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Abstract: The electrical distribution network operation depends considerably on network busloads, which are
formed by active and reactive power of the substations. Therefore, the network operation variables such as
power flows, currents, voltages, etc. change similarly as do loads. It is possible to notice periodicity, tem-
perature dependency, stochasticity etc. This paper describes the distribution network monitoring methodology
based on the mathematical model of load, i.e. in described approach, the network busloads are modeled using
the mathematical model of load and afterwards, modeled load values in different conditions are used for
network monitoring. Monitoring is understood as network operation forecasting, simulation, and analysis.
Success of monitoring is guaranteed by an adequate mathematical model, which describes the changes of the
load during the entire observable period, both in the past and in the future. The results, obtained through
network monitoring process could be used for long- and short-term planning and dispatching, considering
adequate changes in time, temperature dependency, probable deviations of the state variables etc. Based on the
results it is possible to assess network operation and possible future scenarios and their effect on the network
and apply appropriate solutions to enhance system reliability and security. An application of network analysis,
modelling and estimation but also validation of results with real measurements obtained from real distribution
network is presented.

Key-Words: busloads, distribution network, mathematical model of load, load monitoring, network operation
monitoring, SCADA, state estimation.

1 Introduction planning, country’s development situation, forecasts

on its load. Load changes regularly, depends on but in power system security studies the load is

weather conditions, and has a stochastic nature [1]. modelled considering the imminent effect of system
The purpose of generation, transmission and distri-  Pehaviour to contingencies. In [2] & long-term peak
bution system is to cover the load in all conditions. ~ forecast possibility based on general modified expo-

The balance between generation and consumption ~ nential model is presented. In this paper, the atten-
must exist at all times. The power system load js  ton is paid to the modelling and handling of the

controllable to some extent, for example, through ~ l0ad from the perspective of modelling and analysis
electrical tariffs or using the load dependency of op- of the distribution network operational dynamics.

erational parameters (voltage and frequency). Nev- Over the decades, power system engineers have
ertheless, possibilities of load control remain secon-  100ked into the world of forecasting of the electrical
dary as adjustable features of the power system op- system Ioa_d. lefgrent methods based on regression
eration. The behaviour of the load and the regulari- ~ analysis, time-series models, neural networks [3],
ties of the load change are primary features of the ~ fuzzy logic [4], expert systems etc. have been devel-
power system operation. oped and applied. Comprehensive overview of dif-

In power system analysis load values are basi- ferent load forecastl_ng methods is presented in [5].

cally needed for three main purposes: system secu- ~_1nhe above mentioned methods could be gathered
rity studies, short- and long-term planning of system into notion of conventional approacr_l of load fo_re-
operational dynamics and short- and long-term sys- cast, i.e. the needed Ioa_d forecast is found using
tem planning. Each of those applications need dif- ~ formal approach based directly on load data, which
ferent approach. For example, in long-term system is given in time series. Load forecast models are
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chosen according to the nature of initial data
(amount of data) and on the required result (e.g.
forecast lead time). In case of forecast models the
main attention is paid to the application of formal
mathematical methods according to certain circum-
stances, not to consider the nature of the load.

In the distribution network, close connection
between the electrical network operation and the
change of network busloads prevails. The distribu-
tion network operation is considerably influenced by
network busloads, which are formed by active and
reactive power of the substations. The availability of
information is somewhat modest in distribution net-
works and therefore comprehensive methods for
network monitoring should be used. Over the years
different methods for distribution network power
flow calculations [6], [7] and state estimation [8],
[9] have been composed and implemented for
different studies.

The outline of this paper is as follows: in Section
2 an overview and principles of monitoring of the
distribution network operation are presented, in
Sections 3 and 4 basic principles and methods for
modelling of load and state estimation of the distri-
bution network are presented, respectively. In Sec-
tion 5 results of the conducted study and correspon-
dence of applied methodology to real network op-
eration is presented. Section 6 present conclusions
obtained from the study.

