wtttl actual apacitOl'S and ~ctors~n be con
tlguted in any way ~ired Among 11\f! s~letT\$ whieh can be 
rwpresented us•ng t"l•s new hybrid static-var s~tern model are 

• Thyristor<antrolted reoictors: 
• Thyristor<ontrolled reactors with ttiyristo1-switched capac;... 

tlOr$ (variable number of steps); 
• Thyristor-switched apac:ll0t1 

The control system transfer function is simulated on the ded;... 
!:.tied SVS microcomputer: all other model comp.Jnents are 
represented by hardwve. TNA woltage and current s1gnals are 
measured using crKision instrumentation amplifiers and these 
signals are input to the microcomputer control by an ana1c>9-to
digital converter. The power-frequer.c:y vo!Uge controls a 
phase loclt~loop circuit from which all timing signals are 
derived. The phase locXed loop itself is a feedbac:A control "VS
i.n; lherefcn. it is essential that its response to c.. 'lange in pN.se 
angles be stable and 1Nt It can opepte in IN presence of 
twmonics in lhe power-frequency 11oltage. (5) 1 he SYS micro
computer outptJts • digital signal ProPoctional to the desired 
lhyristor firing angle and the digitd signal is latched into tile 
timing circuits. Tt.e phase lockecHoop system initiates opera
tion d the Clock in tne timing circuit!- The firi~angle and 
Clock signalS are compared and, when they are equal, the firing 
circuits..- adivatec4. The ttiyristor firing circuits are optic.ally 
coupled to the 1hyristor rnoclels whid'I indude elec:tronic cir
cuitry to compensate for t. voltage drop in lhe models. 

TMECONTJIOLALGORITHM 
Figure 6 is a simple static-var system feedt;aclt voltage con
troller. The controller transfer function is expressed as a 
function. G(S). which describes the locations of poles and 
zeros on the complex S-plane. 

Figure 6 A simple .,,,"'ft.age-regufator SVS control. 

In digital signaJ processing. the Z-transfor"n Is used to 
obtain a discrete time representation of a continuous trans
f9r function. (6) The new transfer function has the fonn G(Z} 
where each factor z-· represents a time delay ol or... sample 
period. For irt>plernenution on a computer, the function of Z is 
oonYel1ed to a difference equation: 

l.1 L 
y.,. I: ~ x-. t 8- y-

11•0 11•1 
Whlf'e 

y ... Pra.nl output welur; 

Y,..,_Y,..2 ... •Past output values; 

~ l.1.X ... 2 .... • Praen1 Md pesi input values. 

A&.S.. •Constant coeKcients """'ct> tJt• • "-'clion d the 
Nmpl•ng rate end tne conbnuous "-'er lr.rct.on 
being MnUlalecl 

M. L • Pt.;11 .. in~ wfldl Clepend on me lf8nSfer 
"-'c1oon being aomuialed 

In the eom~nsator controller a)?orithm. the Input i 1n error 
l!Ognal (voluge or ructi~ power); the output is a sigr ... propor
tional to the des;red ructor current used to ob~1n the !iring 
angle for the lhyristo)tS. 

The ICCl.llK'y of the 5'tnulation depends on 1tle input signal to 
h controller and the lime required to ptQCeS.S each da~ 
aample. (7) To 1Nke lhe simulatK>n ac.c:urate tor any input 11~ 
na.I. 1tle umple period must be as sho" n po$$ible. The most 
time-c()l\$:;m11"1~ oort•on of rtwa rr,...,,..., ...... ""',;'flo\""' ; .. ~"' -· .... 

1 • = 
' , 

•I 



pl•CAl•O" and 5utnrna~oon l"l!llQu: rt: ,.. ~ d•~t:~nOP .-Jullt()tl 
SP"CL8! oe<l•r.llt~ ha•dw•~ to ~~:>nn •~h mul1tphca1tor\/ 
1umma1ton in less than ~ ma:.-.• ~ instructr0n cycle was 
~~toped The c:ontr()I a'9onthm (r~u~ 7) Is also cap1ble of 
~~nhng current droop anCJ lt!7-nslor-switched ~•IOt'l 

...... , .,., c,o-1-a... ... , ....... ...,, ... 

CM. O&> "'I I• .;, WO ,. .al ....... ,, .......... 

'!'ES a..-•-
1'1<.., .. -

Figu:-e 7 Flow c!Urt ct. SVS mode-" control algoritnm. 

,Add:· ·orwl logic in the control aigorithm represents current 
droop. A signal propor1i0flal to the net SVS current-<>btained 
from actual measurement or out;>Ut of the controller-is fed 
bKk to the aimrning junction a."Jd the referer e vonage for 
obaining the error signal is adjusted aa:ordingty. 

Control for ttlyristOf'-switched upeciton is also included in the 

~)---a,....•_""--.~--..--~..-~~~--.~~~--.~ 

~ 

Figure II Eltample system investigaled. 

F"igure 9 illustrales the re5ponse of the SVS when the load i! 
switched on for three controller gains When the load is swilched 
on. the bus volt11ge decrea.~ and the SVS must increase ttw 
vol\ilge by ~ucing the re.active compenSilhon. For a ~in near 
the optimum (100 per..:ent). the q>f'111oller has only a very shght 
OW'!N\oot and reaches a new sfeady-mte operating point in 
about two c:ycies. With a gain of"30 pe. .2nt. there is no 011er
shoot. but the ~;.onse is very slow. As the gain is increased tc 
about 200 percent. signifocant oscillaliOl'IS in the firing angle 
oc.cur. 

c::ontrol algoria\m: __ f"igune 9A SVS con:roller with gain of 100 pert:ent bus vol'..ilge. 
reactor c:urrenl 

1. Fas1 capacitor switching is required If the error sigNI is 
greater than a predetermined value. This facilitates quickly 
removing c:a;:acitof banks from service following a lar~ 
increase in the syst~m volt.age (such as that caused bf load 
rejection). 

Normal capacitor switching can occur when a react.,, 
reaches one af the limits of its control range. A variable-ti~· 
delay can be used t"' avoid hunting and unnecessary swit~ 
ing calned by the ructor oontrol ~hooting the Sleady
state value. 

EXAMPLE Sl~UL.ATION 
The voltage regulator contrc.I sys1em shown in F".gu~ 6 has a 
transfer f unc:tion of ( 8}. 

K 
G(S) •s 
WIWfW 
K • Controller gain. 

The di"ital simulation of this tn1n5fer func110n 11 

81110,. •KT VENIOi'l,..1 • 81119 ,..1 

~--
T • Time bf>tween ympln ot the ..oll•g• error signal 

Each simulation g~ the SVS ~porue lo ~ spec:if'oe sys1em 
dislurbance fOf one Ml of contTOI paramele~; for exar.iple. a 
voltaQe-re<;iulalOI compe~tor was 1imur;,1ed in a 1imple cir
c:uil with a sw•lched load (F''9J"e 8) and the res;x>nse was 

j 16 

-·-........ ··--.-.:' -........... ~ 
~NM¥NNtNN 

MWiviiiNl}~~WHiWN 
VWifiWW~~wlJl1WNNWN .. · 

F"igure 98 SVS controller witn gain of XI petoent bus wattage. 
re.actor current. 
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f".yure 9C SVS conlroller with gain of ZXl pert:enl bus votu~. 
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A k•t IM~~ o' h l'rybnc: SVS l'!"CIOe: l!i ltl abllrTy ID ....-nemt.r 
lht ..-ror l"J"IA' :'I rr.aswr'9d ar,e ~ ~ 195pc>'llot ro ht 
~ ... : Ttu~ antonnatoon a pathe~ as~ In Fig_,,.• Ind 
proc:.ued by the min~· The rws1.1l'tl..,.. p60n9d In 
fig.., .. 10 l0t h oot•mum pain nw P'OI c:onac ol h !rota~ 
~ tneU41r'lrd 9"0f ~. the ~ ... ~ svs ka

~tanm (BAD). 8rld h lrwtanta"'leOUS llnng Ingle 

l ~ 

' I 

I 

I~· 

i 

' 

.•• --... •.•• , ~···••c. ···~-

-~ 

,....,ure 10 SVS controller wtth pain ol 100 peroerit firing angle. 
pu IUIC9pCanerrt, en'Df' wol:age. 

n. SllS micnx:ornputer controlled by the mester microC:om
~er in F"9Jre • can be operated in 1tte p1rr.metric made to 
sruay 1hr unsitivity to a particular control system variable In 
Figure 11. for eumple_ 19 control systems were simulated and 
ltW owel1hOOI and the wttling time were plotted as 1 function of 
gain. This parametric study was completed in 1 few minutes. 
allowing rapid ev1luation of the control system per1ormance. 

1 .. 

' ' ' 

.... _"" ...... -:. ......... 

---
l 

-
Figin 11 ~ and .n.ling tirrw as 1 functic. n ol gain. 

(Gain of 3X) conwsponds 10 100 percent.) 

USING TME HYBRID SYS lrlOOE. TC,) DEVELOP 
A U'EClflCATlON 

Simullltion lludies .,. crttic:al in ow IUCCeSSful 1pprcation of 1 

~ 8)'Sllem; 1 ~med 111.Jdy essures the~ at: 

1. All equipmanl IP8df\cation optimi:z8d for the applation. 

2. 'The IUCCmlfuf opei stiorl ol the lrwianed mtic-wf 'Y*m

Prior to• lfl.-'Y. an~ to which the~~ 
.c be·~ "1LSt be ~rwd rd· - ol parbmanae 
otlartl established. Onca ~~. ~.., ~ 
CIC*:rtive ., mings ,..,. ti.n •lec:llrd •• family ol OOnll"OI 
~ iho&M be~ let -=ti distutbene» Ind I range 
IMecllld am oplim&lly controe 111 ~ within the r-· 
lcma a c:ttt.ia (Figurw 12). 

,,. ,... hybrid rnlc:roccrnpwlf-<entrolled svs model .. ldeel 
b ._. 111.does ~ of the IPeed Ill wt\iet\ n can limulalle 
~ dtfle,.,.,., c:onll"OI ~ and nr.!er 61ta ID 1 minicom
lll*' for ewtlilrld .,..,.,... The flpjbiJiry 1'.i 1d w.ulili'y of the 
,.. ~ SVS model will tllrciliUtl ir11plementmtion Of,... 
ctrltrOI ~uh~ 0.-.ioelll 

\'£5 

NO 

·t 

Figin 12 TNA-SVS study pl'OC9d~ for lhe develcpment of a 
epec:ific:ation. 

CONa.USIONS 
,_ Optimum a1atic-c:ornpenor control Cft..acteristics ~ 

pand on lhe specific: ~ic:atlon. In spadfyW'Q control system 
cnu.cteristic:s. h c:cmpansator l'llSpol m must be op1;.. 
mlz9d for Ill pcmible systam d&Sturbances. 

2. A programmlble static-var system rr.odel has been success· 
fully interfaced to 1 Transient NeTwooi Analyzer (TNA) 
0per3ting in real time. the microcompuier-twased model
c:ommanded by • muter microcomputer-simulates a ttly
ristor firing-angle control system. Mlny control syste"'s can 
be simulated for various power system disturbances Ind lhe 
ft!SPOl'ISeS analynd by a minicomputer . 

3. The TNA simutmtor system is an irwlluable tool for users 
planning to lpPly mtic-var systems. Because of tne nature 
al the reaHime hybrid ThlA simuWtion, •complete specif .. 
Clllion lor an SVS control system can be deYeloped in a shorl 
time Leing I single SVS model. 

4. The digi1al control tllchnotogy can be applied to ICtUll co~ 
lrol sy!l°et71S let ~ sys1em 1pplic:l1ons. The v..-ne 
pogran. rw.ble IM1Urs 1ha1 has a.:i mud'l ll;>PUI for l'limula
tion mo otfn similar mvantages (lhe ability to optimize the 
perfonnanc1 of a general oontrol S)'S1em for a P1rticul1r 
ipplic:slion and the atlility to modify lhe corrttOller IS I System 
changes) in I field inslallation. 
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Frg. 17. 

Schematic diagram of an automatic capacitor bank .,,itf'I,. 1cri'~• po'llfflr ''9ulator. 

H; .onic filters 

Harmomc fillers are anoU1ttr source of com
;ier.5at1on. In a filter. al' inductive coil is 
:onnected 1n series with a capacitor bank. 
The inductance of the coil is such that the 
:apac1tor and reactor series c1rcu1t offers 
a low impedance to a certain harmonic Ir• 
:iuency. Thus, the harmonic flows into the 
filter wnere it is absorbed and does not 
alfect other parts of the plant. or the net
"""rk. At thr ~.;,me time the filter provides 
reactive power at the fundamental fr• 
Quency. 

Among the problems caused by harmonics 
are 1nteirup11ons to te1eeommun1ca11ons, 
disturbances to the control al'd protection 
systems of the network. malfunct1on1ng of 
relays and dangerous over.rollages due to 
resonance. The extra losus tnat occur 1n 
cao1es. transformers. motors and generators 
are a1so of s1gn1f1cance: rhey cause 1oss of 
energy and exceu temperature r1so 1n tne 
~Quipment. 

Harmonic lifters can be connected to either 
LV or HV circuits. Where there are several 
harmonic generating loads. eacn led by a 
distribution transformer. it is onen more 
economical to eliminate the harmonics by 
installing lifters centrally at the HV busbar. 
rather tnan to nave separate fillers on the 
LV s1 Je of each transformer. 

A f' ter is normally designed so !hat each of 
the lo·Ner harmonics has an ind1v1dua1 cir· 
cuit and the higher harmonics a common 
high-pass filter. The most freQuently en
countered and potentially hilmlful hannC'nics 
are the 5tl'I and 7th, wn1ch are genera'.ed Dy 
&-pulse rectifiers. 

These also produce 11111 and 1Jtn har· 
monies. In such a case the l•lter wo1;1d 
consist of separate circuits for tne Stn and 
7th and a wide band filter for ellm1nat1on 
of the 11th, 1311'1 and h1g1 •er harmonics. 
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producing 

hannonlcs at>sorptton absorption wide band 
circuit circuit 

ig. 151. 
Fig. :!O. 

"dlem•tic diagram of .,, HV r~itor 
·vill connected In doubt• star with u~ 
'•I.nee protection. 

Typical lilt., construction of tM pl•nt. . ' 

nyrtstor controlled c:apacitors, wtaich are 
:ore simple in construction than the last 
:atic compensators described above, are 
!fY suitable for last reactive powet com
!nsatlon. The cap9Citor Is equipped with IZI 
thyristor switdl, which replaces the t,.. 

.tional cont-=tor. Raqulator operations 
·e combined with the automatic thyristor 
:mtrols. This equipment can rac>idly com
!flsate for fast reective power fluctuations 
• welding macllines and the consequent 
>ltage variations. 

-lo< ----

) 

Fig. 21. 

