
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 

Man’s growing demand for energy calls for an increase in energy supply. Since burning of fossil fuels produces harmful chemicals, 
finding new sources of power such as renewable energy is encouraged. This study aims to implement a DC/DC Buck-Boost 
converter with fuzzy logic controller for photovoltaic systems. In this study, use of a solar panel was integrated in the design of a 
buck-boost converter with a fuzzy logic controller was considered. The researchers used a microcontroller which measures the 
input and output voltages of the system and conducted experiments in which it was determined that when the voltage reading of 
the solar panel is 20 V, buck mode is operated and when the voltage reading of the panel is at least 3 V – 10 V, boost mode is 
operated. In the actual application of the buck-boost converter, the researchers verified that at a particular time of operation, the 
converter was not able to boost the voltage higher due to very small input current. For the 6 V, 9 V and 12 V batteries, the recorded 
voltage ranges for state of charge from 0% - 100% are 6.03 V – 7.2 V, 8.4 V – 9.54 V and 11.9 V – 12.92 V, respectively. 
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1. Introduction 

Energy is one of the major needs of humanity. For centuries, fossil fuels have been the main source of energy in 
the world. Since burning of fossil fuels produce carbon emissions that contribute to global warming and other 
pollutions, the need to find new sources of energy preferably renewable sources of energy becomes inevitable. 
Alternative sources of energy such as renewable and sustainable energy like solar, wind, geothermal, hydro and 
biomass are being considered. Today’s challenge is to design and build devices to harness solar energy effectively. 
Fossil fuels which at present are the primary source of energy are slowly being depleted; thus, energy shortage will 
take place when all fossil fuels have been completely depleted. Scientists, engineers and other researchers tend to find 
ways to address this problem and create efficient ways to harness energy from the sun. This paper suggests that a buck-
boost converter can be controlled by a fuzzy logic controller. The main focus of the study is to integrate buck-boost 
converter with a fuzzy logic controller and be implemented in a solar charging system. 

The main objective of the study is to design and implement a DC/DC Buck-Boost converter with fuzzy logic 
controller for harnessing solar energy. The specific objectives of this research are to design and construct a buck-boost 
converter for PV cell, create a fuzzy logic controller for the charging circuit and to integrate a microcontroller to 
observe the state of charge of the battery.  

The significance of the study is that it will serve as a basis of any study regarding DC-DC converter applied to 
renewable energies more specifically solar energy. This research will also serve as benchmark of any further study on 
buck-boost DC-DC Converter and lastly this research will be an additional knowledge on applications of DC-DC 
converters and fuzzy logic controller. 

The scope of the study is that buck-boost converter and fuzzy logic controller are to be integrated to create a solar 
charging system. The solar panel has a rating of 10 W and the battery ratings used were 6 V, 9 V and 12 V so that 
buck and boost of input voltage can be applied. Triangular membership function was used for the fuzzy logic 
controller. However, overcurrent protection, overvoltage protection, over temperature protection and maximum power 
tracking were not included in the design of the circuit. 

 

2. Methodology 

Figure 1 shows the conceptual framework of the whole system. The prototype was mainly tasked to charge batteries 
with different voltage ratings of 6 V, 9 V and 12 V. The design was composed of two main systems: the fuzzy 
controller and DC converter system. These systems were activated in sequential order starting from the detection of 
system voltages done by the fuzzy controller. The system works by comparing the solar panel voltage to a reference 
voltage to produce an error signal which is analyzed by the fuzzy controller to determine the required PWM duty 
cycle. 

As shown in Figure 2, the beginning of the procedure was to design and construct a buck-boost converter for 
photovoltaic cells. The design of buck-boost converter includes sizing of components that will be used.  After testing 
the converter, the fuzzy logic controller was developed using MATLAB software. The MATLAB fuzzy inference 
system (.fis) file was then converted to Gizduino code. After a successful program compilation, the whole system was 
integrated by connecting the microcontroller to the buck-boost converter together with the solar panel and the batteries 
to be charged. The voltage method was used in this research in determining the state of charge of the battery. By 
knowing the minimum and maximum voltage of each battery, the percentage state of charge of the battery was 
computed using the formula below. 

 
(1) 

                
 
Lastly, data has been gathered and analyzed when the whole system is already functioning.  
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