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Method of transmission power networks reliability estimation.
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Abstract: - Power supply reliability is one of the main criteria in estimation of power system networks. There have
been many power system blackouts during the last years, which have resulted interruption in power supply and big
material loses in many countries all over the world. The same problems are in Latvia. Economic development and
growth of consumption in Latvia, demand introduction of new generating capacities, new transmission lines
buildings, need to improve power system supply reliability methods and power system electricity market arrangement.
In order to prevent similar problems in a future it is necessary to elaborate new methods of power supply reliability
assessment, which will use power network modernization and development. One of these methods is developed and
examined in this paper. This reliability problems, which is devote modern, scientific and economic power system
planning criteria and this calculation methods, review and assessment, is very actual.
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1 Introduction

Methods for power system reliability evaluation have
been developed over the past 30 years. Although
research still continues in search of better models and
methods but in general there is f substantial body of
knowledge that can be used effectively for analysis
and management of reliability related issues..

Depending on the scope, reliability analysis requires
the simulation of the complete operational behaviour
of the system to a certain extent including manual or
automatic actions taken in response to component
failures. Therefore reliability calculation is a much
more sophisticated task compared to the conventional
(n-1)- power-flow analysis. Suitable models to
represent the components and the system are needed.
We also need tools and data for making calculations
using these models and the indices and methods for
incorporating the output of these models and methods
for appropriate applications.

Transmission power systems reliable operation is
the important component of qualitative electric power
supply. Consumers have already got used to reliable
and continuous electric power supply and the most
part of productions cannot exist without it.

The main thing, not only quickly and as much as
possible with the minimal losses to repair the appeared
damages, but also precisely to provide that.
Substations to fulfil a very important function in
transmitting power network work and reliable work
and functioning of consumers depends on them in the
big degree. Especially it is actual to big consumers in

Latvia, which have very big problems from electric
power non-delivery.

The Laboratory of Power System Simulation of the
Institute of Physical Energetic Latvian Academy of
Sciences and Riga Technical university worked in the
project “The Network Reliability Optimization under
Liberalized Electricity Market”. In this project new
reliability calculation with undelivered energy
methodology and software (Transmission network
power supply reliability’s estimation software) is
elaborated. Investigation results to put into practice in
Latvian power system.

2 Reliability criteria
Switchyard reliability criteria are the following:
1.Probability of all connections synchronized
disconnection
2.Probability of transit interruption
3.Probability of load disconnection
4.Probability of transit active status
5.Probability of load supply active status P
6.Undersupply of energy W [MWh/a]
7.Costs of energy’s undersupply C [thous. €/a]

For switchyard estimation of reliability is necessary
to take into account the failures of following elements:
Switchgears,

Busbar,
Disconnector,

Surge arrester,
Voltage transformer,
Current transformer.
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7. Power auto transformer.

8. Power line.

9. Autotransformer relay protection.
10.Power line relay protection.

3 The main parameters of reliability of
substation schemes

The main indicators identifying the scheme of
distribution units in regard to reliability conditions are:

e probability of complete (100%) disconnection of

substation;

e average frequency (50%) of disconnection of

links (transformers, lines);

e probability of disconnection of two lines (faulted

and non-faulted lines).

The power system reliability numerically
characterizes probability of emergent conditions g and
probability of operation conditions p, sum of which p
+ g = I, but probability of operation conditions can be
expressed as p= [ —q. In evaluation process of
reliability scheme is accepted that high reliability level
has the scheme which p >0,9998.

4 Power network reliability estimation
with undelivered energy criteria

Block scheme of the method algorithm is shown in
fig. 1.

Tehnology of calculation

The considered types of switchyard are divided into
elements.

Definition — Rated element is a switchyard part,
which is disconnected from power system by
disconnectors as a fault clearance result.

Properties — Rated elements is a critical devices group,
which is disconnected from power system, if only one
device from this group has fault clearance;

Switchyard rated element example is showing in
figure 2.

Asymptotic unavailability of element i calculated by
formula:

U;=Ngy;Asw Tsw + Npp; - Agp - Tsp + Np - Ap - Tp

+ Ny Asa Tsq + Nyr i Ay tr + Neg i Aer Ter +

+ Nowvi Ay 7w + Niwrayi - Averay Tivray +

+ Nz Aar Tar + Narrayi * Aarray  Tarray

[h/100y] (1)

where
switchgears and others critical devices failure
Ao Agp i
parameters [num./y]; (handbook value)
-y _ switchgears and others critical devices repair
Jrenep time [h]; (handbook value)
N;, - number of switchgears in element 7;
Ny - number of busbar location in element 7;
N, - number of disconnectors in element ;
Ny i - number of surge arrester in element i;
Ny, - number of voltage transformer in element i;
Ny i - number of current transformer in element 7;
Nyri - number of autotransformer in element ;
Nini - number of power lines in element i;
Nirray,i number of autotransformer relay protection in
" element i;
Ningray,i number of power line relay protection in
" element i;

Switchyard’s scheme selection

1. Calculate 4, U, y and 4,,, U, 2r
for all elements

2. Calculate 4, U, y for all
connections (P)

3. Calculate probability of
availability (p)

4. Test of
switchyard
suitability

Not available

Is available

v

5. Calculate quantity of
undersupply’s energy [kWh/a]

6. Calculate costs of undersupply’s
energy

l Results I:

Fig.1. Reliability criterion estimation
algorithm block scheme;
A - failure rate, y - probability of unavailability position,
U — asymptotic unavailability parameter.
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Fig.2. 330 kV switchyard (double-busbar scheme
configuration) division into rated element