1111• 

Nt 

1 some instances. for example arc furnaces 
rid welding ma:hines. there are very rapid 
uctuations in reectlve powet wrthin a shor1 
eno<I - i.e. a few cycles. Traditional 
1ethods of ruc:tive power control are not 
u1table since they are too stow for sucn 
inatiOnL 

lmP«Jance curve •nd substituting connec
tion of th• h•rmonic filter end of th• net· 
work in •ccord•nce with th• figure 20. 

he fast static compensator has been d• 
!loped to deal with this problem. 

he NOKIA Fut Static Compensator con-
1sts of a fixed shunt cal'loac:itor bank, nor
ially tuned as a filter, and a thyristor· 
ontrollec • shunt reactor. By controlling the 
?actor current, tne total re.ctive power 
upplied Dy tn.t l.s.c. into the networtc Is 
orrnpond1ngly ad1usted. 

T 
3 

v 
Fig.22. 
Absorption circuit of on~ harmonic and 
high pass filter of higher harmonics ana 
their impedance curves. 
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T T 
5 7 

6 
T 

Control 
system 

hus tne P\armonics generated both by tne 
>ad and 1ne tnyrlstors are eliminated. 
ience. the d1sadvantag111 of lluctuattons 1n 
!acirff po111r. arid tne narmon1es are Doth 
"11n1m1zec2. 

Arc furnaces F 11ter banks 
Wide Dand Aeilctor 

controlled 
Dy thyristors 

itatlc com;>et'lsat~..,.. also ·Js.l to ret1uce 
".lllage vanat.ons c.auHd :Jy power cnanges Fig. 23. 



Operation and Construction of 
SAMI Frequency Converter 

Pulse width modulated 
inverter 
.,...,e speed of a -noror cari oe cor:rroilec bv varv1n9 ;ne 
•recuency at the suooiv 1101tage. The soeea is airec:1y 
proportronal ro the trequenC'{ The flux and me to~aue 
of me :-r;otor can oe keot constant by also 11ar;1ng :he 
11c11age 1n orooort1o;i to the tr~quency. 

lri :he SAMI Frecuency Converter tl"ie frequency and 
!'"le voltage are contro:led oy means ct the Pu1se Width 
Modulation 1 PWM • method The main circuit ot SAMI 
comprises a diode rectifier for recrifying trie ma1r.s 
supply voltage. an LC circuit for fiitering the a.c 
vc1tage. and a PWM 1n11erter In regeneranve SAMI 
~oes. the dioce rec:1f1er is rep1aced by an ant1-caraile: 
:r.vr:stor bridge to feec :he orak1ng energy oac11 into 
me supply network 

The dependence of the SAMI output vo1tage on the fre
::uenc·, is shown 1r. Fig. 6 The frequency range is 0 5 
'.O 100 Hz consrsting oi :wo sue-ranges 

• C 5 10 50 Hz The cons:ar.: flux range 1r wnrcn the 
w1dtt'ls and :he number of ouises are vaned tc contro1 
:re vo1tage in croport1on to the frequency 

• 50 re 100 Hz. The t1ela weaken1nc;; range,,., which the 
vo1tage is consrant1y at its rated •alue anc tnere is a 
s1ng1e vo1tage pu;$e onrv per each half-cycle 

Low supply current 
-"d""'S :o its princrpie o~ oce•a::on. SAMI draws fro.rT' 
:ne supply a currerr rna: :ons1sts a1most ennrely ct ac· 
!•ve :urrent The po;-..er 'ac:cr 1n •e1anon to the suoplv 
. s aocrox. ~ tnrougnou: '.ne :ontrc1 ~ange 7'ie O'i'!'.;' 
'~:or_9l__a_ mO!O'.:__:'.'Ve SuPJ!!•eQ !:cm a S6ML.;s 
t'1ere•ore oerer :han :na: :if a motor suop11ec direc::v 
"trom the rr'1a1ns._ _ - - -- - · --

F:g. 7 shows :he supply current I. of :he SAM! drive at 
different motor load toroues T .... The currerit decreases 
1n almost direct proportion to tne frequency and the 
speed. while 1n a d.c. drive. for exa~::. 1 ~. cne current 
drawn from the supply remains at the rated value 
w1tnin me entire contro1 range 1f the load torc:uc is con
s:ant 

7ne iow supply current of SAMI means a cons1derao1e 
ac\.antagelnstart7"ng rne-s:arting curren: is -always 
ai,.....ost zero. wnereas 1n direc: starnng on :he supply 1t 
. ...,,i oe 6 ~o 7 :1mes tne ·atea curre,,t 

Economical standard 
construction 
The varying 'ecu1remer.ts of c:fferent ac:::i:cat:ons 3": 
provided for !Jy :he moauiar construc11or of SAMI - .. e 
standard cons1ruct1on will be suftic1er.: •or ~any a::
plications. ana can be supplemented w1:1"1 aot1cna1 ac 
cessones as '1ecessarv The standarc ur.;: 1nc1uaes :re 
converter unit itself. complete with supoiv cor.nec:·c~ 
fuses and con:actors. with comrol circ;;1t connec::c-s 
tor manual se~1ng. D•tterent apphca11cr.s ·ec;;1re :: '· 
ferent numbe•s ot control devices. these are not ·rc:_:
ed :r :ne stancard unit but can be oraere::: 35 •e:::~··-=: 

Versatile optional features 
Several ocvo:iai :eatures are a11:;1iable for S,C.i\11 .,.,. 
ciud1ng 

• 01f~erent cor.troi ar.c :ransducer corf:ec::or.s 
• ?•ocess c:;,.:·oller ·e.g. pressure c:in:~o1!e"' 
•Referer.::e -~:egra!Qr 
• 7orque 11r-1:::ig 3r.c ·ncreasing 
• Stall prc:e·::.cn 
• Tacnomete• ::onne:::or. 
• 9., -pass ::·::~1t 

• Ther~a1 :·c:ec:1on ::i' "1C:or 
• Control oc• 

For ce:a11s a' :-e oor!O"S ;ee oages 8 

Main parts of SAMI 
=·gs. 5 anc a snov. :re -.;:n :JJr:s J 1 .... ~ SA'.' -•<> . 

cuer.c·; Cor·.e.-:er 

Mairs correction 
2 Control conrec:1ons 1nc:u:::ed 1n s:ar.:::ar::: 

cons:ruc:;on 
3 Control connec11ons for 0011ona1 ac::essones 
4 Protect1cri switch uni: 
5 Main con:ac:or 
6 Supervis•on panel 
7 Fas: •uses 
8 Fuse-sw1tcr 
9 Rating p1ate 

10 Cooling a1• :iutle: 
11 Cooling 31• 'an 
12 D•ode •ec:: 1,er r or an:.·oaralle! :rvns:::ir or1oge 
~ 3 Opt:ona1 aoo1tcat1on cares 
14 Frequenc> Conver.er -:oncro1 ca•Cs 
15 ?;;lse ar""O••''er and 1nver.er 
16 Ac;x1l1ar> vo1:age source 
17 Currer.: .~easunng :ransducers 
18 C:imrnu:a: or •Jn1r 
,9 0: C~'J .. ~ 
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Technical Data 
1. Specifications 
common to all types 
• 5 .... ::r" -~'~'1911? .;o,..~·!"luQ\.S .,..-: 

-':"-~-:a·" 3 :::"a5~ s ... 001..., 
~ ... =: .. ··~-=-~ ... ::: . 

• .::: .. • .. ~· ".J.:. ·:' •.")• ... cl .. : 

..... -o .... ·c 
3 ·,::oe• 
3C ···='!s 
3C ··=~s 

• e·· ·.:: ~ ... : ... J: -3··t"(l va.: 
• : .. ::iu: .c.~agie 

• = ::Jrs:a-: 
=~..,s:~l"": 

~- - .• ~ ',J .. 

a~ SJ ... : 
s.J •Cl() -: 

: ,.. .:; :•·· .. !',.. ':'"iS~~ 

~= ·.:•"i -= ·-: 5,,., ... ·a:~-: :--..... ~ .. 
• ~~·-·ss.: ~ 1-= ~-- ·-!-=-t"·a~--~ 

• _:r:- -:; -~-= -- ..... -- -:~·a !'~,.. 

-:o~.i ~"'d'" ~3 - -
·0 :· 

• = j ,... :-: .:_. Cl;.._ ,;v:J 
AocucJC·~ ·:·: 3!"'::' • :: ... "'!·-<. 

NORMAL TYPES B ANO ea 

.:-:c = 
}13 = 

-·-: 

. -: . : 
sec" 
;:.:..v. ·' a sec 

~ca 

o..: 3 
'!·;a 

. ::ca 

. :·: 3 
·.;i: a 
:i:-: 3 

·=~ 9 
2 • ~•: a 
: • ;:: ! 

66\l \I 
s~ ... ;·3;~: 

. j: '! 
: : : : 
: : - : 
: : "a 
.:. : : ~ 
:-: 3 

R•tea 
C\I ..... , 

o• SAr.tl 
,.,ou: .,.c; 
out::Ntl 

. .: 

:? .. ~ 
... ~ 

Contt .. t·tOl'que IO.a 

HtgNH !'ttas 
rat.a SAMI 

OO••r of ~-· 
the •ncnor lit 50 Hr 

·-:.: 
·-'-
~50 
J·s 
sec 
530 

53 

·~= 

T'"' 

250 
Jl5 
~ 
El~ 
3:)C 

. J: 

.. .. 

"4991'\ett "•• 
•ate<! SAMI 

power a• gower 
tf\e motor It 50 Hz 

oi·.\ 
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2. Principle of type 
designation :-

••• 
o~..-.!'' ·a··'"'; .. "'·:.. ----------------

..... s arc :~--···r...;4 :?· ... -::!') -.ro • 

aG - -~~-'!·i~·-.. !> !lr:1,.n.;; ··=~ 

2. Specifications for 
individual types 
• Load power ratings permitted for S.l.M: 
• Motor to be selected as described on page 12 
• In addition to the types listed below oth~r 

types are also available on special order 

~ .. 
S.&11ot1 
;)Ow er 

~';a"' 

J! 

. ' 

REGENERATIVE BRAKING TYP=S BG 

380 ., 
s~·.-

s.;c ·. 

... : -

-.... : . 

; ... : -
- ... ? : 

66C • 

or S.1M1 
•1no._.r J": 

Ou!01.1t 

Mo'i""4!~ • "•'t: • 
•a•t: ;~·.· .,a • .-· :· : ~ ... -

tn• ..--:·-:· 1· :: 

-. : 

·' 

- --- --------- ------ ------. .; . : 3: -·--- -------· 
.. - •. ,,. i ... •' 
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4. Control connections, standard SAM I 

r--· 

~u,..,,•r.; Jl"IC star!1n9 

;:,rt!...,t!rtte'O 

Stoo 

Star. 

; .. ~uel""C\. refere,,ce 
Sl!'.'•n<; 

\4easur~e,,~ 'Jf 

·~a c.,.,,en~ 

:\1~asureme:nt :r 
1"~Ut!,,C'w 

-6 67', 

= c·. 

0 •,.,..;.. 

J.TmA 

a.: ... ;.. 

~·. 

0 

Symbols and 
terminals . : 

Nor es 

i---~.:· 80~- :r-: .. ·: ::·-~s::--~ .. ·: 'S~~- .. --~ _ 

c-;..~G 

!!'. -:-::r~ 

--· --- . 
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:.:.\,;_ 
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~ :s.:: 

.__........, 
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Optional Features 
1. Optional appllcatlon cards. placed In Control Unit 

a.--.- ..... ._.. 
• Qa"-IC l8almDoll liar ...,.. -iac .qw.. 

• lfa' 1nOut Ilg'*- or OJ V. CL 10 v. o....JD mA. 

...n'CAl!D ~ 11\A. Cl.....!lll mA - 10.-'0 ""'-
sue l1 INlll:llll !HP 

• lntUI for ..._....,., ctwlgl ow ... • .!. 10 v -111 -• COl•,..Dall for .._ 
• o...c - or 111111119 ;..-. ......,~Cit!-

• ......_ ~ - 15-.. + 15 v or CL2D mA. 

OUTPUT' CAii> • Qai-iic i-.t1on 8lftDlll'W for $VII OUl&IUl ~ IUCft u Ou1PUI 8l9ftal9 - o._1 11\A. ~ " Q...Jll mA sue 22 OUT CZ c:flJ ~ .......... ·~-~ .. ~CllQlll .. - ~ mA. Tbe llgNle CM lie ....S -
MMC 3' our (1 CfLJ ~ ""*" --or~ llWr - ..... - De dllln990-

1°"°'JE ANO T1lle card la ueeo If ~ _...lion or 

~ 
• ~ ....... ._~"'pump - r.n di"- ~8110i• .. .....er for Irie -· --

UMl'TlNO CAAO • L.llMlnG ol "- - ,... tin'- of. ,..,. I-.... ~'-a lllgft 809ild ••_..or If II 
!AMC 23 TAl. 

• u.- llmlUn; of .,.,_.,. .,.., muimum ~- la ~ In 11U11111 di'-. ID ... an _. 

~""*'-
~ algl'9I for tr11a card can De 00181Mll 

OONTAOl. CAAD • ta el .,.,,,,..,.. rm el!R?lllftg a.ai .-cl ~ or !!i!:!ld flofll • ~-. Yla lfte l"CIUI C.U or.,. 
ir. SO.O ~ "1llua c.n2 SAUC 25 SMt sue i. CON .__ 
"-"*-- GdW QClllan - &a. SoUIC l1 INP 
and SAWC 23 TAL. • 

lOACUIE 
MAXIMIZING • U..S Ill ~ di'- ID mulmlU awtklCI t:lrQlaa ol ~ ... ol Still! ~ CM! 
CMD Mb&i'. SAMC Z1 STP la •-r•••ldllll& 
~251'1X - • SPEED~ Colwa er. 1a:11011- pu• alQNI or a oc 11gr.i neo • Mulnv!t 111*9 ~ .. 15 llttz, muJmum W.UIECAAO 8ldlllllllealQNI lortrleSAMI Ill~ ap..o CXll'lllal or.., ma 

"9lgfll a& " No O.i-tlC laolallan. ~215"' ~,__ 

STALL P'l'Cr'ECTION • lilonltDfa rnot11r IOI' IGllla. CJ'- an CIC*li"O or doling -
CARD 1a:1 91g1i.1 after Ille "Dque 11111111ng dlt:Ulta ,_ oarnra1• Clper8tm afW a oa1ay of lbOut JO -'Cle. 
So\MC XTSTP -~o-n. 

JIOl\IE1t AHO 10AC1JIE • U.. QlftWll MCI 1IOftllge ID ~ algNla llioeiortionml ID Ou1IJUI liQl'llll Q...20 mA. "-2> iTIA. a.._ 1 mA or 
MEN!l IRIEMENT CARD 

~-torqua ~ v. No gaMnlC laolallon.. 
So\MC 31""" 

MUU'IPUIER CARD • UMd wtll'l 11'19 SAlllC 24 CON CMS In contnll ~ .,_ 

~MCJO~ 
Ille~ 9IQN6 la_...., 10 lfte baalC: ...,.,.,_Inc» 
.. ,., Oft)lllOrtlon.. 

MOIOf' THERMAL • Ueld to INOllQ iTIOICll' mgallllt _,_..1'111 If no OtfW Illar· Alam! MCI trlppng llmlta can Ila~~ 
~CARO mat proC9CllOn (&g. ~ .. CWQllllMCL _...,_If Illa ll'ICIPlflll Amil la -.C-.0.. Illa 
SAMC 31 WTJll .... .,._,_far nlGumCll CDOllng at le» ~ SAMI ..,._ 

• u.s In di'- oonalllinll ol parallel ~ or ,_ CPflC 
COWP!lMIOfl ~ conlnll) Ill CQnjullCdon wllll lfte SAMC 24 CON CMS to _, Four do9lnG cont1.c:m, c:ao-;1ty Q.7'5 A/f!IJ v 
SAMCJ:za- l*9llel ~ f- or conro_. • neeci.L mc:ft. 

