Mansoura Engineering Journal

Volume 3 | Issue 2 Article 1

12-1-1978

Economical Reliability Level for Electrical Power Systems.

Sayed Hassan
Assistant Professor., Electrical Power & Machines Department., Faculty of Engineering., El-Mansoura

University., Mansoura., Egypt.

Mohamed Tantawy
Assistant Professor., Electrical Power & Machines Department., Faculty of Engineering., EI-Mansoura
University., Mansoura., Egypt., mtantawi@mans.edu.eg

Follow this and additional works at: https://mej.researchcommons.org/home

Recommended Citation

Hassan, Sayed and Tantawy, Mohamed (1978) "Economical Reliability Level for Electrical Power
Systems.," Mansoura Engineering Journal: Vol. 3 : Iss. 2, Article 1.

Available at: https://doi.org/10.21608/bfemu.2021.183397

This Original Study is brought to you for free and open access by Mansoura Engineering Journal. It has been
accepted for inclusion in Mansoura Engineering Journal by an authorized editor of Mansoura Engineering Journal.
For more information, please contact mej@mans.edu.eg.


https://mej.researchcommons.org/home
https://mej.researchcommons.org/home/vol3
https://mej.researchcommons.org/home/vol3/iss2
https://mej.researchcommons.org/home/vol3/iss2/1
https://mej.researchcommons.org/home?utm_source=mej.researchcommons.org%2Fhome%2Fvol3%2Fiss2%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.21608/bfemu.2021.183397
mailto:mej@mans.edu.eg

Mansoura Bulletin December 1978.

ECONOMICAL RELIABILITY LEVEL FOR
ELECIRICAL POWER SYSTEMS
BY
S.a. HASSAN™ and M. TARTAWY ™™

ABSTRACT:

- we =t -

This paper introduces & mathematical model for having
the optimum operation of electrical power system with diffe-
rent values of reliability levels. The start-up costs of
the units, minimum-up timez and minimum-down times of the
units are of the factors considercd Based on the reserve
requirements and reliability analysis, & suggested method
is presented for economical reliability computavion of elec-
trical power systems,

1l INTRODUCTION®

To maintain reasonable reliability level for any power
system, &n amount of power reserve must be included, 1Its
value depends on different factors such as forced outage
rates of generating units, continued lJoad growth,..... 6tcs

Increasing the spinning reserve causes an increase in
the system reliability level. To have an adequate reliabil-
ity level, it is perhaps too easy to say that it is a mana-
goment decision but actually reliability level is directly
related to the investment in the systenm,

In order to have the increase in reliability per pounds
invested and to achleve the maximum reliability benefit,
quantitative reliablility indices for all points within the
system must be dcveloped. .

Soy, it is clear that aconomics and reliability are not
independent variables in daily generation scheduling and in
general, once the degres of reliability is determined, short-

term economic¢ scheduling is reliatively straight forward can
be done.
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., DSFTINITIONS:

T e D W e -

1,1, Long~term rasarve "cold reserve'i

It is the total power of & number of generating units,
3nsrated only when required, these units are mainly thermal
ganarating unit.

2.2, Short-term reserve "Spinning reserve'

1t is the total power of a number of generating units,
sparated at minimum-or no-load conditions these mainly are
gas=-turbines and pumped storage.

243, Momentary system reserve}

The momentary system reserve is the result capacity of

srimary governor action of all interconnected units of all
rartern systems.

3. DPTIMAL CONDITICNS FOR POWER SYSTEM OPERATION:

3.1l Eeserve behaviourt

In power systems, the power reserve must be suficient
t> zover the failure of generating units and deficits at any
3art of bulk power and distribution systems.

Fig. (1) shows the reserve application procedure after
raparation outage.

