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The paper reviews the main factors to be considered in
case of self produced electrical pover fed te an in-
dzstrial plamt; description i¢ given of the principal
types of ite connection te the electriz power system.
Iramples of special network studies are reported with
ccosiderations on their importance, oo digital program
haracteristics and on staffs of specialists that
sheuld cooperate.

1. TNTRODUCTIOW

ds industrial plant is not often planned and construct-
td, in ies final form, in the course of a zingle time
ghase. Thus, the intermal electric distribution net-
work associated with it also develops e=d undergoes
changes during the life of the factory. The same thing
bappens in the case of self-produced power fed to an
industrial pover sysfem. This power may reach wery
high values since it is increased every time ofe or
more of the folloving situstions arise: the combustible
sy—products of the industrial processes need tobeburnt
en the spot; stess is required at the factory sothatit
secomes advisable to combine its productiom with that of
ecergy; o highly reliable internal energy source is owed
#d to supply a certain plant or servicas. i

Table 1 shows the importance of energy self-produced
st industrial planes (1).

1t must be remembered that self-produced electric power
involves & very large number of firme (in Italy there
ware 174 in 1974)(2) and that the generstor groups are
distributed over a wide pover range (see Table 2).

Simee tethnological problems which may arise in in-
dustrial pover systesa are important, they oust be com
sidered in the design stage. The paper deals vith these
problems and ceans to drav the attention oo the use of
sophisticated caleulations to solve them.

2. DEFINITION, STZE AND MATH CHARACTERISTICS FOR OWN-
POWER FRODUCTION.

The first thing to do when conditions are such as to
nake cun-power producticn economical, is to define the
smount requirsd.

Asove all, it is necessary to estimate the demand for
stemm pet consumer installation, or the smount of coe
bustible product to be bumt, after wvhich & calculat-
ioe is made of the electric power to be produced. Thia
value is oot definitely wmstablished, but varies, eves
eopsiderably, depending on the choice of the thermal
eycle, on the temperature and pressure values of the
live steam, ©n the quantity of extractiocn compared to
the quentity condensed #o as to make the steam comauspt
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ion diagram and energy production disgram indepentent
of each other.

Thie study will be conducted with the help of standard
programs for the calculation of thermal cycles and will
lead to the tabulation of varicus altermative solutions
vith comparison of the financial aspect.

This will have to be completed witk considerations that
are more difficult to quantify cumerically, such as the
possibility of selling excess eoergy and its value, the
possibility of profitably buyizg eapital on the market
to build the plant, the advantage cf ensuring better-
quality power supply for the consumers and restrictione
on own-production imposed by the law of the coumtry
where the firm cperates.

3. 0WN-POWER PRODUCTION: DEFINITION OF CONNECTION TO
ELECTRICAL POWER SYSIEM.

Having defined the size of the gwe—power production
project, the next thing is to decide hov to distribure
it (one unit or several umits), how to set up the re-
serve power and how to include the unit or the units io
the distribution network in such a way that the com-
sumer can take the best advantage of the supply (3).

In thie connection, the configuration of the existing
network and the possibilities of sdapting it will be
important.

The lay-cut must make it poseible to supply with self-
produced energy the loads for which comtinucus service
is modt important.

The types of comnection to the setwork of own-power
production may wary greatly, since the detersining
factor in making the sppropriate choice ia oot sc Duch
the sbsolute value of the power of penerators as the
ratio between "consumer of power”, "generating power”
and"external network power'.

A brief description is given of two types of comnect-
jon that, in the experience of the authors, are widely
used in the chemical industry.

3,1 Form of Systems when Own-Power Froduction is Less
than Average Consumption. (see fig. 1 - sectican B)

In addition to the chief distriburion network normally
supplied from cutside, it is sdvisable to set up &
second system, connected to the previous coe by &
parallel (K} breaker . It is to this network thar the
alternators will supply power.

The separate supply coming from cwm-power production
feeds all the poweT centres it the factory where "pre-
ferential® supply is required. Therefore, at medium
veltage (and possibly lew woltage) level, these centres

TABLE 1 - Europe 1974: Total Energy Production, Industrial Consumption and Own-Production. (1)

Copl. 1l Cal.2 Col.d Col.& Col.5
Total Erodu:timﬁ D-ul:-prgductiun Ind,Consusption Ratio Ratio
107 kWh 107 kwh 107 kih Keel.2/col, 1)x 100 {col.2/col.3)x 100
Tealy 142.3 29.% 82.6 20,81 35.82
Lurope I E.32 .
(ECC) 598.5 180.1 451.9 18. 3 3




will have both & supply from the external system for
loads that have no special requirements, and a supply
from own-power production for loads that specially
need to be continucus. Normally, the two networks will
function in parallel oo the K, while the bus-tie break
er (I) in the master load center substation is ocpem.

In the event of breakdown in own=-power production,all
the plants will coptinue to operate from the external
power scurce through the breaker K.

1f the outside supply breaks down, then the opening of
the parallel breaker will enable the alternators teo
operate alone, and supply the lcads connected to their
network. To reduce transient imbalances, the attempt
sheuld be made to ecsure that, under nor=al operating
conditions, the K carries currents that are near to
ZeTO.