• CM De UMi1 ai.o far lrdc9llOn of ~ • 11mn -• Llrlllllng l'9gUlafar. wNcll can be 1.-d IO llnWr lfte lo-2 of 
Illa So\MI om.. _.11111111 °" a. c:unwn or ~ of -
oawmoear. 

UMl'TE' CARO • Mllllnun or mullrUll ...,.,. Mlactor diadl; IOI' Ille 
S,,.WC 31 UC ,...,_ ...... CM lie~ altrw ~or a- ol !WO ..... • =1'111 ClfQolt ID 9lllOOOI -llal!One In Ole acn.I ..W 

IUS CAAD • n.a earcs I• uaecl If Illa a.ll9d QC>tlan c:an1e cwinoc be ec-
SAMC 37 llUS CIOfNllOd8l9CI In Illa So\1111'9 Conaol Unit MCI an ..,..on 

IKir •• IWCIUll9C1 

• UMd !Ike a motor~• IO 11.,_fe ,.,.,_ ' 
• l"OUf algnala + 24 V, +'8 V. 20 lllA. 

P\A..5E CONTAOu.ED ~ • Mu. OUIN train fr9CIUe"C'f 5 ~ 
AEFERIEHCl CARO • Input aignet a1ao IN.Wiied •a pul• •·~"' trom CQinCIUW. 

• Ra• of cn.anoe of Ille rwt.-.c. ·- can b9 SAWCCPCA • Outing • 00- .... ..,.. l1le ,..,...,_ ...... c:an De......,., In 
-~5••ndl90a. 

• "*"OfY, 

• 
~L 

• TNe cud ~ up IO 5 MIDI*! dl8'I098 ID Illa CllialfM FREQUENCY 
P'ACll"IECTlOH CAAO polntt In Illa ~ ,..,.,_ f'Mg8 IO ..old ~ 

SAMC'8~ auea.g.10---. 

"1NNIHO START 
• UMll IO 81att and *"' iClli cw It& Illa SAM! !O a l\llW!lng -CNIO 

~·$PS Wlll'llluf • lllCflDll ... 

L0A0 SUPIEJ'VISION • 0..- and und.io.I ~- 1 • NO cor.faef 0.7'5 MIO V. CAM) 
• l'uni:tlOn ClrCUlf y-a (ll'OL • '""",.11ir a.12 • ... ao .. SoUC '7 LSV . s..-- of Illa ec:tial .. iue Of ~. 

TEJIMrHAL ILOCll: I The lrlOUI and Oufput ~ Cllr-.a 819 ~ 
I 

• Uaecl ID conn.c1 algnai9 of <*1aln OOl\Cfl ~ OUf ot Illa ' CARO I So\MI. e.cl'8d ag.- • ...,.,,. ~ 
SAlolT' 11 TIC rmu:. 105 vi 

OC T.tCH<) 

I • UMll 10 -left IN 0C ....,_., 91Gnel IO flla SAMC 211 S.W I MATCHING CAAD Maximum l"OUf >Ollaga 900 V OC 
So\MT 22 l'WC CMS. 

I 

INDICATING CAii() i • UMll •, CQrlfunetlOn wnn Illa SAMC 31 lltTJt Motar TNmlel I l'l....S In Ille Sot.WI Control UNI onto 1"8 So\MC I l"OR SA MC 31 llolTl' i ~ C-. LLD trllllc:alOfW tor "'Olor ooetterfll*atura 31 WT'P cares. 
Sot.MT 2• "'"' 

I 
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2. Control Panels and Control Box 

CONTROL PANEL SAMI 1 PAN 

The comrol P9M a1n be mounted. for example. on a 
conuol room d9llt or I SAMI 1 BOX contJOI boa. The 
pe,.r c:ornaina dw falowing contrOI ..t monitoring 
d9vicm: 

• Push-buttonS ON and OFF for comactar contrOI-
• Push-buttonS ST ART and STOP for starting and 

slQOPilig SAMI. 
• Push-button AUTO for se!ection of autom1tic con-

trOI mode. 
• FAULT &.mp for fault indication. 
• Potentiometer 2 k0i5 W for frequency setting. 
• Frequency indicator f ;Hz!. scale 0 ... 100. 
• Power meter I :%i. scale 0 ... 100 
• EMERGENCY-STOP push-button 
• REVERSE push-button for selection of motor's rota-

tion dil ection 

The dimensions of the panel are: width 252 nvn. height 
185 mm. depth II> mm. The dimetlSiot'ls of the cut-out 
for the panel are: width 225 mm. height 160 mm. 

CONTROL PANEL SAMI 11 PAN 

The control panel SAMI 11 PAN is installed in the d00t 
, of the SAMI. The panel is identical with the SAMI 1 

PAN. only it has no frequency or current meters. 

CONTROL BOX SAMI 1 BOX 

The control box includes a control panel SAMI 1 PAN. 
which is mounted in a steel box. The box may be 
placed where required and fixed with four bolts. The 
dimensions of the box are: width 300 mm. height 200 
mm and dftoth 200 mm. The enclosure class of the steel 
box is i"54. but the devices mounted on it make the 
enclowre class of the SAMI 1 BOX to IP21. 

!25 

Fig. 9. 
Coniral 1*we1SAMI1 PAN. 

F19. 10. 
Control panel SAMI I I PAN insatees on IN door of tne SAMI. 

Cll72.CZ ...,. .. 

Fig. ti. 
Control bo• SAMI I BOX 
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3. Other optional equipment 

BY.PASS CIRCUITS 

BN>9D circuits an be ~ 10 provide a direct rneins 
supply pest the SAMI; the rnoair wil thin run without 
c:on:rol. The um of• by-s- circuit mey be jusiiMd by 
,...,,. involving the process or maintenance. The 
SAMI can be servic8d while the motor is Nnning. The 
by-pass circuit is mount911 in an additional cubicle 
beside the standard SAi''.. 

aJ 

F"lg. 12. 
ly-omg arcuils. al M-.aly conlrllled. 111 Wllh prO¥ilian fo 
-c:ontral 

al ~ly contrOlled by-pass circuit employi"{ 
isolators. 

bl Circuit fOf autamlltic by-pass OI remote contrOI. 
employmg contac:tors. 

•· 
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SYNCHRONIZING BY-PASS CIRCUIT 

By using • synchrOnizing by-pas circuit it is possible to 
synchronize a motor suPC>lied by the SAMI with the 
~ m••ncv aM rben <;hanga it gyer tg ma•ns 
sugply without any jerk_ Thus. the SAMI can be used 
to stan pmrallet motors smoothly to the mains KC:Or· 

I 
I r- -, ,--

I I 
I I 
I A I 
I I 
I fi I Kll 
I I 
I I 
I I 

I 
I 

\ ___ J 

l 

1 

K12 

·I 
\,_ --

ding to need. a the current drawn by the SAMI at st<J· . 
is very low. 

The synchronizing circuits are placed in an addition; 
cubicle beside the SAMI cabinet. 

--, ,-- -~ ,-- --, 
I 

1 I \ 
I I 

I J 
K21 I KJl 

I 
I 
I 
I 

) I ) I 
K22 I K32 

I 
r 
I -- _) 

Ml 

Fig 13. 
Synctironozing by-pass l!Q1 .. oment f0t conneenng motOtS -~ 
ro the suc:OIY hne A • svnctironizing UM. I( t 1 10 1(31 • line suppl> 
::on11erors 1na Kl2 10 l(J2 • SAMI supply contKtOrS. 

EARTH FAULT PROTECTION UNIT SAME 

The SAME Earth Fault Protection Unit monitors tht 
motor side of the SAMI for possible earth leaks. Tht 
SAME l.W1it is installed in the SAMI cabinet. In the even
of an earth fault. the unit gives a change-over contac. 
signal which can be connected either as an alarm or tc 
trip the SAMI. 

4. Converter Unit SAMU 
ihe SAMl's pawer pack with the associated control 
electronics are built as a compact unit provided with 
wnee1s, so it can be pulled out of the SAMI cabinet. 
This SAMU Converter Unit !see photo on back coverl 
can be supplied separately to be i,,stalled in the 
'.:".Jstomer's cabinet. 

In order to use the SAMU Converter Unit as a freQuen 
cy converter, it must be provicJed with auxiliary dev1c;r: 
such as a DC choke. fuses. switching eQu1pment ar, 
relays. These rnust be dimensioned as in a correspon• 
ing SAMI. Stromberg will supply these auxrt• 
devices on Spl!c1al order as reauired. 

1'. ~--------------~----~----1_2_7 __________________________ ~----~ 



Selecting SAMI type and motor 
1. Specify initial data 
In order t0 select 1he right SAMl-motor combiMtion. 
the following infonNtion must be .,,..,..: 

- ....._ supply voit.ge u M 
- Speed range of drive n_ - n_ [rpmj 
- Load tOIO'Je T (Nml and its dependence on speed. 

The n;~t common cases are constant torqUe and 
torque which increaSeS in proportion to the square 
of the speed (pump end fan drives>. 

2. Specify the number of 
pole pairs on the motor 
The number of pole pairs p. whid1 de.-mines the sr.i
chronous speed n. of the motor. is usually selected ac
cording to n_. 11'1 SAMI drivei. however. over-svn· 
chronous speeds are also ~;.did. as the frequency 
range extends up to 100 Hz. Jver-syna.ronous speeds 
are in many cases advantageOUS in constam-torque 
drives. 

3. Specify motor power 
rating 
The power rating of the motor can be selected quickly 
with the aid of the motor selection nornogram of Fig. 
14, which makes allowance for the reduced cooling a~ 
subsequent heating of the motor in frequency con
verter drives. Proceed as follows: 

• In quadrant 1, select the speed n_ on the scale cor· 
responding to the chosen number of pole pairs p I 1. 
2. 3 or 41. 

• Trace horizontally to quadrant 2 up to the M curve. 
• From the intersection of the horizontal trace and the 

M curve. trace vertically downwards imo quadram 3 
up to the line corresponding to the load torque T. 

• From the intersection of the vertical trace and T. 
trace horizontally left to the power scale correspon· 
ding to the chosen number of pole pairs. 

• The intersection of the horizontal trace and the 
power scale now yields the power required. 

• If a pump or fan drive is involved. select the standard 
motor next largest to the required power. 

• In case of a constant-torque drive, specify the power 
corresponding to n_ in the same way as for n_ in 
the above. 

• For constant-torque drive, select the motor accord· 
ing to the larger of the two power ratings: n_ or 
n_. 

4. Select a suitable SAMI 
The SAMI appropriate for the motor is selected 
according to 

• the supply voltage. 
• the duty type (conStant·torque/pump drivel. and 
• the design current I, of the S.AMI. 

The design current I, can be calculated from 

I, • 10.566 + :>.15 • T _1T ,.) ><I., • k. ><I,. 

I., and T _ • .-T .. are both obtained ftbm the motor list. 

Table 1 lisu some values of the coefficient k~ 

T-/T• 11:. T_tT., It. T_1T., •• 
2.0 o.• 2.7 0..57 3.4 1.CJ15 
2.1 o.• 2.1 0.9E 3.5 1.0S 
2.2 0.195 2.9 1.00 3.5 1.105 
2.3 G.91 l.0 1.015 3.7 1.12 
2.4 0..925 3.1 1.m 3.1 1.1315 
2.5 0.94 3.2 1.Gl!i 3.9 1.15 
2.15 0.9515 3.3 1.0I 4.0 1.1115 

Table 1. S.-."ting wlues of design coef'icient k. for dif
ferent values of the ratio T _/T., lobtainJd from motor 
list). 

After calculating I" select a SAMI tYPe from Tables on 
page 6 so that: 
• In the case of a constant-torque drive the rated cur

rent of the SAMI is higher than 1.-
• In the case of a pump or fan drive plus a SAMC 23 

TAL card the ~ current of the SAMI is higher 
th8r1 0.9 x I,. 

• The SAMI selected on the :>asis of the design current 
is capable of giving sufficient power !see table on 
page 61. 

• If regenerative braking is desired. choose a suitable 
SAMI BG type. 

The table on page 6 lists the power ratings suitable for 
motors in which T _1T., s 2.9. 

5. In case of any special 
requirements, contact 
the nearest Stromberg 
representative 
Certain special requirements make a more detailed 
selection procedure necessary. SAMI salesmen will be 
happy to _assist you in problems such as 

- high accura<Y speed control 
- starting large-jnecria loads 
- high startina torque 
- rugh speed 
- high power requirement 
- especially high braking power requirement 
- multiple-motor drives etc. 

6. Selection example 
Drawn on the nomogram is a selection example for a 
drive in which n_ • 600 rpm, n_ a 1500 rpm, and a 
constant tOtQue of 360 Nm is required throughout the 
ooerating range. 

1. Number of pole pairs chosen as p • 2. TI .e motor 
will be P • 90 kW/1500 rpm. 
n_ requir• 90 kW; n_ would require 75 kW only. 

2. Number of pole pairs chosen as p • 3. The motor 
will be P • 75 kW I 1000 rpm. 
n_ requires 75 kW; n_ would only require 55 kW. 

Selection of S.AMI for Jal V supply: 

1. For a 90 kW motor: SAMI 133 8 380. 
2. For a 75 kW motor: SAMI 100 8 380. 

Altemative No. 2 is the most economical in initial 

1 2 ~utlay. 

.) 
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XVIII BENEFITS OF ON-LINE OPTIMIZATION 

A computerized system could work in a refinery by adjusting set points. Typically, 

(ethene plan:) interfacing includes : 

528 AIS analog inputs 

160 DIS digital inputs 

252 APS analog outputs 

32 DOS digital outptJts 

Moreover, there are readings of special instruments like gas chromatograpries A 500 
KB CPU and 2 x 67 x 18 discs with auxiliaries has been sufficient for this purpose. 

ihe fuctions inclJded are 

• Data base 
- Interfacing and data collection programs 

- Post nc rtem analysis 
- Man macnine operations 

- reports 
Process control I - Se 1 f diagnostics 

I Scanning per-iods vary betweP,. seconds up to 1 month. Auxiliaries include color CRTs 

\with graphic facility. Manual operation is possible parallelly. 

The hierarchy is 

- Analog controls 
- Stabilizing level 
- Limits control 

Local optimiz3tion 
- Unit optimization 

.. . ~ 
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XVIII BENEFITS OF ONLINE OPTIMIZATION (Cont'd) 

February 10:, 19E: 

Adaptivity is applicable in stabilizing control, compensations, interactive feed 
toward, non-linear models and multivariable concepts have been applied. 