The power deficit in the system is compensated in the
ima range up to five minutes by the momentary-reserve of all
tn.arconnected units~- (primary governor action). Then, after
115 period at the latest it is requested that the subsystem
+i.ch caused the power deficit covers the loss through its own
"eserve- (secondary governor action) and reliefs the supporting
martner systems from their reserve shares,

As the mean access—~time B (T H) to the hour reserve
celd thermal units) is about 0.5 %6 8 hour, minute reserves
~spinning reserves, gasturabines, short-term and long~term
~torage plants) with a mean access-time B (Tz H) of 1:5 minu-
wos hava to be used, '

Because of economical ressons (higher operation costs),
“echnical reasons (limited energy capacity), and reliability
wacons {availability of spare fast-response reserve for fur-
‘Yer failure events), the minute reserve has to be replaced
¢ Just as possible by the hour-reserve.

So, the new reserve model which based on reliability
yralysis and considers the total reserve as minute=-, hour=-
reserve, must satisfy unforeseen changes in the system load
rithout impairing the system frequency and tie-line regulation
ind to protect against probable loss of operating capacity.

.,,“\
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3.2+ Economical operation:

From the economical point of view the cost of the power
system operation, can be divided intoi-
1) Costs caused by stationary operation.
2) Transitional costs due to operation transitions.

The costs of statlionary operation are the fuel costs
which are necessary to cover the loade For a gensrating unit
these costs depends on the actual power output at any instance,
the heat rate and the specific primary energy price.

The costs associated with operational transitions are
mainly fuel costs aristing from the start-up of a generating
unit following a8 shut-down condition. It includes alsoc &
cost share which assesses the diminuation of the unit 1ife-
time due to wear and tear.

3.3 Constraints on system operation:

The minimum and maximum power output capacity of genera-
ting unit as will as the shut-down condition of a unit describe
the feasible region, within which a unit can be operated are

the basic type of technica)l component constraints for operation
planninge.

For operation and planning additional types of constra-
ints for components must be considered asg

1) Must out units: to which belong units, not available for
operation due to maintenance or repair,

2) Must run units: this includes units which must be on-line

due to operating reliability, technica)l or economical
reasons.

3) Units on fixed power=output: to this type belong units which
have been pre-scheduled and have for certain reasons their
generation specified for a certain period of time.

4) Changes in capacity limits of units: partia)l out-ages or
maintenance of components can reduce the generating limits
and capacity of units. Similarly the restoration of compo-

nents and the completationof maintenance increase the capa=
city limit.

5) Load pick-up ability of units: during changes of the power
output of units certain permissible rates of change must
not be exceeded.

6) Minimum operating and minimum shut-down times for units:
during the operation of unlts it is necessary to consider it
for technical or economica)] reasons. In general that once
a unit is brought on-line 1t is operated for a certain time,
Simijary, once a unit is shut-down it must not be restarted
before a certain period of time.
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7) Personal limitations on plants: in certain plants it is not

possible due to personal limitations to start-up several
units at the same time,

8) Energy constraints on plantsi this type includes storage
plants (hydro compressed air) and plants or power system
interconnections for which certain values for the delivered
energy within a certain period of time must be reached for

technical (storage volume) or economica)] reasons (energy
constraints .

The operation planning procedure has to include al]l cons~
traints lmposed by the system. This reflects the requirements
that even in view of not exactly forecasted load curves and
component outages. The demand must be met with a certain pro-
pablility of supply which means that at any instance such, a
oower system has to be commited to cover the load and has the
required amount of minute-and hour-reserve available.

-, Optima) Cost of Reserve Computations:

To compute the optimal cost of reserve required for a
certain power, the following data are required:

1) The forecasted daily load curve.
2) The amount of reserve required.
J4 The operation regiond of the units,
*%hY "Cost curves of the thermal units.
5) Load pick-up rates of the units,
6) Minigum-up times and minimum~-down times of the units.
7) Start-up costs of the units.
8) Energy constraintis for emergy limited plants.
9) Interconnection characteristics and constraints.

10) Probablility distributions of the operation and repair
times of power units,.

11) Mean access-times to the reserves,

4.1, Reserve modeling formulationt
4,1.1. Constraints:

The different constraints of power system operation
:an be expressed mathematically as:

.+ Load constrainti

XTh .

