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Il. BACKGROUND

HERE are two basic styles in low voltage distribution —

the American system and the Continental system. Apart

from the differences in voltage levels and in operating
frequencies there are also important differences in application.
The American system usually employs numerous MV:LV
transformers with short “lateral” LV feeders. In the
Continental system there are fewer transformers and longer
LV feeders. This is the practice in mostly used in Africa. The
reason for this is chiefly historical, since the continent was
colonized chiefly by European powers and were present at the
advent of electricity.

Being supplied with electrical power is regarded as a
symbol of progress in most developing countries. In recent
years a drive has been launched in South Africa to connect
millions of new and existing homes. This development
emphasized the need to revisit residential load models and
their application in the planning and design of LV distribution
networks.

Traditional design procedures are deterministic and use
average values for the uncertain loads. This average
representative load value is often referred to as the diversity
maximum demand (ADMD) and is based on the mean demand
at system peak for a large number (typically about 1000) of
customers belonging to a particular customer class. When
considering the collective loading of a smaller group of
customers, the loss of diversity is usually accounted for by
applying a correction factor (diversity factor or the inverse,
coincidence factor). Concern at the discrepancy of design
calculations led to a comparative study of various
deterministic design procedures in South Africa, revealing a
large variation in results. The probabilistic design procedure
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described in the published paper was then developed.

I1l. LOAD DATA COLLECTION AND MODELING

The most important requisite in the design of LV
distribution networks is an accurate estimate of the design
loads. Residential loads are subject to considerable statistical
variation and therefore both their electrical and statistical
characteristics must be modeled. This problem was addressed
by an extensive load research program in South Africa,
commencing in 1988 and continued for 8 years [1].

A. The electrical parameters of a load

In an electrical sense, loads may be represented as
resistance, current or power. The form in which the load is
modelled has implications for both the gathering of data and
the analysis of the network.

The representation of loads as current sinks provides an
acceptable and convenient model for the following reasons:

e It is the best representation of the mixed loads typical

for appliances of residential customers.

e The magnitude of the current-modelled load is
independent of the voltage drop along a feeder or the
distance from the source.

e The measurement of loads as currents can be carried
out accurately and inexpensively.

e The representation of loads as power requires an
iterative volt-drop calculation method.

e The current model is consistent with the observed
behaviour of real loads. The load reduces with reduced
voltage, but to a lesser extent than would be expected
of a pure resistance load.

e In traditional methods of volt-drop calculations in LV
feeders, loads specified as powers are usually
converted to equivalent load current at rated voltage.

The averaging or integrating period used to measure loads
will affect slightly the validity of the current representation of
loads.

B. Typical Load Current Histogram

By collecting a statistically sufficient number of load
current samples it is possible to identify the common interval
in which the maximum demand for the group occurs. It is also
possible then to determine the distribution of currents at that
interval. A typical histogram of load currents at the time of
maximum demand is shown in Fig. 1. Extensive work was
done to identify the most appropriate probability density



function (pdf) to represent the load current data [2]. For a
variety of reasons the Beta pdf was found to be the most
suitable.
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Fig. 1 The Beta probability density function fitted to load current data

I\VV. DEVELOPMENT OF A PROBABILISTIC VOLTAGE DROP
CALCULATION METHOD

When designing the LV networks in the European style of
distribution (or when the laterals have appreciable length with
several connected consumers) it is found that voltage drop is
the major constraint in sizing conductors. A probabilistic
method was developed to calculate voltage drops in LV
feeders using load currents that are distributed according to a
given Beta probability density function with parameters o, f
and scaling value C. Theoretical development of the various
Beta parameter algorithms for three-phase and dual-phase
networks are described in several published articles [3]-[4].
Essentially, the analysis derives the Beta parameters of the
resultant voltage drop using two statistical moments that are
expressed in terms of the network configuration and the load

V. TYPICAL SPREADSHEET INPUTS AND OUTPUTS

While the analytical process appears to be complex the
resultant equations are all linear and may easily be
incorporated into a computer program, such as a typical
spreadsheet. The inputs required are:

e a, B and C parameters of the loads at each node

e number of consumers on each phase at each node

e length and conductor size for each section

e  operating temperature for the correction of the

conductor resistance

o  specified level of confidence (conversely, level of

risk)

Probabilistic calculations of voltage drops may thus be
performed by most designers. An extensive knowledge of
probability theory is not essential.  Fixed rather than
probabilistically distributed loads (such as pumps for
example) may be represented in the calculation procedure by
using the equivalent Beta parameters as reported in [5].

VI. GENERAL LOAD PARAMETER FORECASTING

Residential load research may not be a priority in many
countries. The work presented in this section is intended to
facilitate the use of the Beta pdf in the absence of detailed
load data.

The design of LV distribution systems in most countries is
based on an estimated average diversified demand (ADMD).
Based on the large amount of load data collected in South
Africa we have examined, for various residential customer
classes, the relationship between d and the coefficient of
variation, y, where d is demand in kVA.

Our research has shown that for all the customer residential
classes in South Africa the y vs. d curve may be approximated
by

y=1.1427d7%42 (1)

Fig. 2 shows the correlation between the curve (1) and
values predicted by a forecasting tool that uses collected load
data. An R? correlation coefficient of 96.07% is indicated.
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Fig. 2 Coefficient of Variation vs. ADMD [kVA]

In the absence of extensive load data this approximation
should yield acceptable results in most developing countries.
Once the value of y has been determined the a- and -
parameters of the load current may be calculated and thence
the calculation of the probabilistic voltage drops.

VII. CONCLUSIONS

The South African Electricity Distribution Industry has had
more than 10 years experience with the algorithm and has
accepted it as the prescribed design procedure [6]. The
validation procedure involved Monte Carlo simulation using
actual measured sample load currents (sample size greater
than 70).
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