2 Monitoring of Distribution

Network Operation

The principles of monitoring of the distribution net-
work operation are presented in Fig. 1. Monitoring
consists of network representation, gathering of in-
formation, modelling of load, estimation of load
model, network operation modelling and estimation,
verification of results and models, and adequate de-
cision making considering the results obtained in
different conditions. The results of the monitoring
process can be used for network dispatching and for
short- and long-term planning purposes.

The medium voltage (MV) distribution network
can be represented as a set of feeders going out from
a transmission substation (HV/MV), consisting of
line parts and distribution substation connected to
the end of MV feeders. Switching disconnectors at
the disconnection points can change the configura-
tion of a feeder (Fig. 2). Hence, distribution network
has radial structure and its functioning is directly
specified by loads and their regularities. In addition,
MV/MV substations and voltage regulators may be
incorporated.
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Fig. 2. Principal scheme of electrical distribution network

The load of a MV feeder is formed by active and
reactive loads of distribution substations. The load
of a distribution substation is formed as the sum of
LV loads and losses of distribution transformers.

Dispatch system SCADA meters state parameters
of a feeder periodically. Measured data may include
values of active and reactive power, currents and
voltages at various points of the feeder. Mainly these
variables are measured only in HV/MVsubstations.

From the viewpoint of monitoring and availabil-
ity of the measurement data, the distribution net-
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work should be divided into operatively observable
and unobservable part (Fig. 3). In the observable
part of the distribution network, the data, which can
be used for handling the network operation, is
obtained by the dispatching system (System Control
and Data Aquicition - SCADA). SCADA gathers
active and reactive power, currents and voltages of a
feeder in HV/MV substations and at various points
of the feeder. The sampling frequency in the SCADA

is usually once or more times per minute.
Transmission
network

110 kV
POLU

SCADA
measurements

Observable
distribution network

Load
35kV @

PO LU

SCADA

measurements

35kV

Unobservable
distribution network

Load

10kv@

POLU
10kV

EMR
measurements

PO Load

0.4 kV @

Fig. 3. Loads on the various levels of electrical network

Similar data for the unobservable part of the dis-
tribution network, e.g. LV distribution network, is
not available. Although, measuring hourly electricity
consumption of consumers for commercial purposes
of the electricity market (energy meter reading,
EMR) has recently expanded significantly, but un-
fortunately, the operative connection between dif-
ferent measuring systems is missing. However, the
commercial data may also be used for estimating the
load models. When even the commercially measured
data is missing, load models can be estimated ac-
cording to the data from the client information sys-
tem (CIS).

A simple, two-way iteration process is used in
the computation of the distribution network opera-
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tion (Fig.4). First, the power losses and power
transmission in lines are found starting from the bus-
loads at the end of the feeder. As an initial value of
the bus voltage, the nominal voltage may be used. In
the second phase, the bus voltages are calculated,
starting from the HV/MV substation bus, the voltage
of which is considered as given. In the second phase
of the calculation, the load dependency on the volt-
age and the effect of the voltage regulators are con-
sidered. The described algorithm usually converges
in 2...5 iterations.

Calculate line
voltage drop and
voltages

Determine initial
condition for
voltage

Calculate power
flows and power
losses in lines

e

Is the process
converges

Yes

End

Fig. 4. Scheme of steady-state calculation of radial distri-
bution network

In distribution network following simplifications
are made: shunt conductances of lines are neglected,
transformer shunt conductances are neglected and
transformer losses are only considered when
determining network active power and energy
losses, inductances of cables are also neglected.

Due to the fact that the difference of input and
output voltage angle 6 of any element of distribution
network is small, it is therefore considered that when
calculating voltages only real component of voltage
drop is considered AU; =AU, and the imaginary
component AU; is neglected (Fig.5). If for i-th
segment of line (Fig. 6) voltage U; and value of
active power P; and reactive power Q; is known at
the beginning of line, and also resistances R; and X,
then voltage drop is

AU, =1,Z; =(I{ = JI)(R; + jX;) =

1

=([[R, +I[X,)+ j[X, - I/R) @
which real part is considered as voltage drop.

