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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 

The article describes the results of the “Open-source Smart lamp” aimed at designing and developing a smart appliance that 
integrates a wireless communication system for building automation, following the maker movement philosophy. The device is 
able to get an overview of the potential of a nearable device equipped with a variety of sensors to broadcast digital data for the 
management and control of the Indoor Environmental Quality (IEQ) of the built environment. The Smart Lamp installed in a real 
office in order to test the reliability of the device in the management of the lighting and air quality levels. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the AiCARR 50th International Congress; Beyond NZEB 
Buildings. 
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1. Introduction 

In the past years, the actors of the building sector have been mainly involved in the design of new solutions to 
maximize the performance of technological systems for the definition of best solutions applicable to Zero Energy 
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Building (ZEB) [1]. In most cases, the national and international bibliographical studies have focused their attention 
on the investigation of specific technical solutions to optimize building envelope strategies to reduce both cooling and 
heating energy consumptions respectively in summer and winter seasons, such as cool roofs [2-4], green roofs [5-8], 
dynamic windows [9] and so on; but sometimes planning important building retrofit strategies doesn’t represent 
sustainable and sufficient solutions to achieve ZEB goals [10]. Today instead, the new frontiers are more and more 
involved in the development of integrated virtual environment [11, 12] and systems able to acquire, store and mine 
building data through the connection of Building Information Modeling (BIM) and the Internet of Things (IoT) [13]. 
While the BIM is the process related to the definition of digital representations of physical and functional 
characteristics of places [14], the IoT is essentially a network of connected and interconnected devices [15]. The spread 
of the IoT approach has allowed a proliferation of devices always connected in a communicating-actuating network, 
implemented following the “maker” movement and the Do-It-Yourself (DIY) philosophy, removing structural and 
technological obstacles [16]. Over the past years several shared projects and low-cost alternative technologies have 
appeared and developed, allowing end users to approach the electronics in a simple and fast way [17, 18, 19, 20, 21, 
22]. The revolution of the DIY is the last in chronological order. After the agricultural and the industrial revolutions, 
the information age, the so-called Third Wave [23], draws upon the read/write functionality of the Internet and 
digitally-driven design/manufacture, to enable ordinary people to invent, design, make and, sometimes, sell goods and 
services [24]. Anybody at any location could carry out the principles of the DIY philosophy [25, 26, 27] through 
enabling technologies, for example Arduino or RaspberryPI.  

The extreme flexibility of the technologies cited before allows their applications in different fields, like the Indoor 
Environmental Quality (IEQ) and energy consumption monitoring. As it is well known, the IEQ is a holistic concept 
including Indoor Air Quality (IAQ), Indoor Lighting Quality (ILQ) and indoor Acoustic comfort [28, 29, 30], besides 
the Indoor Climate Quality (ICQ). In addition these technologies could be fitted in common objects, transforming it 
in intelligent devices: in this sense the term “nearable object” (or nearable technology), used for the first time in 2014 
as part of a marketing campaign, is now used to uniquely identify the idea of smart objects that can be equipped with 
a variety of sensors and can work as transmitters to broadcast digital data. 

In the present article, the DIY approach has been applied to two nearable devices for the management of the IEQ 
and the related energy consumption. The ICQ, IAQ and ILQ are considered in the following scenarios. The devices 
were made using low-cost sensors, available on the market, wireless (IR and ZigBee) communication systems based 
on a LED IR and a XBee S2 communication modules, respectively. A 3D printer has been used for the implementation 
of the case. It implements Fused Deposition Modeling (FDM) technology [31] and uses polylactide (PLA) for printing. 
The PLA [32] is one of the most eco-friendly 3D printing materials available; it is made from annually renewable 
resources (corn-starch) and requires less energy to process than traditional (petroleum-based) plastics. 

2. Application scenarios, hardware and software  

2.1. Application scenarios 

As evidence of the ability to apply and to adapt a nearable to the specific requirements by following the DIY 
approach, two different scenarios are considered corresponding to two different prototypes of a desk lamp, applied to 
the same case study aimed at optimizing different aspects of the IEQ. The former (Fig. 1a) in which the nearable tool 
is implemented and applied so as to optimize the ICQ. The latter (Fig. 1b) in which it is updated to optimize the IAQ 
and ILQ. 
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Fig. 1. Application scenarios: (a) 1st nearable for ICQ optimization; (b) 2nd nearable for IAQ and ILQ optimization. 

 
The first nearable prototype (Fig. 1a) takes into account the monitored values of air temperature and relative 

humidity. The microcontroller provides the command to the air conditioner in the form of infrared code, on the basis 
of a the hypothesized control logics. The Bluetooth module allows to transfer the data to an Android device and the 
mobile app allow to send all the data to a cloud server. 

The second nearable solution (Fig. 1b) allows to monitor the CO2 concentration and illuminance values. Depending 
on these, the microcontroller provides the command of activation of the air exchange and lighting devices, through a 
ZigBee connection. 

2.2. Hardware 

The fundamental core of the hardware architecture of the first nearable, named “Smart lamp”, released as a 
completely open source project [33], is a microcontroller, an integrated air temperature and relative humidity sensor 
(DHT22), an infrared (IR) led and a lighting element characterized by a “cold light” emitted by a 24 LEDs panel. The 
DHT22 sensor is placed into the base of the Smart lamp in a position so as not to be influenced either by the nearby 
overheated electronic components [34] or by the lighting appliance placed at a distance of about 50 cm from the base. 
The second nearable [35] (Fig. 1b) is composed by two elements: 

 a monitoring station placed near the workstation (in Fig. 1b: NMS, nearable monitoring station) equipped with a 
XBee S2 module, a K30 CO2 concentration sensor and a photoresistor; 

 a receiving station (in Fig. 1b: AS, actuation station) wireless connected to the nearable monitoring station that 
manages the actuation of both the air exchange system and the lamp. 

2.3. Software 

The first nearable detects the air temperature (T) and the relative humidity (RH). Depending on the value, 
different scenarios and many useful settings are identified: 

 If T < 21 °C then it sets the air conditioning system on the heating mode modifying the set point at 24 °C. 
 If 21≤ T < 22 °C then it sets the air conditioning system on the heating mode modifying the set point at 22 °C. 
 If 22 ≤ T < 25 °C and RH>60% then it sets the air conditioning system on the dehumidification mode. 
 If 22 ≤ T < 25 °C and RH≤60% then it turns off the air conditioning system. 
 If 25 ≤ T < 26 °C then it sets the air conditioning system on the cooling mode modifying the set point at 25 °C. 
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