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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 

Energy crisis is one of the most crucial topics in today's world. Conventional energy resources are not only limited and costly, 
but also the prime cause for environmental pollution. The environmental pollution and rising cost of the fossil fuels have drawn 
considerable attention to renewable energy sources. Solar energy, being the cleanest and most reliable renewable energy source, is 
widely utilized in thermal systems to heat water and air. It offers a vast opportunity for public and private organizations to reduce 
carbon emissions and cut electricity costs. A viable approach to maximizing the solar panel efficiency is solar tracking. This paper, 
therefore, proposes an automatic microcontroller-based solar tracker with a hybrid algorithm for locating the sun's position. The 
proposed hybrid solar tracking algorithm combines both sensors and mathematical models to determine the precise sun's position, 
thereby harnessing optimal solar energy for all weather conditions. Experimental results consistently show that the hybrid solar 
tracking algorithm can yield higher solar power that the traditional active and chronological algorithms. A webpage was also 
developed to facilitate real-time monitoring of solar data. As such, the solar tracking process is fully automated, maximizing the 
collection and management of solar energy for solar thermal systems. 
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1. Introduction 

Finding energy sources to satisfy the world's growing demand is one of the foremost challenges for the next half-
century. Over the recent years, greenhouse effect has caused global warming and irregular climate changes. To 
generate electricity, few countries still depend on fossil fuels which produce greenhouse gases that can severely impact 
human and wildlife population. Environmental pollution and rising cost of the fossil fuels around the globe rouse 
individuals to concentrate on renewable energy sources. As per scientific predictions, the consumption of fossil fuels 
will decrease by 80% and of non-fossil fuels will increase by 50% within a period of 30 years. Statistics has shown 
that available fossil fuels will deplete by 2080. Thus, the primary energy source has to be non-convention sources [1]. 

The earth receives 16x1018 units of energy from the sun annually, which is 20,000 times the requirement of mankind 
on earth [2]. On a sunny day, energy radiated from the sun is about 1 kW/m2. As mentioned in [3], "the International 
Energy Agency predicts that approximately one-quarter of the renewable power, or 11% of worldwide electricity, 
could be supplied from solar energy in 2050.”  

This paper, therefore, aims to optimize the harnessing of solar energy by designing and developing an automatic 
microcontroller-based solar tracker with a hybrid algorithm that can locate the precise sun’s position. Experiments 
were conducted to evaluate the proposed solar tracker’s performance under local climate. To facilitate timely 
monitoring of solar data, a webpage was also developed.  

2. Design and implementation  

2.1. Electromechanical system  

The proposed solar tracker has light dependent resistors (LDRs), Arduino mega microcontroller, Arduino Wi-Fi 
shield, servo motor, stepper motor and driver, HMC5883L magnetometer, current sensor ACS712, and solar panel 
with supporting metallic servo bracket, as pictured in Fig. 1 (a). This electromechanical system consists of two drivers 
with a stepper motor and a servo motor: the former is for rotating about north and south directions, and the latter for 
east and west directions. The solar panel produces a voltage proportional to the sunlight intensity, while the LDRs 
determine the system misalignment and send signals to the microcontroller, which in turn automatically adjusts the 
motors to correct the solar panel position. 

 
Fig. 1. (a) Proposed solar tracker; (b) Data monitoring webpage. 

a b 

 Jerin Kuriakose Tharamuttam et al. / Energy Procedia 00 (2017) 000–000  3 

2.2. Hybrid algorithm for solar tracking 

Active and chronological algorithms are commonly employed in solar tracking. The active algorithm is a closed-
loop tracking mechanism based on the control principle with feedback. A light sensor, which detects sun brightness, 
acts as the input to the system controller. The acquired values are then analysed by the microcontroller, which controls 
the motor motion to orientate the solar panel towards the sun. While the active solar tracker produces high tracking 
accuracy during clear and sunny days, its performance may degrade when the weather is cloudy or when the light 
sensor is sheltered [4]. 

Conversely, the chronological algorithm controls the solar panel movement by identifying the sun's path using sun 
tracking mathematical models [5, 6]. The microcontroller calculates the sun’s position and directs motors to move the 
solar panel towards the sun at preset time intervals using defined azimuth and elevation angles. The azimuth angle is 
the angle in the horizontal plane measured from true north to the horizontal projection of the sun ray, as given in 
Equation (1) [1], where φ is the latitude of the location, δ is the solar declination angle, and θ denotes the hour angle. 

 
   

1 sinAzimuth angle tan
cos sin tan cos
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On the other hand, the elevation angle is the angular height of the sun in the sky measured from the horizon of the 
object. The elevation angle changes throughout the day depending on the day of the year and latitude of that particular 
location, as given in Equation 2 [5, 6]. Owing to the complexity of sun movement, the chronological solar track may 
not accurately determine the sun’s position. 

    1Elevation angle sin sin sin cos cos cos          (2) 

To improve the overall solar tracking accuracy, we propose a hybrid algorithm comprising both active and 
chronological algorithms. A magnetometer HMC5883l was also incorporated into the proposed solar tracker to guide 
the solar panel towards the north direction. Fig. 2 shows a flow diagram representing the hybrid algorithm for solar 
tracking. 

Fig. 2. Proposed hybrid algorithm. 
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