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Abstract

This paper presents an analysis to forecast the loads of an isolated area where the history of load is not
available or the history may not represent the realistic demand of electricity. The analysis is done through
linear regression and based on the identification of factors on which electrical load growth depends. To de-
termine the identification factors, areas are selected whose histories of load growth rate known and the load
growth deciding factors are similar to those of the isolated area. The proposed analysis is applied to an iso-
lated area of Bangladesh, called Swandip where a past history of electrical load demand is not available and
also there is no possibility of connecting the area with the main land grid system.
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1. Introduction

In generation expansion planning as well as in distribu-
tion planning, load forecasting is an essential step. The
importance of accurate forecast in planning is that it en-
sures the availability of supply of electricity as well as
providing the means of avoiding over and under utilize-
tion of generating capacity and making the best possible
use of capacity. Obviously, errors in forecasting can lead
to bad planning which will be costly. Too high forecast
lead to more plants than are required which will be an
unnecessary capital expenditure. Too low forecast pre-
vents optimum economic growth and lead to the installa-
tion of many costly and expensive-to-run generators.
These costs will finally be borne by the consumers.
Different techniques have been implemented by re-
searchers to solve the load forecasting task. However,
two techniques are widely used, namely; regression and
time series. The regression technique as proposed in [1,2]
is based on is based on finding the functional relationship
between weather components and the load demand.
Therefore, the load is affected by the weather compo-
nents that were used in the regression. The time series
technique [3] is also a type of regression which takes a
load pattern as a signal in a time series and forecasts the
future load. In other words, the future load is only a
function of the previous loads. Therefore, it is essential
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to know the historic data of the area that will be fore-
casted. In [4], a load forecasting method used fuzzy lo-
gics is proposed where different factors of a day such as
day’s minimum temperature, day’s maximum tempera-
ture, season, day capacity, rain, daylight intensity (cloudy)
are considered as input. But practically, the amount of
electricity consumed by a community depends on several
factors such population, adult literacy, per capita income,
and so on.

Linear regression technique is widely used in the area
of load forecasting from the very early stage of power
system planning and expansion. A regression analysis
has been used in [5], to show the relationship between
summer weather and summer loads.

In many countries, especially in developing ones, the
major portion of the population live in remote and iso-
lated areas. In term of electrical energy use, isolated ar-
eas are those areas which cannot be connected with the
main electrical grid system due to economical or techni-
cal reasons. The economical and technical incapability of
connecting isolated areas with the main grid may evolve
from the distance between the grid and the isolated area
or inconvenient connecting zones. The load forecasting
of an isolated area is nicely described in [1-3]. But the
main limitation of these works is that the load histories
are assumed as known which is not practical. Recently,
optimal scheduling of a renewable micro-grid in an iso-
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lated load area using mixed-integer linear programming
is proposed in [6], where different aspect of generation
scheduling are considered to meet the demand of the
community.

The aim of this paper is to forecast the load of an iso-
lated area where there is no indication about the past
history of loads. The analysis is done based on the linear
regression method and other identification factors on
which load growth depends. Identifications factors are
calculated from the factors of an area whose load history
is known as well as the selected area has the similar
characteristic to that of an isolated area. This concept is
also practically implemented on an isolated area of
Bangladesh, called, Swandip whose load growth is simi-
lar to that of another area near author’s own village.

The organization of the paper is as follows. Section 2
represents the methodology with all identification factors
that are considered for load forecasting. Practical imple-
mentations of the theory and results are shown in Section
3. Finally, the paper is concluded with the new findings
and further recommendation in Section 4.

2. Isolated Area Load Forecasting: Linear
Regression Analysis

In this section, a linear regression analysis is adopted to
develop a method of load forecasting. The method (LRA)
starts with the identification of factors on which load
growth depends. These factors may be different for dif-
ferent types of loads. Usually for an isolated area electric
loads are domestic, commercial, industrial and irrigation.

2.1. Domestic Loads

The domestic load may be a function of population and
standard of living of people. The variation of standard of
living is caused by per capita income and adult literacy
rate. All these factors are time varying quantities. The
domestic load, Lp may then be expressed as,

Lo (1) = fu(P(1), La (1), (1)) (1)
where, P(t) = Population at time t, Lg(t) = Adult literacy
rate at time t, P,(t) = Per capita income at time t.

2.2. Industrial Loads

Industrial load may depend on the per capita income,
inland communication in per unit area of total area, dis-
tance from the local town, literacy rate and agricultural
land in per unit area of total area. This industrial load L,
can be calculated as,

LO=L(RORM.D0.AWL) @
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where, R (t) = Inland communication length in per unit
area at time t, D(t) = Distance from local town, A.(t) =
Agricultural land in percent of total area at time t.

In some isolated areas, instead of inland communica-
tion, communication across the sea may be the major
type of communication. In that case the communication
must be included the sea route length also.