Element i probability of disability

Ui
Xi =g7¢q (2] (2)

Table 1
330kV switchyard (double-bus bar scheme configuration)
parameters of a rated element (fragment)

Table 2
Example of 330kV switchyard (double-bus bar system)
second block calculation (fragment)

Number : .
% calculation U calculation au
ele::lfent formula, a.u. formula, h./y e U, h/y
P1 =21+ Up = 8760 0.000032 0.284
P2 =0T Upz = j2-8760 0.000032 0.284
P3 X3 =31 X6 Ups = jp3-8760 0.000030 0.259
P1+P2" ity o1 + 2 8760 0.0000163 0.143002
P3+P4" 0.0000168 0.143001

X xet Xs Xp3 + P4 8760

* - think, that the second element is repairing, but the 1
element has a fault.

3. block — calculation of availability’s probability.
The formulas, developed earlier, are used for each
switchyard type calculation. (See Table 3).

Table 3
Example of 330kV switchyard third block calculation

Nr. Name p formula, a.u. D, au. U, h.ly
1.  All connections
synchronized p=1-p1+p2 0.999983675 0,228
disconnection
2. Transit interruption p=1-xn 0.999968 0,367
3. Load disconnection p=1-2s+ps  0.999983675 0,228

i Nsw,i N, Np,i Nsai Ny 4, hly U, hly 2> av.
0,000
1. 1 0 1 1 1 0,0126 0,141 016
0,000
2. 1 0 1 1 1 0,0126 0,141 016
0,000
3. 1 0 1 1 1 0,0101 0,116 013
4.

1. block. For all elements failure mathematical

expectation A, asymptotic unavailability U and

probability of unavailability positiony are calculated.

The calculation is made for the emergency failures and

to maintenance position.

2. block. Calculate:

1) Connections PI, P2, P3
disability yps, gp2  Xp2»
unavailability Up;, Up,, Ups; ...;

2) Two connections (PI+P2), (P3+P4),
synchronous probability of unavailability position

and asymptotic unavailability

probability of
and asymptotic

X(P1+P2)s X(P3+P4)s ---
Uwpi+p2), Upspas - -
The formulas, developed earlier, and the first block
rated results are used for each switchyard type.

4. block — suitability’s test. As the suitability’s
criteria p=>0,9998 is used.

5. block — calculation of not supplied energy.
The not supplied energy calculated by the formula
(for example, take the load equal SOMW):

W= P-Upsipskg = 50-0,143 - 0,59 = 4,22 [MWh] (3)

where k,, - rated coefficient, which observes load
graph, accepting, that failures can take place during a
year (see table 4).

. (1600+4200-0.7+2960-0.2)
g~
8760

= 0,59 @)

Table 4. Rated coefficient parameters.

Mode Nr. Name Tre, hly P,au.
1. Maximal 1600 1
2. Medium 4200 0.7
3. Minimal 2960 0.2

6. block — calculation of energy’s undersupply costs.
If specific costs ¢ = 10€/kWh, then energy’s
undersupply costs are:

C=cua -W=10-422 =422 thous.€/year ®))
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In the ultimate result having selected switchgear and
equipment type with different options and having
calculated for all these situations reliability with
undelivered load criterion, the most acceptable option
is selected and the rest options are considered as
invalid and unacceptable.

In order to calculate costs of undersupply energy C,
in many countries specific costs of undelivered energy
cuna are used of electric network due to power supply
interruption caused total costs proportion against to
undelivered electricity in kWh.

The specific costs c¢,,, are framed in the result of
perennial observations. Using the undelivered specific
costs the information on interrupted load and
interruption duration shall be available. These values
can be easily calculated in distribution networks as in
case of fault one or more load buses or nodes are
tripped. Unfortunately at present Latvian conditions
the specific costs of undelivered electricity are not
known. The foreign researches state that specific costs
of undelivered electricity c,,; depending on users
comprise 0,5-100€/kWh. In Latvia such investigations
and research have not been done yet.

Due to that big (qualified) consumers in power
supply systems in the world and Europe, draw the big
attention and interest to questions about "power supply
reliability" and '"nondelivered electric energy".
Investigate work characteristics of consumers, their
structure, consequences after switching-off of
consumption, etc. Consumers to be indignant big
discontent that they are not protected. Power supply
systems pay very small penalties for undersupply of
energy, though production losses are much higher, and
quantity of nondelivered electric energy to consumers
very big. Therefore research will proceed and very big
work ahead.

5 Conclusions

1. The schemes of electric power plants and
substations are of great importance in the
reliability provision of electric power supply.

2. In paper presented 330 and 110 kV substations
switchyards reliability estimation method is apply
for power transmission networks in Latvia. The
schemes and diversity of the existing transmission
network  switchyard  hampering reliability
calculation process have been analysed. The
method estimates transmission network reliability
with criterion of undelivered energy.

3. The calculation of reliability of transmission
network with criteria of undelivered energy allows
assessing probability of disconnection of certain
lines and connections and providing the

opportunity to evaluate material loss that would be
caused to the consumers in case of undelivered
energy.

4. The elaborated methods, which is presented in
paper, is applied in the dynamic optimisation
software LDM-AD created by Mathematical
Modelling Laboratory (EMML) of the Academy
of Science Physical Energy Institute of the
Republic of Latvia according to the order-
assignment of public utility AS Latvenergo
(Latvian power company). The program performs
reliability analysis of transmission network
substations and switchyards operation and electric
power supply reliability and security analysis.
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