Or-cimization take place for the following 

- Ethene plant 
- Quality control 
- Energy Jptimization 
- Pressure optimization 

In the ethene plant, the profit function is maximized . .Models exist for pyrolysis 
reactions and yields for various product flows. The model considers 

- energy 
fue 1 of pyro 1 i zing furnaces 
changes i" separation pha~e 

- ener.gy in furnaces 

This system covers 

- 9 cracking furnaces 
- 4 distillation towers 

2 cooling compressor systems 
- 2 acetylene converters 

The application areas are 

- methane remova 1 
- ethene remova 1 

! c2 fractioning 

; 'Temperatures vany -100 .... .+ 7 !"' 
0 c c 

I 

L~~~~~~~~~ .. ·- 1; 

t. _____ ___ 
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XVIII BENEFITS OF ONLINE OPTIMIZATION (Cont'd) 

Quality control is realized with the following principles 

products are kept optimally within tolerable limits. 
gas chromate-graphic analyses are exploited 
feed forftard and interactive controls are extremeiy used 

- specific product prices are implemented in the models 

Pal]e 41 

February 14, 1985 

Energy optimization is closely related to the optimal purity af by-products and it 
requires limiting control actions and stabilizing contTOl at the steam flow. 

T~~ separation improves if the interr:l steam flow grows and if the main product 
contro1 is active, it results in less impurities in the secondary product. However, 

1· the inter.ial steam flciw can grow only to the level where flooding or oaming will b'e 
1 hannful. There are other constraints like the capacity of the overhead condensor c~ 

the maximum of bottom boiler with valve positions. Typically 10 .... 20 constraints. 
The limit control tends to minimize the impurities maximizing the internal steam flow ' 

within the constraints. This depends on 

- feed amount 
- feed qua 1 i ty 

impurities of the main product 
- loads of compressors 
- etc. variable factors 

The steam flow is calculated based on energy optimization based on 

- energy costs 
- value of the product depending on its purity 

Energy prices are calculated in the cooling com~ressor system and this wa; towers 

and compressors are intercoupled. 

... ,-
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XVIII BENEFITS OF ONLINE OPTIMIZATION (Cont'd) 

February 1', 19E5 

The pressure is controlled within constraints;optimal pressure depends on the valid 
constraint of the steam flow. The pressure is varied to minimize energy costs.E.g. 
if bottom boiling is the constraint by reducing the pressure, the energy demand and 
the temperature are reduci.~d. i .e energy use is kept at minimum level without viol~tin~ 
constraints. If,on the contrary,the overhead condenser is the limiting factor by 
increasing the pressure, more condensing capacity can be obtained which results in 

better separation. 

The following results are reported yields given as weight ~ of the feed 

Burning gas 

Ethene 
Propene 
C4-products 
Gasoline and heavier 
Availability of pyP"Olizing 
furnaces 
Energy 
Ethene losses 
Quality (300-1600 ppm) 

The return on investment 

This project took 2 years, all included 

- computers 
- instruments 
- strategies 
- colllTli s s ion i ng 

before now 

19 

32 
19 

8 

21 

25 

2 

0.4 

21 

34 

17 

7 

20 

30 days 

reduced demand 

0.3 
0 .1 

2 years 

This is beyond the scope of this mission, but could be started and if desired a co· 

operation is pJssible. 

.. 
' -
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XIX COMPRESSORS 

February 14, 1985 

Compressors are widely used in refineries and therefore their proper function promotes 

- availability of the plant 
- energy conservation 

reduction of maintenance costs 

To avoid surging the conventional mthods are e.g 

- hydraulic coupling 
- adjusta~le inlet vanes 

throttling of suction 
a power whee 1 

adjustable diffuser vanes 
resistance control of the induction motor 

- DC motor. the speed of which is controlled by voltage 

All of these have disadvantages, like 

- complexity 
require maintenance 

- energy wasting 
corrosion problems 

outlet fluid 

Under constant circumstances the surge can be predicted, but in varying case the 
error may reach 40 .... so:. This may cause useless recycling and energy wastes. A 
colllTlon principle is to minimize recycling. Variations can be due to several factors 

.. ·-
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- Sl.lllll!r I winter 

• Enpp1 

ENERGY CONSERVATION 
AT ENPPI 

Page 44 

February 14. 1985 

In this case, a control concept based on a miCTOprocessor is justified because 

- surge can be predicted better 
- recycling is minimized 
- start up and shut down logics 
- parallel compressors 

The control options are 

minimum flow - si~le for surge protection provided that circumstances are 
constant. 

- minimum flow with speed control 
- flow speed system (inverter + induction mtor) 
- ~ - control 
- Guide vane adjusts flow setpoint 

Simulation can be applied when searching cont.rol strategies. If there are parallel 
compressors, the cases have to be studied individually. The digital approach has 
resulted in best results, because protection can be easily implemented for various 
situations. 

Typically 8 measurenent and 3 controls are required for a compressor. The models 
and quantities 

.. . -

AP 

Pi/Po 

M 

2 f (flow) . 
= f (V) . 
• f (m) 

Pi/Po • f (Mach numb~r) -v/c c= sonic speed 
incipient surge 
min. flow control 
surge detection 

137 
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XIX CQPl>RESSORS (Cont'd) 

enough for the digital system. The compressor supplier is expected tt' provide this . 
infonnation. In the control schemes ramp and step responses are detected and also 

parallel operation. 

This is one of the best methods to take the control system. First, parameters are 

chosen cautiously. Their validity can be checked by process experiments. After this 

the parameters can be safely opUmized. 

The model will contain, for one or parallel compressor 

- input/output pressures, temperatures vol1.111e/rT14U 1 flows, head, pressure diffe-

rences and speeds 

- a control approach is selected 

- tramp and step responses are studied as fuctions of variable control parameters 

- several models are inspected 

The model approach is as follows 

pressure Pi 
temp. ro 

outlet pressure 

~ 

outlet temJ. O 
- ;_ 

F, .... F4 are transfer functions and very often of the model of C.. 'f'i is of 
- I + .S t'c' 

suffident accuracy. 'Ti and 1 i can be calculated according to the dimensional data 

of the compressor or alternatively by means of simple process identifications tests. 

In some cases, suppliers can give them. When the model and the control strategy is 

established, the system will be discretized and the model program is prepared. Any 

high level language can do, but also there are special simulation languages availablt 

like MIMI"Cor AH~Land the woric1ng is faster. However, this is no necessity because 

the programs will not be very complex in case of compressors. 

... .. -
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Actually using FORTRAN or PASCAL. the constraints can be included more easily 
(e.g surge). The initial parameters can be selected by rules of thuni>. They can be 
gradually improved by repeated simulations. Visual inspections of responses can be 
used as perfonnance criteria • e.g because the final settings are a question of taste 
to a certain extent. The simulation approach is universal to any process. Submodels 
can be assent>led for a plant scale system or they can be studied separately if desir
eable. If the models are well designed. the results are reliable. A multivariable 
approach can be chosen and ther? are several quantitative performance criterias which 
are chosen depending on the cas~. Graphics and plotters are useful to visualize the 
results. This is a very attractive method to study control problems, however. an 
insight of the process is mandatory to obtain correct results. A case example can 
be taken at ENPPI. 
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A fairly new concept is to use organic work fluids. For instance, the temperatures 
at gas turbine exhaust gases can be lowered 480°c .... lso0c and overall efficiency 
of 47: is achievable for e 1 ectri c outpu~ .but if steam is required. then the waste 
heat boiler with a possible auxiliary fuel fits better. Condensor losses are less 
because of the smaller latent heat for evaporation. The organic liquid may be 
valuable ~ Taluene, freon, fluoranol, methyl -pyridene ) . However. in industry waste 
heat sourc~s 315.6°c are scarcely available. Exhaust gases from the furnaces 
meet with this condition. Also because this is a brand new concept it is not widely 

used. 

The possible losses of the work fluid tend to raise the operational costs, ~nlike 
the cost of water. The economic size starts at 0.6 Mi and resulting in savings 

8600 k x 0.6 MWh = 5.16 TWh - 150 kS/a. Petrole:.;m and chemi'cal industries 
are the most potential in this regard. Catalytic ref~nning, hydrohe!ting, vacuum 
or atmospheric distillation processes are feasible. In chemical ind!istry rlehydro
genation of ethylbenzine e.g provides a great potential. The optimal energy ecor.omy 

should be cascading as below 

input fuel 

process 

primary processes 

It mean~ that the output energy is always t•ied to be fed as an input to an exploit
ir.g process. This is generally a good engineering principle. Conventionally, these 

areas overlap each other. 

140 
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XXll GENERAL CHECKLIST FOR A HEAT RECOVERY SYSTEM 

1- Location of sources and uses of heat 

. composition 
flow rates 
temperatures (levels) 

. contaminants 

. operation hours 

. operation cycles 

. sizes of components 
• energy (possible reduction) 
. by~passes and recycles 

2- Environment 

access 
structure 

. obstructions between use and supply 

3- Ma~ching 

minimum distances e~ oinin~ 
reasonable uses for recovered heat 
removal of contaminants 
minimum outage due to installation 
usable temperature ranges 

Page 49 
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XXII GENERAL OfECKLIST FOR A HEAT RECOVERY SYSTEM (Cont·~~ 

5- Financial 

layout heat recovery system 
• estimate of system costs 
. savings 
. operation and maintenance 
• financial ratios and decision ;- .'"Ocess 

6- Instal1ation 

• detailed drawings, purchase of equipment 
contracts 

. start up 

. perfonnance checks 

Page 50 
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March 13, 19851 ENERGY CCNSERVATION 
COMPUTER CONTROL FOR A DESTILLATION UNIT 

I THE OESTILLATION PROCESS COMPUTER CONTROL 

The inexpensive way to conserve energy is to raise the level of automation. The 
object is (figure ) a destillation tower with : 

1- Preheaters to heat input crude by pump arounds and product streams. 

2- Desalters. 
3- Furnaces where nearly 501 of oil evaporates before the destillation column. 

4- Destillation column with: 

- Overhead condensers 
top pump around utilizing bottom reboilers and cooling and power plant 

recycle water. 

- Lower pump around to cool the middle part of the column exploiting crude 

and other pump arounds. 

4 evaporation columns where the lightest part of the products is returned 

to the column. 

The feed sp.w is 0,82 •..• 0.89. The quality of the feed varies.The products are: 

- Gasoline 
- Light gas oil 
- Heavy gas oil 
- Bottom product 

The following product specs are kept valid 

The final point of gasoline destillation is dependent of the market 

situati·;:i and the crude. 

- . The solidification point is stabilized. 

The color of heavy gas oil is kept below a certain maximum limit such thr.i 
it is good for feed to the cracking unit. 
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I I THE OBJECTIVES OF BETTER AUTOMATION 

The process analysis took 0,5 years. 

Energy Optimization : 

Page 2 

March 13, 1985 

The specific energy cons:DDPtion is reduced by maximizing the heat recovery to the 
crude. The load is distributed for parallel heaters such that the output temper
atures are equal thus maximizing.the heat transfer. 

The feed was distributed for various furnaces such that specific demand corri>ustfon 
fuel/crude ton was equal. This minimizes the total fuel demand. 

The middle part of the column must be cooled maximally by transferring heat from 
the bottom pump around to the crude. This reduces the heat loss to the cooling 
water in the top p1.111p around. 

The power plant recycle water can ·recover part of this hea~ loss or alternatively 
increasing the boiling of other bottom reboilers. These.action yielded 8 - 9: 
savings in the fuel feed / crude ton. 

III MAXIMIZING THE DESTILLATION YIELD 

The separation capacity is to be ~~rt maximal in order to maximize the yields of 
products. This separation increases by reducing the partial pressures of hydro
carbons which effects on the proportional volatility and also by increased intern~l 
recycles of liquids and gases. This re!Jlts in minimizing the pressure of the column 
The temperature of the feed is to be maxim~zed to maximize the volatility. This i~ 

possible without risk of cooling by unifonning the outlet temperatures of various 
tube branches and stabilizing the temperature control of the furnaces by feed 

: forward (fast approach). 

-2 
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III MAXIMIZING THE t£STILLATION YIELD (Cont'd) 

Page 3 

March 13. 1985 

The specs. of products are to be optimized such that more valuable product yields 
can be maximized. This also results local separation maximizing where price differ
ences are significant. This is one reason for the maximum cooling of the central 
part of the colllllr'I. The quality control minimizes the loss of products when the feed 
ion product speci fi cations change. 

These action resulted in 1.5-21 increase of yield. 

The analyzers exploited 

- Color of heavy gas oil 
- Solidification of gas.oil 
• Gasoline final point 

IV BALANCES AND QUALITY CONTROL 

The TBF behaves as below 

~ 800 
1 = Gas 

-~ = Naphtha T 

3 = Light g.o 

4 = g. o. 
5 = Heavy g.o. 

6 
6 = Bottom 4 ' 5 3 

An optimum criterium can be developed for yield when the unit prices and crude 
properties are known. This takes place on line. £nergy and material balances are 
used. 
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COK'UTER CONTROL FOR A ~STILLATION UNIT 

IV BALANCES AND QUALITY CONTROL (Ccnt'd) 

THE CONTROLLED QUANTITY 

l GasoHne TBF 

2 Naphtha/l;ght gas oil TBF 

3 L;ght gas o;l/gas 0;1 TBF 

4 Gas o;l/heavy gas ofl TBF 

~HODS 

MANIPULATED QUANTITIES 

Output of naphtha and the top temperatu~ 

Naphtha and l;ght gas outputs 

Bottom pump around cool;ng power and 
light and nonnal gas 0;1 outputs 

Outputs of these products 

The true bo;ling point concept was selected because specs. closely correlate with 
tMs. 

The quality analyzers have the disadvantage of big delays. These are also apt to 
fouHng and defects. 

The system conta;ns 

- 77 analog inputs 
- 60 digital inputs (T-sensors) 
- 36 pulse outputs 

The algor;thms wet~ 

- PIO 

- non linear PIO 
- feed forward 
- dynamic compensation 

- constrained control 

The feed forward fastens the process operations. The nonlinear algorithm utilize(. a 
amplification proportional to feed back difference (set-observed value). This st..oi 
lizes the levels of buffer tanks. 

151 

, 



-.. : --
i 
c 

"' 

P So1ninen 

UNOP/ENPPI 
Ca fro 
~nvnt 

• Enpp1 

ENERGY CONSERVATION 
CC»FUTER CONTROL FOR A IESTILLATION UNIT 

IV BALANCED AND QUALITY CONTROL {Cont Id) 

Page 5 

March 13, 1985 

The constrained control maximizes or nriniarizes the control action (flooding, foaming, 
cavitation,full val~ opening) without violating the constraint. 

The unit must be operational when the computer fails. Therefore the computer gives 
guide values to the controllers only. 

This principle avoids the decoupling effect on other TBFs. 

The top temperature is a manipulated variable. The light gas oil or. the other. hand 
depends on the bottom around cooling power and thus it divides the colun11 into two 
parts. The dynamics of the colU1111 will be taken into account such that ·the flows 
are stable before the outputs an: changed. 

The analyzers slowly change the set points of TBFs ( delays of overhead tank and 
evaporation colU1111 of gas oil are observed). 

THE FOLLOWING PERFORMANCE WAS OBTAINED 

The pressure of the col11111 is now 75 '<P instead of 150. 