< P + E - -

éb 1,t Ps.i.t-Pﬂ'L’t t-l,--l-.T

1=z} 1. 1

' -c---oo--o(l)
there,

NB
Pyt = Patn,t * %1, * E Pyt
i=1
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NT NP
Ps.i,t = Po,min,t * %1,4,t * E Pr, ottt > Posi,t
i=1 J=1
. . = P - p
aP!Jnlnt Tyi,t Prist
2., Reserve requirements:
NTh NS
Z Pmax'i * : P’E'J'j.'t} pS.L't, + SB.HR't "“..(2)
i=1 i=1
3. Capacity limitations:
NB
P a p - p A ]
> joi,t é i,t Poax,1 = Ppin, s’ (3)
b=l 1=l, eesseey NTh
NT
~ p N a P - s s s q‘
21—1 T,J,i,té‘l‘.i.t( ?,max,i ~ PT,min,4’ (+)

i=l. sss s e vy NS

4, Load pick-up limitations:

,Pi't = pi,t"'l‘ <Apmax'i.t ..ll..(s)
~
1=l' LN I I Y NTh

S5« Start-up restrictionss

ai't - ai't-l < si.t 000000(6)
~ 121, eeessep NTh

6. Bnergy restrictions:

T &
: Pi.t o Ct 231 --..--(7)

i:l. s 000 ey NTh
i=1

7. Storage restrictionst
t
- T -
E (Cp v Ppog,p =Cp ¢ Ppia, ) J\<Vo.i Voin,t
j=1
t

Z(cp N S -CT.PT'i.t) CJ\<vm‘”'i-vm.i veeess(B)
i=1

i:l' s e sy NS
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variablesi

ai.t =0
= 0
0

ar.i,t
‘Padedats

. Start-up Va

P . .
Tydeldst

pr,min.i

PT,max,l

apmax,i.t

5
.4

A

i
t
T

vo,i
min, i
max,i
21,
a_
PrJedst

T,i,t

or 1 i=1| seeees NTh
or 1 1=1' EEERE] NS
or l i:l. sesave Np
riables:

or 1 i:l. TR REREE NTh

power output of unit i1 at time step t.
power of unit i in power region j and time step t.
pinimum power output of unit i,

maximum power output of unit i.

power output of storage plant i at time step te.
punp power of plant i at time stop t.
turbine power of plant i at time step t.

turbine power of plant 1 in power region j and
time step t.
minimum turbine power of plant 1.
maximum turbine power of plant {i.

paximum

permitted power change of unit i at
between

time steps (t) to and (t=1)
start=-up varlable of unit i at time step t.
duration of time step t.

number of time steps of the operation planning
period.

used storage capacity at the béginning of the
operation plananing period.

minimum unstable storage capacity.
maximum unstable storage capacity.
comnitment variable for unit i at time step t.

comnitment varliable for pump operation of unit i
at power step j and time step t.

commitment variable for turbine operationm of unit
i at time step t.

constant for pump operation.
constant for turbine operation,

energy produced by unit i.
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NB nuzber of power regions of a unit.
NP number of pump power steps.
NS number of storage plants.

KTh number of thermal plants.

For problem, formulation the objective function is given
by the operational costs over the operation planning period
which are to be minimized, and contains the restrictions deri-
ved from the operational constraints.

4;1.2. Objective functions:

T NTh
Total costs = E:: E KB.l.t(pl,t)' Z%+Ka,i,t =Min
t=1 i=l
ol.oooo..(g)
where, NB
Kp, 1,6 = Kpin,i * Aa,e * 2 Ky = Pyyg
i=1
Ka,i,8 = Ka,1 ¢ 8yt

KB it production cost of unit 1 at time step t.
L

K, j.¢ Start-up cost of unit i at time step t.
'Ly

K start-up cost of unit i,

K

a,i
j speciflic cost in power region j.
Fmin.in minimunm product}on costs of unit {.

£

4;2; The{Hodelz

The probabilistic failure behaviour of generating units
determines the required power reserve.,

LY

For the computation of reserve one has to distinjuish
between minute-resorve and hour-reserve, The probabilistic
failure behaviour o0f unit is thereby described by failure
rates 7} (Tv) depending on the past operation time T .

4 .,24.,1« The minute reserve:

Assuming that the minute reserve is replaced by hour
reserve after the mean access~time E (T H). the operation of
the minute reserve can be calculated as“d two-state renewal
process Fig. (2).