AU, =(I/R, +1!X,) (2

Multiplying and dividing the result with voltage U,
we obtain the equation with active and reactive
power values
PR, + 0, X,
U, = A 3)
In the back-loop, when voltages are given and we
search for power flows, then power losses in i-th
line segment are found

AU, =U, -
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P2 +0%,
> — si+l 2Q311Ri, (4)
Ui+1
P:.+0°
AQ,‘ — s i+l ZQs i+l X,' (5)

i+l
and active and reactive power values at the
beginning of line may be expressed as
B =P, +AF, (6)
0, =01 +AQ, (7
Here, active and reactive power P, ;;; and Q; ., are

the sum of branches active and reactive power
values leaving from node i + 1 and load.

Fig. 5. Voltage drop and voltage loss at different network
elements

U Pi, Q/ P.u'+/, Q.u‘-/ U pi+/, Qi+/
i — — T ——

l R, X l

Pki, QK[ PK[H, Q/m/

Fig. 6. Line segment calculation

The calculation of the unobservable distribution
network operation does not differ essentially from
the calculations in the observable part of the net-
work. The network configuration is radial, and the
necessary information concerning the load is re-
ceived from similar load models, as in the higher
level of the distribution network.

Among the measurements some errors and mis-
takes are presented. Therefore, data estimation is
needed, especially for clearing up bad data. As the
redundancy of data required for estimation is usually
not available, traditional estimation methods are not
directly applicable in distribution networks. To get
additional data load models are used. The last stage
of the distribution network monitoring is the as-
sessment of models and network operation.

Modelling and analysis of distribution network
operation is needed for short- and long-term opera-
tional planning of the electrical network. It is neces-
sary to describe adequately changes in time, tem-
perature dependency, probable deviations of the
state variables and cover different cases and scenar-
ios. Based on the results obtained it is possible to
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make more economical and technical decisions to
obtain more efficient operation of the distribution
network and enhance network reliability.

3 Mathematical Model of Load
Different methods based on regression analysis,
time-series models, neural networks, fuzzy logic,
expert systems etc. have been developed and applied
to model the electrical network load [10]. Those
methods can be named as forecasting models in
where the needed load forecast is found using for-
mal approach based directly on load data, which is
given in time series. Forecasting models are formal
data models, considering only the data. Nature of the
load is not considered. More comprehensive solution
is obtained by composing the mathematical model of
load.

The mathematical model, describing changes of
load (active power, reactive power, or current) con-
sists of three basic components [1], [11]:

Pt)=E@)+(t)+06() (8)
where E(¢) is mathematical expectation of the load

I'(r) istemperature-sensitive part of the load
O(t) is stochastic component of the load.

Mathematical expectation E(7) describes regular
changes of a load, such as general trend and sea-
sonal, weekly, and daily periodicity. Mathematical
expectation is principally non-stochastic and corre-
sponds to the normal temperature.

The temperature-sensitive part of a load I'(¢)
describes load deviations, caused by deviations of
outdoor temperature from the normal temperature
[12]. The normal temperature (mathematical
expectation of the temperature) is the average out-
door temperature of the last 30 years on any given
hour of the year. If the real outdoor temperature cor-
responds to the normal temperature, the value of the
temperature-sensitive part of the load is zero. To
compare the temperature dependencies of different
loads, the component 7°(¢) is normalized

I'(1)=R(@)y (1) 9)
where R(¢) is rate of the temperature dependency of
the load and y(z) is normalized temperature
dependency component. Rate R(f) represents the
load increase when the temperature rises by 1 °C.
Component y(¢) describes other regularities of the
temperature dependency, e.g. delay etc.