2 The temperature differences were with{n 2.5 ••.• 33°C instead of 5 ... s0c in 
the furnace outputs. 

3 The std. deviation of gasoline final point is l.s0 c. 

4 The solidification point of gas oil l.3°C respectively. (std. dev.) 

5 Radical changes get uniforrred within one sh;ft instead of several days before, 
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DESALINATION PLANT IN SUEZ 
Et£RGY CONSERVATION 

March 31, l 9e: 

The feed water quality (Suez Power Station) used to be 700 ppm of TDS (total c~ 

olved solids). As I visited the meter indicated less than 1 TOS. The production 
was about 20 m3/hr. It evaporates directly the cooling water of the power statior 
in three effects. 

There was some discrepancy in manual sampHng and metering results, but the reas::: 
was that a pure iron tube was used in the sampling system which naturally dissove 
Fe ions. The cost of this plant was 0.8 •••. 1 MS and the specific demand is 6 •.... 
KWhe/m3• An invew-ter driven pump was used which has improved the reliabiHty of 

operation and decreased the specific electricity demand. The plant is under cor.r.:~ 

ioning. Reference persons are Mr. Mohamed Sayed Ibrahim or Abdel Monein if add; t: 
al infonnation is needed. The product water meets very Mgh standards and is S:i.•O(: 

for power generation. The good quality of water h ene;~ conservation , because 

- reduced deposits maintain the capacity of heaters. 
- better availability of heat exchangers. 
- exploits very low quality heat c~10°c above environmental temperature). 
- Operation and maintenance is easy, the plant operates unmanned. 

The Suez refinery. . is in the next site. This 
co~cept is good for that, too. The same merits will be obtained. This concept is 

worth consideration at refineries next to the sea. In this particular case, the 

water of the Nile will be replaced. 

R Duvall 
T Hussein 
K M Khaled 
F M Youssef 
M Wahby 

- P Soininen 

~ ~1 ______________________ 1_6_1 ____________________________ __ 
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02-ANAL YlER 
ENERGY CONSERVATION 

Apri 1 7. 1985 

zr02 - sensor has turned out to be by far the best analyzer to detec.t the o2-content 
at flue gases. rhe folloving po;nts are to be cons;dered. 

- Leak proof ;nstallat;on. 
- Several sensors to be ;nsured of the o2-content. 

The advantages are 

- Fast response. 
- Easy mounting with l;ttle aux;1;ar;es. 
~ A combust;on model or fl~me-power model is possible. 
- Reduced H2 so4. 
- Reduced pollution. 
- Enerqy conservation due to optimal o2-content. 
- Complete combustion. 
- Inexpensive. 

The analyzer can directly control the air flow to the furnace. A feed fontard w;th , 
slight feedback ;s gcod to control the fuel flow since for changing situations the 
reaction is fast. There is a tentative flare power model included in the seminar 
material. There are such many examples of. this approach that it can be recorml!nded 
to direct flame control even ;n case of difficult fuels. A diagram of the analyzer 
is also included ;n the seminar material. ENPPI's present approach is only to 
monitor the o2-content. Such vendors like Bail~7 1Kent or Cont>ustion Engineering 
supply feasible analyzers. The flame power model requires some level of computer
izing. 

M El-Nagdy A . Sary 
M El-Sayed F M Youssef 
T Hussein M Wahby 
K M Khaled 
A Soliman p Soininen 
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HEA"R OPTIMIZATICl4 
Et£RGY CONSERVATION 

There are a nunmer of methods to optimize the heater size, e.g.: 

Page 1 

March 31, 1985 

Return of investment i.e. the manual recovery is compared with the investlll!r 

and this ratio can be maximized. 

- The present value of the lifetime heat recovery is calculated and sunned wi: 

the investment, operation and maintenance costs (present value) and this figl 

is minimized. 

Both of these figures are related to the heater surface. In the first case 

annua 1 recovery 

Investment 

tn the second case 

.feasible 

feasible 

A (surface) 

a....sympototic recovery (ideal heater) 

The cost model is chosen, e.g. logarithmic and experirrental data is to be fitted 

statistically and it can be updated with inflation rate and when new infonnation 

obtained. 
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HEATER OPTIMIZATION 
ENERGY Ca.SERVATia. 

Page 2 

March 31, 1985 

This approach does not minimize the heater surface. It depends also on 

- Intema 1 interest rate. 
- Estimated lifetime. 
- Cost of fuel. 
- Constraints that may exist, i.e. the feasible area. 

In case of constraints. the optimum exists in between or on either extreme side. A11 
of these are t9 be checked. To computerize this model is not difficult. I.e. the 
necessary parameters are fed to the computer and an optional heat recovery is obtair 
ed, which on the other hand, is related to the surface. It can be a tinned tube and 
the flow can be turi>ulant to improve the heat transfer. If the optimal heat recover 
is only calculated. it is a separate problem to dimension the heater. It is advised 
to handle these problems separately because the surface of the heater depends heavi· 
ly on : 

- Type 
- Turbulance er flow conditions. 
- Liquids or·gases. 
- Heater materials. 

The recovery optimization gives an initial value to the heater sizing and therefore 
these things can be cont>ined although the phases are handled separately. It is sugs 
ested that this approach will be selected at Enppi, unless it exists. Pumping can 
be integrated in this procedure , if desired. 

R Duvall 

~ 
T Hussein 
F Youssef 
M Wahby 

p So1.iinen 
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EFFICIENCY OF HEATERS 
ENERGY CONSERVATION 

April 3 , QS: 
E t 

In practice for monitoring purposes 

- Flows 
- Temperatures 
- Pressure differences 

are enough to see the heater perfonnance. This can be completed with spelial meter 
ing technique like infra red to spot local deposits which has been successfully 
applied, as reported. 

Because energy has also quality in addition to quantity, therefore this exergy 
(available energy) efficiency has been introduced. 

0 = environment 
E = h = h - ho - To (S-So) h = specific enthalpy 

s • " entropy 

There are -several alternatives_ to calculate this heater perfonnance index, e.g. · 
(computer programs are prepared to i 11 ustrate these figures) . 

- ( 1) ~ E out ) 

~E in ) lndi cate the deterioration of the 

~E 
) quality of energy in the process in 

- ( 2) increase 
) question, i.e. availability decreases 

ZE decrease ) 

- (3) LMT'D (logarithmic mean temp. diff.) 

- (4) pressure losses 
flow 

- (5) annual heat recovery 
(investment + operation + maintenance) 

- (6) availability• uptime 
--------·---------------~ 
annual operational time 

- (7) Number of rundowns 
Year 

171 
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- (8) heat transferred 
nominal capacity 

• Enppa 

EFFICIENCY OF HEATERS 
ENERGY CONSERVATION 

- (9) lifetime heat recovery (present value) 
(investment +maintenance + operation)present value 

- (10) HTDF = meantime between failures 

- (11) quality of in/output flows (H20 e.g) 

Page 2 

April 3 • 1985 

Figures 1 and 2 denote to the physical perfonnance and it is 1 ;n case of an ideal 
heater. It means that no exergy losses occur.in other words, the transferred energy 
is equally reusable ror other purposes. Because the heat transfer is as follows : 

(12) Q • k A ~ tLMTD 

the ideal heat transfer means ·a small LMTD and a large surface. Economical cosntrai 
ts Hmit .the increase of heatrng surface. The~fore, indices 5 and 9 are optimized 
to find out practical solutions for the heaters. 

The indices 1, 2, 5 and 9 also provide the advantage of expanding the balance limit 
Pumpfng can be integrated since heat trarisfer can be improved by recycling and 
increasing the pumping speed, which is in general not an economic way to promote 
the heating capacity. S~ch advantages may be obtained like reduced heater or furnac 
size, ie. S0111!times it is "'orth consideration. The simple reason is that pumping 
costs tend to i ncrea!;e more rapidly than those of a greater heater. Constraints 1 H 

a desired outlet temperature are always to be included in the optimization procedur 
It is essentia1 to •!11derstand the concepts 

- design value 
- initial value 
- re a 1 va 1 ue . 

Comparisons of these values for the same quantity makes possible conclusions, e.g 
to start sooting or cleaning, possible outage, etc .. 
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EFFICIENCY OF HEATERS 
ENERGY CONSERVATION 

Page : 

April, j 19~ 

For oil heaters (liquid one phase}, the specific heat can be aporoximated as foilo-. 

- (10) cp • 3,856 - 2,345.S + 0,0023 t/°C 97. 9kg/ 

(11) cp = 2,897 - 1,293 + 0,0023 t/oC M J " < " " 
ton°c 

3 

If the availa~le energy is referred to the environmental temperature and condition· 
one can calculate it as follows 

T T 

- ( 13) ) cp dt - T 0 ) Cp 
T 

To To 

and an explicit efficiency is obtained for formulas 1 and 2. In case of water a 
similar approximation can be ma~ and it follows 

- { 14) E = Cpw { T - T 
0 

( 1 t 1 og ( !.... ) ) 
To 

This approach is relatively easy to computerize. The alternative approach is to 
tabulate the entropies within a feasible region and more· accurate results can be 
obtained. 

The economic perfonnance differs in the regard that if heat recovery replaces fuel 
it is equally of value independent on the temperature (i.e energy quality). 

The availability figures and the nunber of shutdowns give another approach. If an 
outage occurs, the latent heat is lost and energy is wasted. An outage day is wort 
much if it is due to a heater. Therefore, the reliability is justified in energy 
conservation. The method is to specify ~.g this figure. 

: - {15) MTDT •mean t1mebetween failures 
• ; -i 
c 
\J 

173 
NA 



.. .. • .. 

• Enppa 

EFFICIENCY OF HEATERS 
ENERGY CONSERVATION 

Page 6 

Apri 1 3. 1985 

If this figure is known for each component. the total MTBF can be estimated by con
struction of fault trees which give the MTBF for the too incident. 
E.g. 

logical elements 

.. rnputs 

.. l 
= heater nn 

pump on • 
te~. to 

Knowing the MTBFs of each item and the logical relations necessary that the whole 
system worics the total MTBF can be obtained. Simple cases can be calculated explici 
tly but plants like refineriet can be estimated only by simulation. Because outag~ 
costs a let also increasing the reliability by redundant systems. therefore an 
optimum cMteri1.111 can be developped. 

profit/$ 
n case of 100% 

IJDt. MTBF 

~ costs due to redundant systems 
~ or increased reliability 

"" rn practical design this means bypasses, parallel heaters or pumps, e.g 3 x 50% 
steam driven pump drives. An outage results in lost latent heat and production. 
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EFFICIENCY OF HEATERS 
ENERGY CONSERYATION 

Page 

April. 3, 19 

If phase changes occur. the evaporation heat for hydrocarbons can be evaluated 

- (16) ~· .! (251.5 - 0.3768 t/°C) M J 

! ton 

The corresponding values for water are generally knowr:. If the water contains ·impu 

ties or salt, this has an effect on specific heats and evaporation properties. fhe 
exist extensive tables and approximate fonnulas for th4 properties of wrter wh·i ch 
be exploited when computerizing the efficiency calculations. When the phase change 
~ccurs, the temperature is constant which in fact simplifies the exergy Lalculatic 

If on1y cooling is the object~ve and the removed heat is of low quality. the elfic 

ncy is estimated differently. The availability figures can be applied. The per1on: 
is simply cost minimization for the desired perfonnance. There are two components: 

- pumping or blowing 
- cooler 

Aircoolers have the advantages of low cost and good corrosion resistance. Ther~ a: 
also reported exampl~s that the air is fed to the fur:iace as cont>ustion air (Kc 'Ile 

Houston/USA) ~o conserve energy in which.~ase the optimization is like heaters. Hf 

recoverec in the cooling process is sometimes useful. There are examples that the 
heat in the c:~pre~sicn process can be used for reboiling purposes. 

If this exergy 1s well maintained and the cascading is correct, the makeup f1K•I a 
cooling need decreases yielding 

- energy savings 
- inve5tment savings (furnaces, coolers) 

A perfonuance decrease of heaters causes imnediate def!land of fuel .The designer.. ·ca 
influence on that there will exist the option of pP.rfonnance monitoring when the 
plant is operational. It means in pract~ce: 

~ L---~-e-x-is_t_a_n-ce--o_f_n_e_c_e_ss_a_ry __ me __ a-su_r_i_n_g_p_o_c_ke_t_s __________________ __ flows 
T-sensors 

. P-sensors 
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- possibly installed ser.sors. 

- big heaters may de""erve a pennanent perfonnance monitoring 
system {microprocessor) when special instruments i:an be 

connected like H2o analyzer or chromatographs 

April 3 , 1985 

The minimum action is that this option exists and it is a question of costs how f~r 
it is proceeded in this respect. A general trend is that these kind of devices tenc 

~ 
to be less expensive and therefore their justification increases. 

When optimizing efficiencies, one must not neglect safety and availability. There 
are examples that efficiency increase has resulted in less availability and the net 
result has been negative (Stal-Laval counter rotating radial turbines a classical 
example). These demands set preconditions or constraints for the optimiiation. 

It is noteworthy that there is· no unique perfonnance index. These figures complemen 
each other and new ones can and should be developped depending on the objective of 
the heater or process equipment. 

The perfonnance figures must be interpreted correctly, else they are of little valu 
Also simplification is one target as in case of ~eaters, the pressure and temoeratu 
differences in many situations qive th~ sufficient infonnation. 

R Duvall 
M El-Nagdy 
K "1 Khaled 
T Hussein 
MA Soliman 
F M Youssef 
M Wahby 
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The outlet temperatures.of the flue gas depends on the following factors 

- Sulphur content of the fuel. 
- Material of the heater { each has lll!ri"":s and drawbacks ) . 

. Stainless steel AISI316. 

. EnamelHng. 

. Glass. 

. Cast iron. 

. Titanium or something like that. 

- o2 content of this flue gas since the absence of o2 inhibits H2 so4 fomation 
A good control contributes this. 

200 ..... 19o0c is a safe temperature level. Very low temperatures have been reporte 
too. Power stations using sulphuric fuel apply 14o0c. There is no unique answer fa 

this final outlet temperature. The case has to be studied individually perfonning 
a RO! analysis. 
This is such an important question that may be ENPPI's experts can visit selected 
refineries or/and air preheater manufacturers to solve this problem. The economi:-: 
values are of that order that working for this question is not wasting efforts. fh 

results can be applied ~utside petrochemi~al industry, since there is a nuni>er of 
furnace~ in Egypt burning sulphuric fuel. 

The transient situations are dangerous. E.g. starting the furnace by gas not 
containing S is one alternative to avoid this condensation. 

My proposal is the detailed study on this question. It is still under discussion 
worlctwide since this problem has become acute lately. It can be suggested for t~e 
UNDP to finance this study{?). The Sulzer book probably gives hints on the materi 
to construct the air preheater. 

R ~uvall T Hussein 
K M Khaled F M Youssef 
M •ahby p Soi ni nen 
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BASIC ~MANOS AND THINGS TO BE OfECKEO 

Steam requirements. 

Electricity requirements. 

Feedwater quality and supply requirements (deionating). 

CooHng requirements (tower I condenser). 

Connection to the national networlt. 

Fuel quality (analysis organic. inorganic). 

Steam load (variations). 

Steam headers ( 340, 14 bar) 
(180, 4 bar) 
(... .. .. ) 

How to se 11 surplus e lectri city when necessary. 

Capacity demand: 
- Own req ui rements. 

- External s·upply. 

- Extemal delivery. 

- Alternative steam supplies. 