The probability for a power deficit S

K. M which has to be
covered by minute reserve is, '
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N (1) E (1 )
1+ N )E (T )

Pr(lx.u) =

4.,2.24 The total reservei

The operational behaviour of éach unit on-line is descrie

bed by & two-stage renewal process vith the two states Op.rlt-
ion apd repair Fig. (3).

The probability for & power deficit SK which has to be
covered by minute-and hour-reserve is, A

T (1) B (1 )

P (S
1+ 7: (Tv) E (T

K,a) =
' k,B’

44243+ Required reserve for the system operationi

Assuming independent failure events the number of the
stochastica)l power deficits of similar type in a power system
is, M
NB =2 8 =}
where,

s HB + HA = total number of units.

A number of lost unit.

= X
Hon

HB = number of units in operation.

obability of power deficits S S S i ower
'SjstB:f y P 8JyA, BJ,H' BJ,H o povwe
r(ss,j.. ' ssj..) =KH Pr(Sk. .) o l:‘r(sl...)

M, L M

Magnitudeof the power deficits
Bag,e = 2_ By,
KeM,
A
Mean duration of the power deficits,

B

T = —1
ey

Kenw, E (T

k..)
Probabiiity of non-supply

Pr(ss..z} S'Ts..;;’ T) = j%;; Pr (Ssj,. ' Tsj..)
5
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MW % - [otal reserve .

| !

fast | ;

<Teserve . gi.o |

L< TeSerVe  Mean repair time . >
Fig. (1)

unit outage

in oper-
ation ;
ocut of f
operatio [ ;
e
nl\v
k E(Tk,m)

k(T,)= time dependant failure rate

E(T)= B(T ) =fast reserve,

Fig. (2) ‘
in oper=,
ation
out of
operation’
d - ! L Bt
k(Tv) mean repair time
«(Iy) = time dependant failure rate.

Fig. (3)

-
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Ssj.iz ' SJ'. 7”

Hence for the minute reserve with unrestricted operation
which can be used as hour-reserve follows:

0 (Sg g SeTg w7 M= PrSg o 7 8415 , 7y T-Pr(Sg,x)

rt
where,

E{(~) mean duration.
E(Tz,H
E(Tz n)mean access-time to the long-term reserve.

L]

Jmean access-time to the fast reserve.

?;(Tv) forced outage rate as a function of the past
cperation time.

Pr(-) probability.

Pr def probability of capacity deficiency (give reliabi=-
1ity level).

K M'SK K random variables: forced outage capacity to be
’ '" componsated by total reserave (A), fastreserve
(M), and long-term (H).

e “,ss H,SS HRandon variables: forced outage capacity of the
' ' '*"power system (8) to be componsated by the total

reserve (A), fast reserve (M), and long-term
reserve (H).

:'K,,AS

SS'“R'SS.MR’SS,HR Necessary total reserve (AR), fast reserve

(MR), and long-term reserve (HR) for the power
system (S).

PB . Time period considered for the opsration planning
¥+ v
calculation (e.g. one day).

TK ﬁ'TK Hi'TK H Random variables: outage duration of the unit
L ' '"(k) which determine the operation time of the
total reserve (A), fast reserve (M), and long-
term reserve (H).

] past operation time.

Fig. (4#) shows the flow chart for the computational

rocadure.
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" Data

Optima]l power

system composition

1

Reliability culculation

- Reserve Roquirements.

Requirements
atisfied?

Optimal operation schedule| .

Fig. (4)

11



£s.2s SeA.Hassan & M, Tantawy

5. CONCLUSION

I ——— . —— o —

It could be concluded that the economical reliability
leve; for electrical power systems is affected mainly by the
total cost of fast and slow reserve.,

The required reliability of power system determines the
requested fast-response and slow~-response reserve.

The method presented discribes the evaluation of optimum
wower system operation with different values of reliability
.evels., The start up costs of the units and minimum-up times
and minimum-down times of the units are of the factors consi=
dered.

The proposed linear esquations represents the objective
Junction and different restractions of power system operation
as & function of rellability calculations appears to be a
simple and sufficient accurate equation of this purpose.
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