The solution of this paragraph becomes less and less
financially proficable, as the availabilirty of self-
produced energy increases in relation te total energy.
Obvicusly, the ";referential™ network should be extend
ed and boosted, rmeil it becomes a duplicate of the
main system.

3,2 Form of Systen vhen Own Power Production is Approx-
imately Equal to Coosumption (see fig.l - section A).

In this case, the factory network has the same con-
figuration as it would have if there were no ocwn-power
preduction, which feeds the same system as supplied
from outside.

1f the ocutside supply breaks down, the network is isclat
ed and is supplied by the gemerating plant; if the
geaerating plant goes out of operation, then the in-
stallation iz supplied from the outside.

Ic both cases, & actomatic system for discomnecting
the load will make the power gbsorbed equal to that
which can technically and contractually be supplied by
the generating plant and the externmal system, respect-
ively.

In choosing the loads to be disconnected,account should
be taken of the requirements of the chemical process,
vhile the method of performing the operation should
take into accoumnt overall dynamic behaviour by means of
a sophisticated program (e.g.cases 9-10 of table 3).

&. STUDIES TO PEEDICT AND IMPROVE THE PERFORMANCE OF
IND RIAL LL] IH= EHERATION.
EEQUIREMENTIS AND LSE OF COMPUTING TECHNIQUES.

In both phases reported in chapters 2 and 3 and in the
subsequent detailed design, a series of studies is im-
dispensable to cptimize the electric power system
mder the various normal and emergency cperating condit
icns. Mention is given here only te those metwork
studies necessary to meet  important goals such as:

= choice of the characteristics of system components
to get economic and reliable operatiom;

- choice, coordization and setting of the protections
iz order to minimize disturbances and loss of loads
during faults ané transients.

Table 2 - Nugber of Thermo-Electric Groups in Ttaly in
197% (t=zcl.Internal Combustion Engines).

Pover Turbines

ﬁ:;’ Stean Gas
Tondens =g | Back-pressure] Extraction

5P to 5 W B4 78 18

5 - 50 50 100 37 12

gver 50 5 2 11 =
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The classical types of power system analysis studies
{load-flow, short circuit, stability) should be per—
formed with the appropriate digital programs (&) tak-
ing care of the particular problems posed to electric
power system of in-plant generation industrial facilic
ies by the combined presence of igenerating wnits, in—
duction mot=rs and special loads, interconnection to a
utilicy supply.

4.1 Load Flow Studies.

The normal load flow programs developped since many
years are ncw cheap as for investoent and running cost
and are easily available; their extended and current
use does mot give special problems to electric staffs
in charge with the design of the industrial plants. No
comment and no example on their application is there-
fore repcrted in this paper.

4.2 Short Circuit Studiea.

Industrial systems with in-plant generation and induct
ion moters are characterized by a stromger fault i
current decay with respect to other systems (see figh)
The comnverntional short c¢ircuit programs, now cheap and
easily available to many organizations and based on
Thevenin eg=ivalents (%), cannot provide complete
results; their use must be confined to check the maxim
uwn current peak imposed on the various system com—
ponents and devices. The use of sophisticated progra=s
{see item &.3) is therefore indispensable for the com—
plete deficition of breaker characteristics in eritical
cases and expecially for the coordinated setting of
relays and protective devices.

4.3 Stability and Transient Studies.

These studies aim to verify that transient or dynamic
instability conditions are avoided for the generating
mits in respect of each other and/er of the externmal
system poizting out the influence of load behaviour
{induction motor stalling) and any programmed load
shedding or motor restarting.

For industrial plants with owm-power production,stabil
ity prograzs with simplified representaticn of generat
ors (e.g.coostant e.m.f. and comstant impedance) are
clearly wmacceptable and inadequate to provide suffici
ent results; even programs with sophisticated represent
ation of geserators with their excitation and govermor
systems but with rough representaticn of motors (con—
stant impedance or P(V),Q(V) functions) give in many
cages unreliable results.

This is clearly shown in Table 1 and fig.3 by the compar
ison of cases 6 and 7 (simplified representation of im-
duction motors) with 5 (correct simulatiom of motors
and associated mechanical loads). Therefore, in the
authors' opinion, sophisticated digital programs are
fundamental tools for the ocptimization ef in-plant
generaticon power systems.

Even if output through plotters (see fig.2 to 6) gives
to the designer a quick, complete and easily under—
standable picture of the transiemt behaviour, the
correct and economic use of these programs requires
staffs of specialists not only on petwork studies, but
also on the mathematical models imvolved.

4 4 Exacples of Studies with Scphisticated Programs.

Scme few exazples relevant to a series of studies per—
formed durizg various phases of the actual industrial
plant sketched in fig.l are reported on Table 3 and
fig.2 to 6.

(%) - Cenerators and loads represented by constant
izpedances ,decay of d.c.and a.c.components comput
ed with simplified formulae based on X/R values,
short circuit current distributions computed inm
many cases disregarding the load-flow currents,
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