Extra fuel needed to upgrade the steam 

Turbine types = bleeding } 

. action ;t back pressure 

. reaction condensing 

Piping refinery•----.... power station 

Nun>er of turbines. 

Nunt>er of boilers. 

0 . 
520 C, 100 .... 180 bar. 

cont>ination 

Operation modes • steady, variable (how large variations). 

Option for a gas turbine. 

Added cooling need (condenser). 

Boiler type • drum 
once through 
forced circulation 

Changes to existing or suggested boilers. 

178 

Page 1 

March 31, 198~ 

, 



-. 

P Soininen 
LftDP/ENPPI 
Cairo 

t 

• Enpp1 

POWER STATION FEASIBILITY STUDY 
Ef£RGY CONSERVATION 

Page 2 

March 31. 1985 

An average cost to build a power station is 500 ..•. 8~$/KW depending on the si~e ar 

type. The least expensive one is the gas turbine with poor efficiency. E.g. 20MW • 

10 •••• 16 MS. 

The power station con~ists of 

- Turbine section. 
- Boiler section. 
- Water treatment section. 
- Feedwater section. 
- Generator section. 
- Electrical equipment. 

The advantages of this concept are as follows 

Redundant electric supply. · 
- Inexpensive fuel. 
- Condensates can be preheated by the refinery waste heat. 
- Improved energy efficiency. 
- Need of electricity tends to grow in Egypt -·-+increased overall capacity 

demand. 
- Because some extra capacity of electricity production is nonnally reconmendec 

this concept fs interesting in Egypt. 
- Because of the bleeding and back pressure concept, an~ the gas turbine, the 

fuel efficiency may be 80 .... 90~. 

- Because of better feedwater quality,merits are achieved for the refinery too. 
- If sulphur free gas is the primary fuel. the energy economy is still better. 
- Integrated maintenance operations. 

This is a quite extensive project and a careful preliminary study is suggested \o 
carried out. The advantages are : 

: - National -i - For the refinery itself. 
<C 
IJ 
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- To analyze start-up and rundown and transient situations. 

Page 1 

Apri 1 7. 1985 

- Start-ups and rundowns waste energy because there is nonnally latent energy 
present. 

To tune control parameters and to simulate various control approaches. 

- Dynamic models can even be used for process operator training since this kind 
of training is very costly or someti.11es impossible, this concept is now coming 
to petrochemical industry. The purpose is to train people for emergency . 
situations. These kind of simulators are expensive, but, however, worth acqui~ 
sition. 

- The phenomenas are often -so complex that this is the only means to analyze the! 

- Dynamic simulation means that time is involved unlike static simulation which · 
nonnally is material or energy balances varied by·different parameters. Both 
approaches have their reasons. 

- Coimrissioning can be speeded up by.simulation. 

- A tool for design e.g process alternatives. 

- Separate lll)dels can be integrated together to create an extensive ll'Odel or 
even a plant scale models. 

·• The accuracy is to be matched with real needs. Too accurate mcwels are wasting 
wortc: and time. Often the delays and time constants are enough for extensive 
dynamic models. A reasonable accuracy is advised, since simplifications are 
achieved and the computing time is reduced . 
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- Complex phenomena can be analyzed, like 

. convection and two phase flews. 

. Non-linearities. 
• Discontinuities. · 
. Mucleate boiling (phase transitions) 

Page 

April 7, 19E 

and it gives a unique numeric solution when desired for complex constrair.~d 
differential equations. 

- Optimization can be added in regard to desired process parameters and constr 
aints. 

- It gives a better insight or idea of the process behaviour. 

- Online simulation is sometimes justified that the process operator can first 
see the possible consequences of his action. 

- This technique can be extended to many fields. 

- ·Before doing simulation, its merits have to be considered in view of work, 

man-power and other necessary input resources. 

HOW TO SIMULATE 

One has first to establish the fonnula governing the natural phenomena. This is 
nonnally the material and ener;.;· or force balance or like balance equations. These 
equations can contain differential equation~. The simulation is carried out by 
discretizing the differentials. Care must be taken that only essentia~ fonnula~ 'ar 

included since simplifications may save a lot of work. The nonnal procedure is the . . 
after establishment of equations the analysis of reduction is necessary. A usual 
approach is to linearize the equations near the operational point and thi~ approx· 
mation is often good for e.g stability analysis. A multi-variable approach can be 
taken and then the problem is reduced to analysis of the properties of the state· 
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matrix the e; gen values of which characterize the dynamic behavio•Jr and time 
constraints. These on the other hand depend on lllilterial and constructional constants 
by means of which analysis can be done for these quantit;es. If some existing system 
is under consideration small tests are perfonned to find out these time constants. 
Conversely material properties can be studied applying this method reversely (ultra
sonics). 

A conclusion is selected as an example 

p 
~v material balance Vapour 7, • • • 

t-Av T ) v 
M v =Mi\v - "'~ 

energy balance 

~" '1v ~ ~w'r (T,-T1...) -= 
-mLc, ... ~ + ~ ... "''-" lf>,T) t- C 

L 

. 
C • heat capacity of the heater. 

Heat transfer: the flow is supposed to be turbulant, i.e. temperature is unifonnly 
distributed. The additional fonnulas are detained for heat transfer • . 

Q • KL \ 6 TL + Ky -\r .4 Ty • . 1\ l T 2-T t ) Cpw 

The equilibrillll inside the heater is established by state equations of steam or 
hydrocarbon. If pressure is increased e.g by choking, the outlet stream the level 
is increased. The dynamics can be studied by discretizing the differential equations 
Also, they are linearized around an operational point i .e small changes are analyzed 
The time constants can be detennined based on material constants or alternatively 
if possible small step changes are applied to detennine them experimentally. The 
latter procedure gives a more reliable infonnation and i> widely used because of 
simplicity. The graphical synmols can be used to present visually the situation on 
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Utilizing the synmols below : 

k::_ • fotegnt1on 

t=. • amp 1 if i ca ti on 

f3ctl> • function 

LEl • divisior. 

@ • laJltiply 

Le- ~~-11 ~ 
\ I = delay 

• 
The model can be presented graph,cally. The example annexed does not have the 
necessary parameters, but a corresponding model can be developpe~ for one selecteti 
heater here. 
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r-_·pe h~att•r.tid!' 

J I•'~Pl"T '"TO .. ~:"[l T::··:TO.T:::! 
~ CLS:5CREE~ 3.1.0 
5 LI NE < 0. 0 > - < 150. 50 > •• B. 61680 ! 
10 FOR T=T2-3u0 TO T2 STEP 50 
13 FOR N=l TO 150:J)T=N.'3 
2.0 L=SO•<T-TO•c t-LOG<T0-2/<DT•TO>.'<T-DT> > > )/(T-TOzc 1-LO<.iCTOIT> 1 > 

25 Y=50-L 
40 PSET<N.Y> 
45 NEXT:NEXT 
50 LOCATE 26,1.1: PRINT "TO=".TO 
52 LOCATE 26.2.1: PRINT "T2=".-f2 
55 LOCATE 30,3.1: PRINT "EFFICIENCY OF HEATER" 
77 LOCATE 26.6,1: PRINT "50 DEG C TEMP.DIFF" 

A>type costl.bas 
7 INPUT "HEAT DUTY GCAL/H AND FLUE GAS AND OUTLET TEMP C ";G,T.XO 
8 P=(T-XO>•l0/190 
9 IF T--xo THE~ P=O 
10 A= < • 93 • 1 . 0 1 > / 2 
20 8=<9.525-9.77)/2 
30 C=28/<156.476•A)zlOOO 
50 D=G/BzP/100•3J5z24zC 
~1 E=PilOz.05z800z.5zG/B•ll.2z.3SzlOOO 

;rPRINT "HEAT RECOVERY FROM SfACK GASES" 
J3 =DIC 
55 PRINT "DENSITY". "GCAL/TON". "USD/T0!-1/FUEL". "PROFIT/USO/A". "INVESTIIENT/USD" 
70 PRINT A,B.C.D.E 
72 PRI!IIT "TONS SAVED FUEL/A ".F 
75 Rl!N 

A 
1 0 I NPU' I "TEMP . DEG C " : T 
11 SC.e<EEN 3 
12 LI~E (0.0)-<150.150> •• BF 
13 FOR N=l TO 15C 

PL•f.,,.,in' •f sl-tc/c' 
3•' ~."11' !• s ,. n'•" 

15 K=EXP<40s(ll00-T)/1420/(T-273.15)zl20.27> 
20 A=-3><{1-N/150) 
25 X=CK•A/<l-K)•((l•K)/(1-K)/2-A/2)A2)A.5 
30 X=X-<l•K>l<l-K>/2•A/2 
31 S•l/C2•N/l50z5.65> 
34 PRESET <N.50zSzX) 
3~ PRESET <N.50•SzCA-X>> 

PRESET <N.50•S•<l-X)) 
.J ._PRESET < N. 50•5>< < l ·-A•X)) 
38 PRESET CS,S•N/3•5.65) 
39 NEXT 

A~plotting program of molar propositions of stack gases of hydrocarbons 
3 INPeT "TO AND T2";TO.T2 
4 CLS:SCREEN 3,1.0 
·5 LINE <0.0>-<150.50> •• B.61680! Ue.•J.t~ -J..1-•c,,,f.~ 
7 T2•T2•273.2:TO•T0•273.2 ~I ~ 
10 FOR T•<TO•T2>/2 TO T2 STEP <T2-T0)/5 
·13 FOR N • l TO 150 : OT• NI 3 
20 L•50s<T-TO•< l-LOG<T0"2/<DT•TO>/<T-DT>)))/(T-TO•< 1-LOG<TO/T> > > 
25 Y-50-L:PSET<N.Y> 
~5 NEXT:I•l•l: LOCATE 26•1•6,l.l:PRINT L/~0,T:NE."<T 
50 LOCATE ~6.2,l: PRINT "TO•".TO 
52 LOCATE 26,3,1: PRINT "T2•",T2 
55 LOCATE 30,4,:: PRINT "EFFICIENCY OF HEATER" 
77 LOC.\TE 26,6.1: PRI~T "50 DEG C TEMP.DIFF" 

A alternative heater ~fficiency program 
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3 I~PCT -TE~P. DEG C -;T 
~.CLS:SCREE~ 3.0.0 
5. LI '-'E < 0. 0 > - < 1 50. 50 > •• B. 61680 ! 
13 FOR ~=l TO 150 
15 K=EXP<40i<ll00-T>!l420/<T-273.15>•120.27> 
::::!O A= 3,. < 1 - NI 150) 
25 X=<K•A/Cl-K>-<<l•Kl/Cl-K>/2-A!2>-2>·_5 
30 X=X-Cl•KJ!<I-K>/2•A/2 
31 S=li<2-N/150•5.65> 
34-X -=50•<1-S•X) 
35 X2=50•<1-S•<A-X>> 
36 X3=50•Cl-S•<l-X>l 
37 X4:50•<1-S•<l-A•X)) 
38 X5=50-S•N/3•5.65 
40 Sl=2•Xl•28•X2•18•X3•44•X4•20•X5 

s.fa11c :J" s c••r•s ;1-,.,,. 
pl• H , ... ,. / -.J,, • .,,.J v .. r.110" 

41 Xl=2•Xl/Sl:X2=28•X2/Sl:X3=18•X3/Sl:X4=44•X4/Sl:X5=20•X5i51 
44 PSET<N.Xl>:P5ET<N.X2>:PSETCN,X3>:PSET<N.X4>:PSET<N,X5> 
45 '.'iEXT 
50 PRI~'T "H2". "CO". "H20''. "C02". "N2" 
55 Xl=-Xl/50-l:X2=-X2/50•l:X3=-X3/50•l:X4=-X4/SO-l:X5=-XS.·5o-1 
60 PRINT Xl,X2.X3,X4,X5 

r -..__. 

A R 
1 PRI~'T "efficiency for oil heaters <liquid>" 
5 INPUT .. in/out. t l. t2, t3. t4. t.0" ;TTl. TT2, T13, TT4. ITO 
10 INPL'T "densities.dl,d2,d3,d4";DI.D2.D3.D4 
15 INPUT "flows t.ons/h,fl.f2";Fl,F2 
16 Tl=TT1•273.2:T2=TT2•273.2:T3=TT3•273.2:T4=TT4•273.2:TO=TT0•273.2 
20 DEI-= ( 3 - 524-1 - 29•01) z <TI-TO)+ -00115• ( TTI -2-rro-·2> 
25 DEl=DEl-T0•<2.897-l.2~zDl-273.2z.0023>•LOG<Tl/TO> 
30 DE2=C3.524-l.29zD2>•<T2-T0)+.00115•<rr2-2-rro-2> 
35 DE2=DE2-TO• < 2. 897-1. 29_,.02-273. 2•. 0023 > •!..OG<T2/TO) 
.:.o DE3=<3.524-l.29•D3>•<T3-T0>•.00115•<TT3-2-rro-2> 
..'..5 DE3=DE3-T0•<2.897-l.29zD3-273.2z.0023)zLQG(T3/TO> 
5(, DE4= ( 3. 524- l. 29•04) z <T4-TO) +. 00115• (TT4-2-no-2) 
55 DE4=DE.:.-T0•<2.897-l.29•04-273.2z.0023>zLOG<T4 1 TO> 

11 •• ~ ~ •I fle ,; ,, <., 
•II f •i I 

::iRI:'ff "exerm: MW". Fl•DEl/3600.FlzDE2/3600,F2•DE3/3600,F211:DE4.'3600 
PRI~T "heater efficiency",(Fl•DEZ•F2•DE4)/(Fl•DEl•F2•0E3> 
RUN 

• ..i.. 

l PRI~T .. efficiency for oil/water heaters <liquid>" 
5 I'.llPUT .. in;out.t.l,t2,t3,t4,t0";TT1,TT2,TT3.TT4,TTO 
10 INPUT "densities,dl,d2";Dl,D2:03=1.02:04=D3 
15 INPL'T "flows tons/h,fl,f2";Fl,F2 

... ... J.c.. '= ~"'' 
•i ' I w .,,, 1-, ,,,. 

