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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

 In this paper, a novel neural network intelligent controller is proposed for the vector controlled induction motor. Fuzzy 
logic controller is interfaced with the three phase induction motor initially. Effectiveness of this fuzzy logic controller with the 
three phase induction motor is analysed under disturbance environment. It is identified that fuzzy logic controller is not up to the 
mark in terms of speed tracking. Therefore, neural network based intelligent controller is interfaced with the three phase 
induction motor. Performance of this proposed neural network controller is analysed in the disturbance environment. At the end, 
comparison chart is made to know the effectiveness of the proposed neural network controller with the fuzzy logic controller. 
This comparison chart is delineated for the various control system parameter aspects. It is recognised that the proposed neural 
network controller works well in the presence of the disturbances. Moreover, this neural network controller operates adroitly for 
all the necessary working conditions.   
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1. Introduction 

Most of the industry uses three phase induction motor for the various processes, since it can be operated in the 
variable speeds. Moreover, performance of the three-phase induction motor under various speeds is an issue when an 
improper controller is connected. Especially in the disturbance environment, conventional controller is not suitable 
for controlling the three-phase induction motor. Therefore, this study aims to propose a robust controller for the 
three-phase induction motor. In order to identify the robust controller for the three-phase induction motor initially 
three phase induction motor is controlled by fuzzy logic controller under disturbance environment such as voltage  
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sag and voltage swell. Performance of the fuzzy logic controller is estimated in terms of settling time, steady state 
error. Then three phase induction motor is controlled by neural network controller under disturbance environment 
such as voltage sag and voltage swell. Performance of the neural network controller is estimated in terms of settling 
time, steady state error. Moreover, the speed control action delivered by fuzzy and neural network controller is 
compared in terms of control system parameters. 

Nomenclature 

Phis_d  stator flux in d-axis    Phis_q  stator flux in q-axis 
Vr_d Rotor voltage in d-axis    Vr_q      Rotor voltage in q-axis 

2. Methodology 

2.1 Fuzzy logic controller for the three phase induction motor 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig (a) Block diagram of fuzzy logic controller for the three-phase induction motor 
 
 
 
 
 
 
 
 
 

 
Fig (b) Sub system of the fuzzy logic controller 
 

Fuzzy logic controller for the three-phase induction motor is shown in fig (a). Along with, sub system of the 
fuzzy logic controller is shown in fig (b). In this fuzzy logic controller, number of member function is selected based 
on the requirement of the desired speed. For this fuzzy logic controller, actual speed and reference speed are given 
as inputs via multiplexer. The actual speed and reference speed is compared here. Besides electric torque is formed, 
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Fig (a) Block diagram of fuzzy logic controller for the three-phase induction motor 
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