2.3. Commercial Loads

The commercial load mainly depends on per capita in-
come, inland communication in per unit area and dis-
tance from local town. The commercial load, Lc may
then be expressed as,

Lc(t): f3(P, (t)'RL (t)’DT (t)) ®)
2.4. Irrigation Loads

The load for irrigation mainly depends on agricultural
land in per unit area of total area and per capita income.
This industrial load L,z can be calculated as,

Lir (t): f4(AL(t)1P| (t)) (4)

The total electrical load demand, L(t) in an isolated
area is the sum of the above four loads. That is,

L(t):LD(t)+LI (t)+Lc(t)+L|R(t) 5)

Therefore, the load of an isolated area can be ex-

pressed as (6)551R ! KENFE. |
L(1)= (P, Lo ()P (R (1) A (1).D; (1)) ©)

Although Equation (6) expresses that the load is a
function of six time dependent variables. However, all
variables will not contribute equally to the generation of
load. Let Xy, X5, X3, X4, X5, and Xg represent the weight-
ing factors by which each time varying factor P(t), Lr(t),
Pi(t), RL(t), AL(t), and D+(t) respectively contributes to-
wards the load growth. The weighting factors, [X] are
also random in nature. They may vary with different ar-
eas. Now the load can be expressed as,

U]

From Equation (7), the weighted factors [X] can be
calculated as,
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To calculate, the value of these weighted factor, the
past history of the considered area need to be known.
One more option is that one can consider an area whose
behaviour is similar to that of the isolated area. This is
what, is the main contribution of this work. This will be
clarified through the practical implementation of the pro-
posed method.

3. Practical Implementation and Results

For the purpose of load forecasting, the data is collected
from the isolated area, Swandip and from a known area
whose characteristics is similar to that of Swandip. In the
district of Naogaon, Dhamuirhat Police Station, which is
located on the bank of a river called, Jamuna Branch
whose characteristics is very close to that of Swandip
where most of the people lead their life by catching fish.
The data are collected from the Naogaon Palli Bidhyut
Samity which is an independent co-operative society of
Rural Electrification Board (REB), Bangladesh and from
the office of the Dhamuirhat Police Station under which
the village is located. All other data are directly collected
from the Swandip.

The data collected from the above mentioned sources
can best be shown by Table 1.

Here, POP = Population (1000), Lg = Adult Literacy
Rate (%), P, = Per Capita Income (%), A_ = Agricultural
Land (% of Total area), R. = Road Length or Inland
communication length in per unit area (km/km?), Dy =
Distance from Local Town (km), MD = Maximum De-

Table 1. Collected data.

Factors Known Area Unknown Area
POP(1000) 184 400
Lr (%) 64.5 58
P, (TK) 3700 4000
AL (%) 87 60
R, (km/km?) 15 10
Dy (km) 48 57
MD (MW) 150 *
AD (MW) 127 *

mand, September, AD = Average Demand, September, *
to be calculated.

Now, the weighted factors need to be calculated for
maximum demand as well as for average demand. The
calculated weighted factors on different months of 2008
for average demand are shown in Table 2.

Again, the calculated weighted factors on different
months of 2008 for maximum demand are shown in Ta-
ble 3.

Tables 2 and 3 show that the weighting factors evalu-
ated for different load deciding variables are not the same.

Table 2. Weighting factors X of load growth deciding vari-
ables for average demand.

Mozrggg of X, Xs  Xe  Xe Xe
Jan 0.600 196899 0034 14598 B8.467 2.646
Feb 0679 193798 0033 14368 8333 2604
Mar 0679 193798 0033 14368 8333 2604
Apr 0684 195349 0034 14483 8400 2625
May 0679 193798 0033 143.68 8333 2.604
June 0674 192248 0034 14253 B8.267 2583
July 0668 190697 0033 14138 8200 2.563
Aug 0668 190697 0033 141.38 8200 2563
Sep 0663 189147 0033 14023 8133 2.541
Oct 0668 190697 0033 14138 8200 2.563
Nov 0663 189.147 0033 14023 8133 2541
Dec 0666 190.047 0033 14090 8172 2.554

Table 3. Weighting factors X of load growth deciding vari-
ables for maximum demand.

M%’gg; of X, Xs X Xs X
Jan 0820 23256 0040 17240 100 3.3
Feb 0.800 22046 0040 17011 9.87 3.08
Mar 0800 22946 0040 17011 9.87 3.08
Apr 0.810 23100 0040 17126 9.93 3.10
May 0790 227.90 0040 16896 9.80 3.06
June 0790 22636 0039 167.81 9.73 3.04
July 0.788 22480 0039 166.67 9.67 3.02
Aug 0.788 22480 0039 166.67 9.67 3.02
Sep 0.780 22326 0038 16551 9.60 3.0
Oct 0.788 22480 0039 166.67 9.67 3.02
Nov 0.780 22326 0038 16551 9.60 3.00
Dec 0770 22170 0038 16437 953 2.98
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This clearly indicates that the load growths do not de-
pend equally on all factors. This is, because some fac-
tors are very sensitive to the development of maximum
demand or average demand while the others are not.

Again, by using the values of weighting factors, the
value of maximum demand and average demand can be
calculated. For this, the value of average demand and
maximum demand for different months of a year is Fig-
ures 1 and 2, respectively.
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Figure 1. Forecasted average demand (MW) of an isolated
area, Swandip.
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Figure 2. Forecasted maximum demand (MW) of an iso-
lated area, Swandip.
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Figures 1 and 2 show the different amount of fore-
casted demand of the considered area for different month
of the year, 2008.

4. Conclusions

This work mainly focuses the load forecasting only for
an isolated area Swandip in Bangladesh which helps an
electric utility to make important decisions including
decisions on purchasing and generating electric power,
load switching, and infrastructure development. But this
mathematical model is valid for all area to forecast elec-
trical load. The further work will include the application
of the proposed method to any area.
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