16 Tl=TT1•273.2:T2=TT2•273.2:T3=TT3•273.2"T4=TT4·273.2:TO=TT0•273.~ 
20 DE1=<3.324-1.29•Dl>•<Tl-T0>•.00115•(TT1~2-TT0"2) 
25 DEl=DEl-T0•<2.897-l.2~•Dl-273.2z.0023>•LOG<Tl/TO> 
30 DE2=<3.524-l.29zD2>•<T2-TOJ•.00115•<Tr2~?.-TT0~2; 
35 DE2=DE2-TO• < 2. 8~7-1. 29•02-273. 2•. 0023 > •LOG<T2.'TO > 
40 DE3=1T3-TO•<l-LOG<T3/T0)))•3.88646 
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45 OE4•CT4-TO•ll•LOG<T4/T0>>>•3.88646 
46 PRINT DE3.DE4.F2,TO,T4,T3 
56 PRirfT ·exergy l'fW". Fl•DE1/3600,Fl•DE2/3600,F2•DE3/3600,F2•DE4/3600 
60 PRirrT -heater efficiency",<Fl•DE2•F2•DE4>/<Fl•DEl•F2•DE3> 
65 RUN 

A> 
l PRINT -efficiency for oil heaters <liquid>-
5 INPUT ·1n/out,tl,t2,t3,t4,tO•;Tr1.TT2.TT3.1T4,TTO 
10 INPUT -dens1t1es.dl.d2.d3,d4-;Dl.D2.D3.04 
15 INPUT -flows tons/h.f1.f2-;Fl.F2 
16 Tl•TT1•273.2:T2•TT2•273.2:T3•Tr3•273.Z·T4•TT4•273.2:TO•TT0•273.2 
20 OE1•(3.524-1.29•01)•(Tl-T0>•.00115•(TT1A2-TTOA2> 
25 DEl•DEl-T0•<2.897-l.29•Dl-273. 2•. 0023> •LOG<Tl/TO> >Net- ltlJ.i&I& 
30 DE2•(3.524-1.29•D2>•<T2-T0>•.00115•(TT2A2-TTOA2> 
35 DE2•DE2-T0•<2.897-l.29•02-273.2• .0023>•LOG<T2/TO> ~-C/th cy 
40 DE3•<3.524-l.29•03>•<T3-T0>•.0011S•<TT3A2-TTOA2> 
45 DE3•DE3-T0•<2.897-1.29•D3-273.2•.0023>•LOG<T3/TO> 
50 DE4•C3.524-l.29•D4>•(T4-T0>•.00115•<IT4 .. 2-TT0-2> 
55 DE4•DE4-T0•(2.897-1.29•04-273.2•.0023>•LOG<T4/TO> 
56 PRINT ·exergy !'IW-. Fl•DE1/3600,Fl•DE2/3600,F2•DE3/3600,F2•0E4/3600 
60 PRINT ·heater efficiency",ABS<<Fl•DE1-Fl•DE2>1<F2•DE3-F2•DE4>> 
65 RUN 

n>heater efficiency calculation exergy principle 

~Sll(i 
U"1JI 

10 INPUT N:K•N•N:DIM A<K>.B<K>:FOR l•l TO K:PRirrT "a";I;:INPlIT A<I>:~EXT 
20 8(1)•1.'A<l>:FOR 1•2 TO N:SO•O:Il•<I-l>•N•l:FOR J•l TO l-l:Sl•O:S2•0 
30 FOR M•l TO 1-l:Sl•Sl•B<<J-l>•N•M>•A<I•<K-l>•N> 
40 S2 2 S2•A<<I-l>•N•K>•B<<M-l>•N•J>:NEXT 
50 BC<i-l>•N•J>=S2:SO•SO•Sl•A<<I-l>•N•J>:B<<J-l>•N•I>=Sl:NEXT 
60 B<Il>•l/CA<Il>-SO> 
70 FOR J•l TO 1-l:B<<I-l>•N•J>=B<<I-l>•N•J>l<SO-A<Il>>:NEXT:FOR J•l TO 1-1 
SD FOR M•l TO 1-l:B<<J-l)rN•M>•B<CJ-l>•N•M>-B<<J-l>•N•I>•B<<I-l>•N·M>:NEXT 
82 B < <J - l > • N' • I > • - B < < J - 1 > • N • I > • B< I l > : NEXT : NEXT 
115 PRINT:PRINT ·original matrix inverse matrix" 
120 FOR J•l TO N:PRINT:FOR I•l TON' :PRINT A(J•N-N•I>;:NEXT:PRINT" 
125 FOR l•l TO N:PRINT BCJ•N-N•I>;:NEXT:NEXT ..... ~.i, ; .. .,...~; ... 
140 RUN 

A>matrix inversion program for dynamic modelling.,.. .. ttl&ll" t 

M El·Nagdy 

T Hussein 

A K Sari 
F M Youssef 

M Wahby 

P Soininen 

File 
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6.6 Activities and schedule 

Four main items have been selected 

- Furnaces. 
- Heaters. 
- Electric/steam co-generation. 
- Electric systems. 

Pa e ·1 

February 11, 1985 

The work will take place in small teams and these activities will be carried out 
within the time scope (10 .•• 12 weeks). 

RESOURCES (Full/part time} 

Chemi ca 1- 3 ••• 5 
- Instrumentation- 1 ... 2 
- Electrical- 1 •.• 2 
- Computer- 1 (if time available) 

oriented persons involved in the items listed in the bar charts annexed. The cases 
are selected such that they serve ENPPI's direct needs in the short run. A distilla
tion unit with auxiliary processes will be one. Seminars will be given on related 
topics. In certain cases optimization and modelling is possible because this is one 
potential . Participants should qualify in thenna1, electrical, automation and 
process engineering and have a capacity for cost analysis. A great emphasis will be 
in training to prepares~nkeydiagrams for a deeper energy and cost analysis. Detailed 
and rough examples will be included in this respect. The result will be a plan for 
actions in the case in question. The people are expected to work part time. ~esources 

needed are (manhours) 

- 900 
200 

- 300 

Manhours Che111. 
Manhours Elect. 
Manhours Instr. 

c ~ These figures are estimates and can be le~s depending on experience. 
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ENERGY CONSERVATION 
AT ENPPI 

Page 2 

February 11. 1985 

The case definition phase means that each activity is defined in detail. When the 
case has been sel~cted, ~11 possible enerqy conservation actions will be analyzed, 
and how they can be done . A return on investment analysis is part of it. If 
more time will be available, further cases can be taken. 

Fo~ example, in case of furnace (one of therr.ost 9romisin~ objects). the following 

may be analysed : 

1. Assign the furnaces 
2. Fuel preheating. 
3. rc;covery of heat from 

stack gases (dew point of H2S04, Na, v. o2 .. etc.) 

4. Cont>ustion control. 
5. Instruments for energy conservations 
6. Fuel/air preheating. 
7. ~inal temperatur~ optimization 

of stack gases. 
8. Con~tructional effects. 
~- Materials of the heaters. 
10. Insulation. 
11. Start up/run down situations. 
12. Sooting (how and when). 
13. Perfonnance figures. 

It is expected that the act1vity will be finished within thP. period indicated in 
part time basis. This bar chart includes the titles of activities because only 
10 weeks are available and too much time cannot be used for the program design. 
Details will be given in introductionary seminars. The n~er of main activities 
is about 40 and about 50 workdays are available. This evidP.ntly explains the 
accuracy of the schedule. The result will be a plan of actions for the selected 
case in : 
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RESOURCES (Cont'd) 

1. Automation. 

2. Process. 
3. Insulation. 
4. Construction. 
5. Cost analysis. 
6. Materials. 

• Enpp1 

ENERGY CONSERVATION 
AT ENPPI 

Page 3 

February 11 , 1985 

Visits to selected refineries will be arranged. General seminars on these topics 

will be given at ENPPI - Alexandria. 

VI~S ON PRIORITIES 

The furnaces are considered the most important because it overlaps power stations 
refineries and ~an be extended elsewhere. Also it is a current problem: 

- for @xistin' refineries more tha~ 20 furnaces without proper heat recovery. 

- boilers have r-urnaces and a concept ,~, build power stations in connection 

with existing ~efineries is viable. 

- energy conservation ~?tentials are evident. 

If r~ducing the programs is necessary, the furnace is the last one. 

The sankey-diagram concept is introduced because of its illustrating nature to 

I 
I 

l 
-I 
.I 

locate energy conse~·iation potentials in existing plants and it is also a 

general. approach for other ind1Jstries. · I 
I 

Solar ard desalination are treated briefly because in the near future ffM potentials'. 

are seen in refi ner.Y area . 

,, . . ,.. 



-! 

P Soininen 
UNDP/ENPPI 
Cairo 
Egypt 

• Enpp1 

ENl:.RGY co~:SERVATION 
AT ~NPPI 

VIEWS ON PRIORITIES (Cont'd) 

Page 4 

February 11, 1985 

Automation is a 1 so to a certain extent a genera 1 approach to save energy. In deve 1 op
ing countries, it may be overdone but the potential· is evident. In the electric side 
power factor control and inverter control at motors are the most promising items. 
~lso, special measurements especially when maintaining the plants, provide potentials 
to discover heat leaks, impro!Jer operation and hence energy conservation. 

It ~s also important to ge~ started with the it~ms as soon as possibie. 
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FURNACES 

ITEM 1 2 

1. Case definition 
i.e to assign the 
furnaces. 

2. Fuels 
- Properties 
- Variations 

3. Heat recovery sys
tems of furnaces 
- Preheating 

4. Stack gases 
- Dew point 
- Cooling 

5. Thermal ins.•Jlation 
6. Sankey diagram models 
7. Operation modes 

- Steady state 
- Variations 

0. Fouling, slagging 
scale deposits.sooting 

9. Furnace, construction 

- Materials 
- Shape 
- Size 
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.0 
QI I c. La.. 10. ROI Analysis 

- Investment 
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11. Automation 
- Special instrum-
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"' 0.. ..... STEAM/ELECTRICITY CO GENERATION ..... 
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~"" A QI 1. Case definitivn ....... --

I 
-Assignment of plants 

2. Boiler concepts 
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- Orum type 
- Once through 
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3. Turbine 

- Extraction ..... z: - Type 0 c 
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...... ..... 4. Aux111a ry sys terns < 
'24 > 0 

cc: ...... - Feed water 0 
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VI 0.. - Superheaters 
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5. Operation modes u ..... 
>-< 
<.!J - Start ups a: 
~ - Run downs 
w - Load variations 

6. Fue:=ls 
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- Sulphur + V,Na 
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STEAM/ELECTRICITY CO-GENERATION (CCtlT'D) ...... 

t' 
ITEM 1 2 3 4 5 6 7 8 9 10 11 12 

IU 
:s s.. 
.0 

~ 8. Steam demand and c 
distribution 
- Condenser 
- Condens~tes 

9. Sankey diagram c 
- Balances 
- Material flows 
- Heat flows 

I, C z 
10. Re 11 ability ...... 0 -~ 

..._ 
- AlterT1ative supplies < > 

~ 0:: ..... supplies 
c Lt.J 0.. 

= 
Vl a.. 

11. Combi units -···-···-- ..--z: z 
0 Lt.J 

u [iJ u 
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..._ - Operation >- < 
CJ - Eff1 c1 ency 0:: . c Lt.J z 12. Condensat.e treat-Lt.J 
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water 

13. iwx.iliary steam c 
generator 

c 14. ROI 
A = All C = Chemical E = Electric a 1 Return on invest-

ment I = Instrumentation 
I 
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ITEM 1 2 3 4 5 6 7 8 9 10 11 12 
::i I\ L. 1. Case definition .0 

if - Oestillation unit 
and auxiliaries 

2. Perfonnance figures I, C 

- ~finition 

3. Unit Sankey diagram c 

- Heat and material 
z balances 
0 4. Scaling, fouling c ........ ....... ..... 

'24 < Blocking, leaks > I , C 
'24 

0:: ....... 
5. Pefonnance moni-UJ a. 
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- Insulation 
- Geometry 
- Size 

7. Operation modes 
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S. Materials 
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ACTIVITIES ~OR ENERGY CONSERVATION 

HEATERS, HEAT RECOVERY (Distillation Unit) (CONT'D) 

IT£M 1 2 3 4 5 6 7 8 9 10 11 12 

10. Refluxes c 
- Minimization 

11. Solar desalination c 
- Vacuum evaporation 

c 
12. CondensatP.s 

- Collection/treat-
ment 

- Heat recovery 
c 

13. ROI An1lysis t~ 
- Investment 
- Operatfon 
- Maintenance 

C = Chemical I = Instrumentation 
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ITEM 1 2 3 4 5 6 7 a 9 10 11 12 s... 
.0 

~ A 
1. Case specification 

- Listing potential 
objects 

2. Power factor control E --------·-
- Single components 
- Capacitors 
- Reachnces 

z - Plant scale 0 ..... - - Measurement ~ Q.. > - Solid state 
0.. 

a: .... 
WO.. E V>O.. 3. Peak load control 
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zz --
ow 

I~ u - Start ups/run downs [il t-
>< - Power factor <.!) 
a: 
L&J I• E z 4. Variable motor speed ...., 

controls 
Inverters 

- Other means 
- Benefits 
- Potential objects 

5. Inspection technique I• E 

- Eddy current 
- Ultrasonic 

c tJ - Vibration cu 
c: - Endoscope .,.. 
c - IR .,.. 
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I FURNACES 

1.1 THE MATERIAL REQUIRED 

ENERGY CONSERVATION 
AT ENPPI 

- PI diagram of an existing furnace with 

a Instn111entation data 
b Process data 
c Material data 

- Physical pictures of the furnace (directly fired heater). 

- Quality of fuels 

a Sulphur contents 
b Metals V, Na 
c Non burning part3 (inorganic) 
d Moisture 
e Fuel/gas alternatives 

Desi red flare power 

- Start up/rui down times 

- Dimensional data. 

1 .2 THE OBJECTIVES 

February 13 1985 

This will be a case for existing and future furnaces. Energy conservation opt~ons 
will be studied in the following way 

! - Instrumentation and automation 

-2 
c 
t:I 

... . ,,., 

a Sensors 
b Location of sensors 
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I FURNACES (Cont'd) 

1.2 THE OBJECTIVES (Cont'd) 

- Instrumentation and automations {Cont'd) 

c Control concepts 
d Protection (start up/run dOloln) 
e Stack gas analysis 
f Simple model for simulation 
g Perfonnance monitoring 
h Special instruments 

- Sank~y diagram 

a Material and energy flows 
b · Temperature levels 
c Loss analysis 
d Recovery possibilities 

- Process improvements 

a Addition of corrbustio~ air preheater 
b Dimensioning of the heater 
c Materials (glass. cast iron, inert, ... etc.) 

- Economical analysis 

a Assessment of investment based on available bids 
b Assessment of energy conserved 
c Profitability analysis 

- Insulation is analyzed 

a Optional insulation 

2C7 
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l.3 TENTATIVE PROPOSAL 

• Enpp1 

ENERGY CONSERVATION 
AT ENPPI 

Page 15 

February 11 • 1985 

Items for investment to conserve energy are listed so that bid enquiries are 
easily prepared if a decision on it will be made. 

II 

1.4 RESOURCES 

ENPPI will provide the necessary initial data. A group of three people will do 

the job and tne ment>ers are 

Chemical engineer 
Instrument eng'ineer 
PSN (UNDP expert} 

1 . 5 SCHEDULE 

A bar chart exists and it gives the mainframes for the job 

STEAM/ELECTRIC CO-GENERATION 

2 .1 INITIAL DATA 

a Steam requirements for the refinery 

b Electric supply for the refinery 
,.. Water supply ... 
d Data o~ possible fuels 
e Expected up-time 

2.2 OBJECTIVES 

i 
i . I 
I 
' . : 

! 

. ! 

a A specification of a corrbi or/and back pressure power station that suppl-; es 

heat and electricity to the refinery. 

~I~. 
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ENERGY CONSERVATION 
AT ENPPI 

II STEAM/ELECTRIC CO-GENERATION (Cont• dj 

2.2 OBJECTIVES (Cont'd) 

b A sankey diagram in a principle level. 
c Economic justification by energy conservation 
d Reliability analysis (alternative supplies). 
e Requirements on automation. 
f Operation modes. 

Page 16 

February 11 , 1985 

This case will not te as detailed as the furnaces, but if time is enough, this 

will be extended. 

2. 3 SOfEOULE 

The bar chart annexed. 