In Fig.7 an example of load temperature
dependency with daily values is presented. For
comparison, temperature and normal temperature is
also presented (scaled on the right axis). Here the
load long-term forecast E(z)+ R(t)y(¢) is achieved
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by adding temperature dependency to mathematical
expectation.

The stochastic component ©(¢) describes sto-
chastic deviations of the load [13]. Due to the auto-
correlation, the deviations are stochastically depend-
ent on each other. It is practical to normalize the sto-
chastic component. The proper rate is the standard
deviation of the load S(7). The result is

o) = SIS () + £(t) + 7 ()] (10)
where (£(¢) is expected deviation — conditional
mathematical expectation of the stochastic compo-
nent. The expected deviation of the load may be
used for short-term forecasting of the load. In Fig. 8
an example of real value of the load and additionally
the values of long-term forecast E(¢)+ () and
short-term expected value E(¢)+I'(¢)+S(€)S(¢)
are presented. £(¢#) is normally distributed non-
correlated residual deviation (white noise) of the
load. z(¢r) is peak component that considers the
existence of large positive or negative deviations
(peak deviations) that do not correspond to the
normal distribution. In practice those deviations may
be observed in low- and medium voltage networks,
where they cause distortion of load distribution.
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Fig. 7. Load real value (1), mathematical expectation (2),
long-term expected value (3), temperature value (4), and
normal temperature (5), daily values

The structure of the mathematical model is the
same for all loads. In order to use the load model to
describe the specific load the model parameters must
be estimated. In the estimation process all regular
data and other available quantitative and qualitative
information about the load is used. If the existing
data is not enough to evaluate all parameters of the
model, then type-models (i.e., a typical set of model
parameters) may be used. In such cases, the suitable
amount of load parameters are determined by load
statistical data, and the rest of the parameters will
comply with the type-model. The result of es-
timation will be a complete model for all loads inde-
pendently from the amount of used data.
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Fig. 8. Real value of the load (1), long-term expected
value (2) and short-term expected value (3), hourly values

Mathematical model describes the load, but it
does not directly determine the values needed in
practice (load characteristics). But it is possible to
find these load characteristics on the base of the load
model. Load characteristics may be divided into
initial and derived characteristics. Initial char-
acteristics will be obtained from the mathematical
model directly (load real values, mathematical ex-
pectation, standard deviation, temperature depend-
ency etc.). Derived characteristics are achieved with
combinations of primary characteristics by simple
arithmetic relations (short- and long-term expected
values, simulated load etc.).

During the research and planning of electrical
power system security and reliability the load
changes in time must be considered. Those changes
are principally expressed by the mathematical
expectation of the load. The mathematical
expectation can be found based on load model for
any time interval in the future or in the past. It must
be emphasised that the mathematical expectation is
calculated based on the parameters of the load
model without using the currently available load
data.

The temperature dependency has an important
role in evaluation of possible load deviations. From
the aspect of power system security and reliability
the load increase during extreme temperatures is
especially interesting. For example, in Finland,
Lapland, where the electrical heating has a
substantial role, the load increase caused by low
temperature may reach up to 100% and more
compared to the load in normal temperature. In case
of load analysis and short-term forecasting the
temperature dependency is calculated on the base of
real temperature data. For the purpose of long-term
forecast and analysis when required it is possible to
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simulate the temperature. For example, it is possible
to add deviation to the normal temperature or use
some earlier year data that correspond to the
exceptional weather conditions (cold winter etc.).

The influence of load standard deviation and thus
also load stochastic deviation to the electrical
transmission network busloads and regional loads is
relatively small. The stochasticity is more of a
problem of smaller loads, a problem of distribution
networks. However, the stochastic component of the
model enables to find the expected deviation of load
and accordingly the short-term forecast of the load.

