
ScienceDirect

Available online at www.sciencedirect.comAvailable online at www.sciencedirect.com

ScienceDirect
Energy Procedia 00 (2017) 000–000

www.elsevier.com/locate/procedia

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and Cooling.

The 15th International Symposium on District Heating and Cooling

Assessing the feasibility of using the heat demand-outdoor 
temperature function for a long-term district heat demand forecast

I. Andrića,b,c*, A. Pinaa, P. Ferrãoa, J. Fournierb., B. Lacarrièrec, O. Le Correc

aIN+ Center for Innovation, Technology and Policy Research - Instituto Superior Técnico, Av. Rovisco Pais 1, 1049-001 Lisbon, Portugal
bVeolia Recherche & Innovation, 291 Avenue Dreyfous Daniel, 78520 Limay, France

cDépartement Systèmes Énergétiques et Environnement - IMT Atlantique, 4 rue Alfred Kastler, 44300 Nantes, France

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 

Integration of converters reduces the number of control switches and increases the power handling capacity. 
Charge current control have the features like fast dynamic response, design of compensator is easy and low 
switching noise, so this controller is applicable for power factor correction application. In this paper analysis, design 
and implementation of charge current controlled integrated buck flayback converter is proposed. A universal range 
of ac input (90-230V), 48V dc output, 100W load, 100 KHz switching frequency integrated converter is 
implemented using MATLAB/ Simulink software. Experimental results conform and validate the analysis.  
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1. Introduction 

Growing use of AC/DC power converters in industrial, transport, utility systems and home appliances introduces 
harmonic currents on low voltage AC public mains networks [1]. To minimize these harmonics and to meet IEC 
6100-3-2 and other international regulations, the traditional method of using passive components network is not 
suitable for medium and high power levels due to increase in component size and lower efficiency [2]. Another 
method proposed in the past literature was active power factor correction technique [3]. The active power factor 
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correction done with the help of simple single converter module is referred as single stage active power factor 
correction, but high current stress in switch and EMI problems makes it unattractive[4]. The next approach is two 
stage approaches, in which two separate converters are connected in cascade and out of two converters, one 
converter acts like a power factor correction converter and another acts as a voltage regulator. These two converters 
are controlled independently with two different controllers to realize the goal. Therefore it is expensive and more 
suitable for high power applications.  This paper proposes an integration of converters approach which has the 
features of both single converter approach and two stage approaches.  

Buck converter is integrated with flyback converter and named as integrated buck-flyback converter which is 
considered as the ISMPC in this paper[5-15]. The proposed converter operates as a flyback converter when input 
voltage is greater than buck capacitor voltage and as a buck converter when input voltage is less than buck capacitor 
voltage. It requires no dead zone, there by PF is improved and meets the IEC-61000-3-2 class C limits.

 Charge control is a new and modern technique for PFC converters. In literature this controller was used in multi 
resonant and quasi resonant dc-dc converters [16, 17]. The origin of this controller is from the peak current 
controller, but having of features like using of external ramp is not required and better noise immunity.  

2. Integrated Switched mode power Converter 

In this buck converter is power factor correction converter and flyback converter as a power control converter. 
Buck Converter consists of Lb,Dc,Da,SW1,Cb,Vp and Flyback Converter consists of Cb,SW1,1:m,Db,Da,Dd,Co. Here 
SW1 is common for both the converters.   

Fig. 1 Integrated Switched Mode Converter 

This converter operates in four stages, 
First Stage: When SW1 is on, buck inductor (Lb) and flyback primary inductor (Lf) are storing energy and output 

capacitance (Co) feeding load. 
Second Stage:  When SW1 is off, buck inductor (Lb) is discharging and flyback secondary inductance is 

discharging. 
Third Stage:  before completion of discharge of flyback secondary inductor energy already buck inductor 

completes its energy completely.  
Fourth Stage: In this flyback secondary inductor discharges energy completely and output capacitor feeds load. 
The above four stages of working is shown in Fig.2.

Fig.  2 .a First stage      Fig.  2. b Second stage
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Fig.  2 .cThird stage      Fig.  2. d.Fourth stage 

Fig.  2. Operation of ISMPC 

3. Charge Current Controlled ISMPC 

Operation of charge control is particularly for Power factor correction converter is explained in this section. Fig.3 
shows the circuit diagram of ISMPC with charge control is presented. At the starting of switching cycle, SW1 will 
be turn on and SW2 turnoff at same instant. SW1 current sensed and used to charge capacitor Ca. When capacitor 
voltage (VCa ) reaches to reference voltage Vr , SW1 will be turn off and SW2 will be turn on to discharge Ca. The 
voltage VCa is the total charge of the SW1 current in one cycle of switching period. The average value of SW1 
current is proportional to switching period when the converter is operating with constant switching frequency. 

                            
                     

Fig. 3. Charge Current Controlled ISMPC     Fig. 4. Transfer function model of ISMPS 

To analyze the performance of controller a small signal model of the current loop is derived and it’s equivalent 
transfer function model is shown in Fig. 4. This integrated switch current expression in discrete form is, 
    = − 

                               (1) 
Its continuous time domain is, 
     = − 

  

       (2)  
The transfer function from the (2) is, 
    

 = −                                     (3) 
Where, 

 = 
  ,    = 


      

 is the modulator gain ,   is the equivalent current gain and  is the sample and hold effect.  
To analyze stability of Converter need to study small signal model of converter with control to be develop, so the 

converter with controller transfer function is, 
     =         (4) 
Where    is the PFC converter transfer function. 
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