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Abstract: This paper presents a unique modelling approach to perform load forecasting, 
which ultimately aids energy management. An algorithm was implemented using fuzzy 
logic systems and parameterised using a genetic algorithm. Following algorithm 
characterisation, comparative tests were performed on two high voltage systems within 
South Africa. Forecasting on the 11 kV system yielded an average peak error of 2.01 % 
and an average total energy error of 0.33 % over a week. Forecasts on the 88 kV system, 
tested using data from each of the four seasons, yielded an average peak energy error of 
2.45 % and an average total energy error of 0.30 %. It is observed that the algorithm is 
susceptible to fluctuations in the load, thus future work was proposed to minimise the 
effect. 
 

 
1 INTRODUCTION 

Currently there is a significantly reduced margin of 
reserve power in the South African power 
distribution system [1]. This issue can be 
addressed by enhancing the existing architecture 
or by raising user awareness in order to reduce the 
power usage. This is referred to as energy 
management. 

Energy management is an important factor in the 
world today since it focuses on increasing 
efficiency of most energy consuming equipment 
and processes [2]. Thus energy management can 
be used to monitor and control the efficiency of the 
usage and distribution of power. 

This process can be aided by implementing an 
algorithm that can perform load forecasting using 
measured power usage data, capable of 
accurately determining the peak daily usage and 
the total energy required during one day. Load 
forecasting is the prediction of power usage for a 
specific time and power system. Several modelling 
approaches have been implemented in the past 
using techniques such as statistical models [3, 4] 
and computational intelligence models [5, 6, 7]. 
Each modelling approach performs the desired 
function, but varies in accuracy. 

This paper presents a unique modelling approach, 
combining fuzzy logic systems and genetic 
algorithms to perform load forecasting for energy 
management. Preliminary tests are performed to 
determine the system requirements and 
performance. Comparative tests are then 
performed on two high voltage systems (at 11 kV 
and at 88 kV) within South Africa. Future work is 
proposed to enhance the algorithm. 

2 DEVELOPMENT OF THE ALGORITHM 

The model developed uses two different fuzzy logic 
systems to represent weekdays (Monday to Friday) 
and weekend days (Saturday and Sunday). This is 
due to the observed differences in the load 
profiles, discussed in Section 3.2. Public holidays 
have not been modelled as yet so they have been 
excluded from the test data. 

Two errors were defined to evaluate the 
performance of the algorithm. They were: 

1. the difference in the forecast peak load and 
the measured peak load (ܲ݇ܧ) in (1) and 

2. the difference in the total energy required in 
a 24 hour period between the forecast load 
and the measured load (ܧ݊ܧ) in (2). 

ܧ݇ܲ = 	 ห௠௔௫൫௉೑೚ೝ೐೎ೌೞ೟൯ି௠௔௫ሺ௉೘೐ೌೞೠೝ೐ሻห௠௔௫ሺ௉೘೐ೌೞೠೝ೐ሻ × 100         (1) 

ܧ݊ܧ = 	 ଵே∑ ൬ห௉೑೚ೝ೐೎ೌೞ೟ሺ௜ሻି	௉೘೐ೌೞೠೝ೐ሺ௜ሻห௉೘೐ೌೞೠೝ೐ሺ௜ሻ ൰	ே௜ୀଵ × 100  (2) 

where: ௙ܲ௢௥௘௖௔௦௧ = forecast power usage, 
 ௠ܲ௘௔௦௨௥௘ = measured power usage, 
 ܰ  = maximum terms in the forecast. 

The algorithm used historic power usage data, and 
the time of day for reference, to forecast the load 
profile for the following week. The historic data was 
measured half hourly, therefore the algorithm was 
configured to accommodate this. Historic input 
power usage data was normalised on 0 - 12 kWh 
to allow for the algorithm to forecast loads of all 
magnitudes. 

A genetic algorithm was implemented to accurately 
parameterise the fuzzy logic system parameters to 
minimise the two defined errors. An overview of 
this system is depicted in Figure 1. 
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