The parameters of the mathematical model are
estimated during the load research using the
available load data and other information. It is
possible to estimate the model parameters for
different load cases, which are caused, for example,
by switchings in lower lever network or by
connecting or disconnecting large consumers to or
from electrical network in time and space domain.
While in reality, where different loads may change
simultaneously, it is possible to talk about load
scenarios. Different load scenarios and also the
simulated load originated from  different
temperatures could be one of the sources for
conducting the electrical system contingency
analysis. An example of load different load cases is
presented in Fig. 9. It is possible to observe that the
load values in the substation may be on two different
level. That characteristic should be considered when
calculating and analysing the network operation.
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4 Distribution Network State

Estimation
The target of state estimation is to refine measured
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data, but it is especially important to clarify signifi-
cant measuring errors or mistakes. As the redun-
dancy of data required for the estimation is usually
not available in distribution networks, traditional es-
timation methods used in the main grid are not
directly applicable in distribution networks. For
getting required additional data, load models are
used. The estimation procedure on the base of load
models is observed at [14], [15].

The calculating of feeder state parameters is
based on network equations through main operating
parameters — supply voltage and node loads

V,Uo.p1.Pp0 s Py) (11)

Symbol p; corresponds here to both active and reac-
tive power. So the general number of loads » is
equal to double number of nodes and so there are
n + 1 main operating parameters Uy, p1, p2..-Pn.

Supposing that for considered moment there are
m measurements (P, O, U or ), it is possible to ob-
tain the refined operating parameters (refined meas-
urements) ¥, from the criterion

2[171 _Vj]2 =min, j=1.m
J

Because of the needed data redundancy does not
exist in distribution networks an additional condition
is applied. It is needed that the increments of state
parameters to be as small as possible

D A’p,=min, i=1.n

(12)

(13)

Let us see the network equations being linearized
over main operating parameters, when marking
po=Uo

AV; = By, Apg + BijApy + By AP, + ..+ B AD,

(14)
where
o,
= , 1=0..n (15)
op;
In the form of matrix
A =BA (16)
where
A =[AVy, AV, ...V, ] (17)
is the vector of increments of measuring data
A= [ApO ,Ap, ...Apn] (18)

is the vector of increments of main state parameters

ﬂlo 1811 lBln
B= ﬂZO ﬁZl ﬂZn (19)
ﬂmO ﬂml ﬁmn

is the sensitivity matrix (Jacobian).
Here the increments Ap, are found on the base
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of the values calculated by a load model. It is possi-
ble to compose the mathematical model also for the
supply voltage U,. For simplicity it is the trivial
model, where mathematical expectation and stan-
dard deviation of voltage are constant and deviation
is described by means of Box-Jenkins model.

For finding elements of the sensitivity matrix B
it is necessary, at first, to assign the increments of
the model parameters Ap,...Ap, . Then to find the
corresponding load values and at last to calculate the
increments AV, of considered state parameters on
the base of non-linearized network equations. As a
result

AI/j . .
=, i=0.nj=1.m
Ap;

Let us see the extended vector of increments of
measuring data

Ay = [AV,, AV, ...AT,,0,0..0]
in which the » last components are zeros.

Next, matrix By, with » + 1 columns and where
on the first m rows there are elements of sensitivity
matrix B and on the next » there is a zero vector and
a unit matrix, is composed.

(20)

(21)

ﬁlo ﬁll ﬁln

ﬂZO 1821 IHZn

_ ﬁmO ﬁml ﬂmn
Bo=lo 1 0 @2)

0 o .. O

0 o .. 1

As mentioned above, conditions are simultane-
ously satisfied, if

A, —B,AJ (A, —B,A)=min (23)
(Ao -Boa) (3 -Boa)=mi

From here a system of linear equations over the
increment vector A follows

B,B,A=B[A, (24)

The increment vector A allows to refine all state
parameters — it is possible to calculate both the
specified measured parameters (estimates) and
whatever other operating parameters.

