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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 harvesting is important in designing low power intelligent networks, such as Internet-of-Things. Energy harvesting can 
ensure wireless and lossless energy supply to energy dependent technological solutions with independence of infrastructure. 
Electrical energy created through piezoelectricity occurs as soon as electrically balanced crystals are deformed through mechanical 
pressure. The purpose of this paper is to examine key academic interest in the field and presents a foresight of this interest into the 
future. Data from 2005 until today show an exponential growth of published scientific articles. In contrast to this, is found a low 
level of ability to convert the technology from academia to commercialization. A decision making model is proposed including a 
requirement for better understanding of niches, niche definitions and configuration of energy harvesting design considerations. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of the 9th International Conference on Applied Energy. 
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1. Introduction 

Energy harvesting is the area of collecting, typically, small amount of electric energy [1] to operate mobile, remote 
or off-grid unit such as personal gadgets, Internet-of-things (IoT) devices, and similar electronic apparatus, where a 
standard power supply unit (PSU) would be expensive, impractical, infeasible, or the purpose would not be justified 
from e.g. cabling, PSU loss, heat dissipation. Piezoelectric energy is one of the typical methods to harvest energy along 
with photovoltaic (PV), thermo-electric (Peltier) elements, photo-chemical systems, rotary and linear dynamos, ram 
air turbines [2]. PV being dominant but dependent on light sources.  
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Piezoelectricity (from the Greek word piezein - “pressure” or “squeeze”) can enable a “process of extracting, 
converting and storing energy from the environment” [3] and was discovered by Curie in 1880 [4]. Most current 
applications are as micro actuators in MEMS technology and piezoelectricity is not widely used to harvest kinetic 
energy. Zervos [1] predicts the exponential growth of investments in piezoelectric energy harvesting and the increase 
of produced piezoelectric units from 2012 to 2022, what pushes the topic of this article in the focus of technology 
manufacturer and investors. 

The amount of recently published scientific articles in the field of piezoelectric energy harvesting has been growing 
significantly in the last decade. Due to this, this paper explores the total academic interest in energy harvesting through 
piezoelectricity. With support of this gained knowledge, the authors present a technology foresight of this field. 
Technology foresight [5] is to identify and evaluate the emerging technologies, which will probably result in great 
economic and social bene-fits in the future. The purpose of this foresight is to present the future interest in this field.  

To fulfill the purpose of this paper and define its scope, the research question formulates as: How intense has the 
interest of energy harvesting through piezoelectricity been in the past, and how intense will it be in the future?  

2. Methodology 

The research problem methodology in founded on a technology foresight model, based on [5]. It has to be 
mentioned, that this process model is created for a use in companies and not academia without adaptation. A filter was 
applied to find results that are only using piezoelectricity to harvest energy and exclude MEMS. Alongside Reger [5], 
also Rohrbeck [6] serves as a critical inspiration for the applied methodology of technological and corporate foresight. 

Rohrbeck [6] stipulates the technological innovation process as (1) Idea generation (2) Selection (3) Development 
(4) Commercialisation – this happens between the innovative process and opponents. Given the minimal breakthrough 
of piezoelectric energy, the foresight must focus on the phases from Idea Generation to Development. Furthermore 
comes a need for identifying the character of the Opponent. 

The following four steps by Reger [5] describe what to do to succeed:  
 Define goal and search scope 
 Select information sources and methods 
 Data collection and storage 
 Analyzing 

The foresight process starts with the definition of a goal and a search scope. The theory says, that the “objectives, 
core questions and search areas” [5] must be defined. An inside-out perspective [5] limits the search area, what means, 
that findings are only accepted, when they fulfill specific requirements. This step is already done in the introduction 
of this article with a formulation of a research question and a definition of the search scope. 

The second step in the process is select information sources and methods. This step is about whether the type of 
information [5], that is needed to answer the research question, is formal or informal, and whether the information is 
valid and reliable. To complement the theory of technology foresight, this section includes theory of technology 
intelligence to describe the applied methods. According to Lichtenthaler [7], “the goal of technology intelligence is to 
exploit potential opportunities of technological trends”. Additionally, it is also about collecting, analyzing and 
communicating relevant information. 

To answer the research question, this article performs a literature review, which provides the required data. 
According to Kerr [8], there are different kinds of sources in technology intelligence: white, grey and black. In this 
article the kind of sources, that are used, are mainly white sources, because the sources are publicly available. Three 
interviews with university professors present a grey source.  

The type of information for this article is defined as formal information, such as scientific journals, reports and 
webpages. It is relatively easy to contribute such formal information, which means that formal information should be 
selected very carefully, to get a high validity and reliability. The information from scientific journals is preapproved 
information, which contributes to a high validity. Some of the webpages that are used have a low validity, but, due to 
the number of webpages claiming the same, they are still examined. Because of their low validity, these webpages are 
treated with critical awareness. As mentioned above, the process used in this article from [5] on technology foresight.  

The third step of the process is data collection and storage. The theory of Reger [5] says that it is important to 
consider how the data is collected, who collects the data, but also in which context the data is used. As a mean to 
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