2.4 RESOURCES 

a 2 chemical, l electrical engineers (may be the same for the furnaces}. 

I I I HEATERS ON HEAT RECOVERY 

3. 1 INITIAL DATA 

a PI-diagram of a destillation unit and auxiliaries. (see furnaces}. 

3.2 OBJECTIVES 

a A detailed sankey diagram is prepared 
b Energy conservation potentials are identified 
c Profitability analysis is prepared on each potential to a sufficient extent. 

209 
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ENERGY CONSERVATION 
AT ENPPI 

III HEATERS ON HEAT RECOVERY (Cont'd) 

3.2 CIJJECTIVES (Cont'd) 

Page 17 

February 11, 1985 

d The main perfonnance figures are listed such that ~ont~nuous monitoring or 
checks in connection of preventive maintenance is possible. 

e Insulation and its ROI is analysed. 

f Scale deposits, blocking, size etc. are discussed which has i~'act on 
energy economy. 

g Solar energy and desalination are briefly handled. 
h ROI analysis 

3. 3 SCHEDULE 

Bar-chart annexed: 

3.4 RESOURCES 

a 1 •••• 2 Chemical engineers 
b 1 Instrumentation engineer 

IV ELECTRIC SYSTEMS 

4. 1 INITIAL DATA 

List of motors and their functions 

a Control system driving motors 
b Motors partly loaded 

4.2 OBJECTIVES 

a Power factor control yields energy savings in 

- Unit leve 1 

- Plant scale leve 1 
210 
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IV ELECTRIC SYSTEMS (~ont'd) 

4.2 OBJECTIVES (Coht'd) 

b Methods for this are presented. 

Page 18 

February 11, 1985 

c Variable speed control apportunities are analyzed versus conventional 
throttling (inverters). 

d Solar panels are treated briefly 

e Peak load analysis is carried out. 

f Solar panels and lighting ~re briefly discussed as to energy conservation. 

g Potentials by automation. 

h Re 1 ated economic analysis. 

i Effects of pfcon equipment sizing. 
k ROI analysis 

4. 3 SOiEDULE 

See the bar chart. 

4. 4 RESOURCES 

a 1 electric, 1 instrulll!nt engineers 

NA - I' 
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ENERGY CONSERVATION 
AT ENPPI 

The same instrument engineers will serve all needs of automation. 

Page, 19 

February 11, 1985 

Chemical engineers also participate all projects because they a·~ so much over
lapping. 

If time is enough, a computer model could be developed for the furnace rrocess and 
simulation of various strategies is possible. 

The total need Hoo manhrs. 

Ma,imum 10 people are involved. 

Four lines 
- Furnaces lst priority 
- Heaters 
- Co-generation 
- Electric systems 

Further details are given in introductionary seminars for teams. 

The b~r chart is a frame of operation. Energy conservation and its economic realiz
ation is to be kept in mind. 

The extent of activities will be matched with 11 weeks. 

Reports on progress is made regularly to participants and ENPPl's direction as 
below : 

NA 

M M El-Rifai 
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K M Khaler! 
M Nagdy 
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FURNACES 
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ENERGY CONSERVATION 
AT ENPPI 

DETAILS ON ENERGY CONSERVATION 

1. Case definition mear.s 

- Listing existing furnaces with technical characteristics. 

Page 20 

February ll, 1965 

- Auxiliaries if the'!"'e exist such as fuel pre.heating or stack ga;:, heat 

recovery 

- Existing control philosophies 

2. Fuels 

- Types gas/fuel or both 

- S, V, Na •• etc. co~tents 

- Moisture 

- Variations (T, viscosity, etc.) 

3. Heat Recovery 

- Various recuperator options 

- Materials (cast fron, glass, stainless steel) 

- Possibilities to install and outages due to it 

4. Stack gases 

- Corrosive components 

- Ash 

- Inorganics 

- Non combusted components 
- Temperature l~vels 

02, Co, etc. monitoring 

213 
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February : 1 , 1J81 

- List of figures that describe the function of the furnace and that are 

feasible for continuous monitoring. 

- Figures are for single components 
heaters, fans, pump~ and an overall perfonnance can be detennined 

6. Sankey Diagrams 

- An illustrative sankey diagram is prepared with material and heat flows 

and temperatures. 

7. Operatior. Modes 

- Constant/variable 

- Expected start ups end run downs and related losses 

8. Insulation 

- Optimal thickness 

- Methods to detect the optimality 

9. Foulings 

- fouling, slagging and scale fonnation is analysed (V-oxides,carbon, etc.) 

- By means of perfonnance figures it si possible to predetermine cleaning, 
sooting and po.-;sible opening during outage 

10. ROI Analysis 

- Return on investment analysis can be done to justify the investment 

11. Automation 
The ourpose is that complete cont>ustion is insured without excess air, 
therefore a suitable instrumentation and control concepts are proposed 

i4 
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FURi~ACES (Cont• d) 

11. Automation (Cont'd) 

- Perfonnance ll'klnitoring is possible during outages, e.g. 

• eddy curn:!nts 
. endoscope 
• ultrasonic 
• vibration (during operation, too) 
. IR photography 

- Start up and run down ~roup function logics 

12. Construction 

- is the furnace thennocynamical ly correctly constructed. 

- materials are analyzed too. 

215 
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1. Case Definition 

• Enpp1 

ENERGY CONSERVATION 
.AT ENPPI 

- A feasible refinery is chosen (refinery} 

2. Boiler Concepts 

- Sizing 

Page i 3 

February 11 , 1985 

- Type of boiler considering operational demands and availability 
(drum, once through, forced circulation, etc.} 

- Pressure/temperature levels 

- Loading modes 

- Start up/run down 

- Efficiency estimates 

3. Turbo Generator 

- Extraction points 

- Loadir.g modes 

- Type 

- Condenser 

- Sizing 

4. Auxiliary Systems 

- Fuel feed 

- Feed water vessel 

- Super heater 1 ow/high 
pressure preheaters 

- Auxiliary boilers 

- Air feed 

NA Co IC 
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5. Operation Modes 

- Even/variable load 

• Enpp1 

ENERGY CONSERVATION 
AT ENPPI 

- Possible feed to national net work 

- Start up/run down (co 1 d/wann) 

6. Fuels / Gas / Fuel I together 

- Same as to furnaces 

- Stand by fuels 

7. Automation 

- Control modes (floating/fixed pr~ssure before turbine} 

- Degree of automation 

- 02, etc. me&:urements 

- Perfonnano: monitoring 

8. Stearn 

- Temperatures and quantities 

- Extraction points 

- Variations 

9. Sankey Diagram 

- Energy, materia 1 flows and balances 

- Temperature levels 

1 O. Re 1i abi 1i ty 

- Alternative steam/electric sources 

- Boiler, turbine, generator trips 
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11. Cont>i-processes 

- Integration of a gas/fuel turbine with t:1e boiler 

- Economy 

- Situation with turt>ine trips 

- Efficiency estimates 

12. Condensate Treatment and Make up Water 

- Water supply 

- Water quality (chemicals to be added) 

- Condensate purification 

- Demand of make up water· 

- de-ionati ng 

- Quality of returned condensates 

- Alternatives (vacuum desalination) 

13. Auxiliary Steam Generator 

Capadty 

- Modes at standing by 

- Change over 

14. ROI 

- Analysis of return on investment 

218 
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HEATERS 

1. case Definition 

• Enpp1 

ENERGY CONSERVATION 
AT ENPPI 

- Lists of feasible unit 

- Feasible refinery 

2. Performance Figures 
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- Selection of figures that describe the function of heaters 

- Feasibility for continuous monitoring 

3. Sankey Diagram 

- Material and energy flows and temperature levels 

4. Scaling, Fouling, Blocking, Leaks 

- Formation of deposits and reasons 

- How to detect these 

5. Performance monitoring 

NA 

- Instruments necessary to monitor th~ perfonnance 

- Possible connection to a micro or computer 

6. Construction 

- Optimal insulation 

Minimal flow resistance 

- Maximal heat transfer 

Heat leaks 

- Size and shape optimization 
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HEATERS (Cont'd) 

7. Operation Modes 

- Conservation 
- Start ups/nin downs 
- Load modes 

8. Materials 

- Corrosion 
- Heat conductivity 
- Mechanical resistance 

• Enpp1 

ENERGY CONSERVATION 
AT ENPPI 

9. Re 1 iefs to atmosphere or to a condenser 

- Possibilities to minimize by pre heating input materials 
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- Utilization of optimal heating media, i.e. energy loss minimization 

-

10. Refluxes 

- Minimization without lowering acceptable product quality 
- Optimization of heat usage under constraints 

Possibilities for on-line optimization 

11. Solar Desalination 

- Possibilities for econom1:al use of these items 

12. Cor.densates 

- Utilization of dirty condensates 
(heat recovery possibility) 

! 13. Return an investment 

-2 - Estimdtes of feasible profits 
c 
tJ 
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ELECTRIC SYSTEMS 

NA 

1. Case Specification 

- Listing feasible motors 
- Assignment of the case refinery 

z. Power Factor Control 

- Plant scale options 
- Component level options 
- Methods 

. capacity 
• reactive 
• solid state 

- Measurelll!nt 
- Spart proof cf PFCS 

3. Peak Load Control 

- Situation (e.g. power plant trip) 
- Actions to avoid it 

4. Variable Speed Motor Control 

- Feasible objects 
- Benefits 
- AlterTtatives (DC-motors, hydrocouplings) 
- Inverter technology 
- Integration of an inverter to a control system 
- Spart. proofness 

S. Inspection Technique 

Eddy currents 
- IR-photography 
- Ultrasonics 
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ELECTRICAL StSTEHS (Cont'd) 

• Enpp1 

ENERGY CONSERVATION 
AT ENPPI 

5. Inspection Technique (Cont'd) 

- Vibration analysis (shock pulse technique) 

6. Compute rs , Micros 

- Feasibility of advanced contro1 systems, e.g. compressors 
- Computer control 
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. benefits, eg, on-line optimization or multi variable control 

7. Solar 

- Feasibility of solar panels 
- Average yield 
- Applicability 
- Costs 

8. lighting, Airconditioning, ~iscellaneous 

- Energy conservation possibilities with these items 

9. ROI 

- Profits to be recovered with these methods 
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UNITED NATlQ;sS 

G 
8. 7 UNITED NATIONS INDUSTRIAL_OEV~LOPMENT ORCANIZATION 

Post title. 

Duration 

~te required 

: 0ut-f sution 

Purpose of project 

0-..sties 

UNI DO 

PROJECT IN THE AP.AB REPUBLIC OF EGYPT 

. JOB DESCRIPTION 

DP/!.G':/81/016/11--04/32.1.B. 

Expert in Energy Conse?"Vatiou 

Three months 

As so·on as po~sible 

Cziro 

17 Octobe!' 1983 

INTERNAL 

To improve the e-cgi:lec!'ing capacity of the.Egyptian 
Petrolemn and Che~ical Uidu~cries through ~ po~er cev
elopme~t of the sole national engi~eering fi::: (~!>P!). 

the expert vill be attached to the Engineering f cr 
"the Pe~roleum and Process Industries (ENP?!) and will 
specifically be expected to: 

1. Assist i~ the preparatiou of the technical study tak: 
into account that preservzticc of ·cne com:ry .'s ?ecroleun and 
Gas reserves 1~ of vital importance. 

Studies shcu!d be directed at bette= usase of lo~ 
pressure ste~;.co:bined.cycle ~as turbines, use of 
solar energy cells, and sea vate= desali..~~tion ~lants. 

2. Assist in setting procedures syste:ns and manuals fo: 'l 
design, engineeri~g specifyi~g said facilities as 
vell as training ~PPI's ~~gineers to apply sace and'/ 

· desisn said facilities. 

The c:ryer~ vill alsc be ~:<";>ec:ed to preoare a f in~l repo:: 
settir.g out the findin&s of tne: mission ancl . 
reccminendacions to the Govem:nent on fu:;:~licr ~ction 
whic~ ~ight be taken. 

. ... I :· 

A;:>µ;ic.1i(lr1s ir,.:; comrm;;,i:a:::M :~?.d:~; '.h:f .1 -:~ l)~s-:r;~:::,n it-culd bt sent~~: 
Pr ·,c: !'rrs('l:i.i.•I R ... c:uirrir:it ~i::ion. ln::fo~:r1.;: O::>~r:t•:.ns ·:''visi~n 

.. 
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Qualif icacions 

Language 

Background 
m.f ormation 

• 

-2-

Several years' exoerie'1C'! is required in design. 
engineering and specifying energy conservation sysceos 
and facilities is required. 

English 

The development of chemical. and petrolf'.lllll industries in 
the comcry follovs a favourable trend because of the 
availability of basic and most im;>ortant f eedscocks 
for chemical processing which are: Crude Oil and 
llatural Ca;;;. 

Large capacities of crude oil refining facilities are 
in operacion. vhile dc~-"t1Stre4Cll processing of petroleum 
products, refinery intermediates and by-products are 
being developed on ·the basis of imporced technology and 
eiuipment. Siinil.arly, the use of uatural gas for che 
manufacture of basic che:idc:al.s such as a.mania, urea, 
Jaethanol and various_ petrochemical derivatives is 
increasing as many nev plants are under const:"Uc:ion, i~ 

the planning stage, or uneer consideracion. Also the 
use of na:ural gas and asscci.ated gas as fuel for 
industrial and dcmes:ic pu:=poses is in. i:lcreasi:tg de~a.,d. 
This just!fies the e~ablish:ll!!nt of a na:iocal engi~~e=in~ 
firm to serve the growing industrial. demana fer engi!lee:-::.!: 
services. ...: 

It is generally knolltl from past experience of the i.~d~st~
ialized vorld that establishing engineering firms is not 
an easy task. It requires the accumulation a~d develop
ment of engineeri:lg 'knov-hovznd e:r,>e!'ience. 

. ~ 
!NPPI, as the first e'!lgi.neeriDg fU:::i of-Che couicry~ has ·ece-~ J 
through this difficult task since :itS:;. establish::!ent in 
1978. The main constraint fac:i:lg ENPPI is the lack o! 
experienced specialists and designer:; i:i 1±.e c::n.:nc::-;. :o 
overcome this shortccmi::g. E?ti'PI is conducting a~ 
intensive training prog~a::m?e for professional gr~~th. 
This progracme needs all the St.'Pport in order t~ reach 
the national goai of establishing a sound eng:.:.ne;:t'ing 
base in the na~ionaJ . Industrial Sector. For this reason 
the Ministry of Industry bas recoc:mer.ded the allocation 1 

of UNDP assis:auce to ENl'PI. 
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a.e?=-oduction data er. ~gyptia.n o~l i~cust=:y 

(000. Tons) 

1952 1977 1978 1979 1980 a>/81 81/82• 

Bensine (Ca.soline) 186 1524 1711 1763 1951 1984 2091 

~aroaene 2~9 ~ 1 1475 1571 
1502 1652 164> 1724 

Jet Fuel 158 167 

Cu Oil 1~} 1961 2190 2280 2519 2159 2018 
Diesel Oil 11 

F\tel OU 1702 5254 5437 5536 6413 6781 TI24 

Butane Gas 4 64 72 39 139 153 165 

bphaU 51 148 193 211 273 291 304 

( 

( 
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