The results of state estimation are authentic, if
there are no bad data and exclusive states are not ob-
served. If bad data are obtained, they have to be re-
moved and the estimation procedure must be re-
peated. In case of existence of an exclusive state that
do not correspond to the load model, estimation is
not possible. Measurements of this moment are not
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used. But that does not obstruct the process of esti-
mation in the next moments.

5 Editing of the load models
For considering the possible changes of the load
character it is necessary to edit (specify) the model
parameters. In this connection the model
components are fixed.

Let us see the node loads p; with parameters of
the model a;;, a;»...a;, at the moment ¢,

pilty, ais, aiz ... ai), i=1..n (25)
where 7 is the number of parameters that have to be
estimated.

Next the network equations are presented

Vi=V(Uy, p1, p2, - Pn) (26)
describing the state parameters via the parameters of
the load model

ij = ij(al, a, ... a/), j= 1l.m (27)
where / = nr is the overall number of the parameters
of all load models. The function F; corresponds to
the moment #, on which the load values and supply
voltage depend.

The parameters of the load model are calculated
from criterion

;;[ﬁ,k —ij]z = min

where I7jk is the measuring data at the moment k.

(28)

Network equations, linearized over the model
parameters, are

AV, = Aa +a,Aay +...+ ayAa; (29)
where
W 1.1 (30)
L = —, s=1...
sjk aas
In the form of matrix
A, =AA (31)
where
A, =[AV, AV, .. AV, ] (32)
is the increment vector of measured parameters
A=[Aq,, Aa, ... Aa,] (33)
is the increment vector of model parameters
295 Qi
A, = (34)
X1k Kol
is the sensitivity matrix (Jacobean)
If the vector of metering deviations is
A=A, A7, ..AT,] (35)

then the increments for model
calculated from the criterion

parameters are
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S (A -AA) (&, - A,A)=min (36)

k
that gives the system of linear equations over the
vector A

Z(AzAk )A - ZAZAk

k k

The base for linearizing the network equations is
the load values, calculated by load models (short-
term forecasts). Relative to the same values
metering deviations are found. Linearization is
acceptable, if the metering deviations are not too
large. Otherwise it is necessary to use the iterative
process, according to which the increments are
added to the model parameters and new state
parameters and metering deviations are calculated.
In this connection repeated linearization (calculation
of the new sensitivity matrix) is not needed and it is
possible to continue with the old matrix. The
elements of sensitivity matrix are calculated as
follows

37)

AV,

as/k

,s=1.0j=1.m. (38)

Aa

The number of measuring data must be larger
than the number of parameters being estimated. For
example, if the number of the loads is 10 (5
distribution  substations), parameters 10 and
measurements 10, then the number of the required
values is / = 100 and so more than 10 metering
hours are needed. Therefore the daily metering is
enough to get the results. But the authenticity of
results is a separate question. It is clear that the
model, estimated on the base of the data of one or
some days, is not usable for a longer period. For
example, the data of winter loads is not
representative for summer loads. Generally it is an
adaptation problem, which can be resolved taking
into account the essential meaning of the model
parameters.

The degree of the equation system, obliged to be
resolved, is high (for the above-mentioned example
it is 100). It means that the volume of calculations is
too large and it may mean that the equation system
is ill-conditioned. The way out is to use the results
of state estimation, by means of which the node
loads are always found independently from the
structure  of  measured  state  parameters.
Consequently, it is possible to receive all load
values, state parameters and edit the parameters of
all load models. If m =1 and / = » we can get

A, =y oy (39)
A=[Aa,, Aq, ... Aa,] (40)
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Kk = [Af;k]:ﬁk

z (AzAk )A = ZﬁkA;f
k

k

(41)
(42)

where p, is the estimated value of the observed

load at the moment k. The degree of the equation
system is now r or for the above-mentioned example
it is now 10, and problems about calculation
volumes are removed.

6 An Application of Distribution

Network Monitoring

Described distribution network monitoring method-
ology was applied and tested based on real 35 kV
radial distribution network. The purpose of the re-
search was to assess the measurements and compose
adequate load and network models for further re-
search.

The network consisted of three HV/MV supply
substations, six MV/LV substations connected by
ten OHL (Fig. 10). The system was monitored by
SCADA. The measurements received through
SCADA were currents, active and reactive power in
transmission lines, voltages in substations and trans-
former currents at low-voltage winding.

Before applying the above mentioned estimation
methodology it is practically rational to perform pre-
liminary estimation to determine large errors and ex-
clude very bad data. Preliminary estimation is per-

formed based on Kirchhoff’s current law.
HV/MV substation MV/MV substation

@ PR

oF QER8R9

35 kV distrib
I 1

e

MV/MV substation \ f

HV/MV substation

tion network

® Disconnection point
Fig. 10. Diagram of observed distribution network

The results of the preliminary estimation are pre-
sented in Fig. 11. The solid line shows that the
measurements received were correct and they can be
used for further research and calculations of the
network, dashed line shows that the measurements
were slightly out of predetermined correct threshold
values and dotted line shows that the measurements
are completely wrong and they must not be used.

Utilizing the composed substation busload mod-
els, voltage values and other parameters it is possi-
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ble to calculate the distribution network operation.
Based on the above-mentioned monitoring method-
ology it is possible to identify if the network state is
compatible with the load and network models. In
Fig. 12 the results of modelling the transmission line
current compared to real measurements are pre-
sented. It is possible to observe that the obtained re-
sults of modelling the network state variables are
sufficiently acceptable and comparable to the meas-
ured values of the network state variables and there-
fore, it may be concluded that based on the de-
scribed methodology it is possible to model the net-
work operation and use different initial conditions to
investigate the network behaviour on different con-
ditions.

3,0

2,5 0

\ =,

=™

Load, MW

093 100 107 114 121 128 135 142 149 156 163
Days of year
Fig. 11. Measurement values according to threshold
values (solid line — reliable values, dashed line — doubtful
values, dotted line — unreliable values), daily values

Load, A

0 8 16 24 8 16
Hours of day
Fig. 12. Measured (dotted line) and calculated (solid line)

values on transmission line current, hourly values

In Fig. 13 an example of long-term and short-
term forecasts of load are presented. Here, the long-
term forecast is achieved by adding temperature
dependency to mathematical expectation. The short-
term forecast is acquired by adding the loads
expected deviation to the long-term forecast.

24 8 16 24

ISSN: 1790-5060

733

Jako Kilter, Mati Meldorf

100

3 ) /AHJ
A5 \
Vﬁf MM -

80

60

Load, A

40

20

0

0 8 16 24 8 16 16 24

Hours of day

Fig. 13. Actual load (1), long-term forecast (2), and short-
term forecast (3), hourly values

7 Conclusion

The distribution network monitoring methodology
described in this paper is based on the physically
well-grounded mathematical model that considers
time-dependencies, stochasticity, temperature de-
pendency and also voltage and frequency dependen-
cies of load. Based on the mathematical model of
the load it is possible to calculate, forecast and ana-
lyse the network operation for shorter and longer
time periods and use the obtained results for net-
work planning and dispatching.

The effectiveness of modelling and estimation of
the distribution network operation depends on the
accuracy of the load model. In the observable part of
the distribution network the described methodology
enables to determine if the network operation is
compatible with the load and network models,
regular operation or not. Although, due to the defi-
ciency of available initial data the adjustment of the
measurements is not feasible, it is possible to clarify
the faulty measurements. There are no computa-
tional limitations to employ the methodology be-
cause laborious computations are absent. Further-
more, it is important that during the analysis both
state estimation and editing of load model are per-
formed. As a result, the load models should always
correspond to the real situation.

The modelling offers similar possibilities of han-
dling the operation variables, as in the case of the
loads. The operation forecasting, analyzing, and
simulation are possible for different given condi-
tions. The results are obtained for any given time
interval, not just single states like in traditional cal-
culations.
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