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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.

© 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.

Keywords: Heat demand; Forecast; Climate change

Energy Procedia 159 (2019) 1

1876-6102 © 2019 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC-BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)
Selection and peer-review under responsibility of the scientific committee of the Applied Energy Symposium and Forum, Renewable Energy 
Integration with Mini/Microgrids, REM 2018.
10.1016/j.egypro.2018.12.020

10.1016/j.egypro.2018.12.020 1876-6102

REM2018: Renewable Energy Integration with Mini/Microgrid 

The Applied Energy Symposium and Summit, REM2018: Renewable Energy Integration 
with Mini/Microgrid, to which the present issue of Energy Procedia is dedicated, was held in 
Rhodes, Greece, on September 28 to 30, 2018 (http://applied-energy.org/rem2018). More than 
80 participants from over 23 countries in different regions, who provided 94 scientific 
presentations, attended this conference. The REM2018, with the theme of “Distributed 
Energy and Microgrids for Islands and Smart Cities”, provided a perfect platform focused on 
mini/microgrid architecture and design, energy storage for mini/microgrid applications, 
mathematical modelling and analysis of mini/microgrids, 100% or high penetration renewable 
energy systems, forecasting, modeling and optimization of variable renewables, policy and 
regulatory interventions for mini/microgrid systems, and new utility business models. 

The event consisted of a two-day symposium for sharing the most recent progress of 
research in renewable energy integration with mini/microgrids. A field study tour that was 
organized from the University of West Attica was also arranged on Tilos island so as to visit 
the renewable energy project "TILOS", supported by the European Commission. It was a 
great opportunity for researchers, students, managers, inventors, project developers, 
financiers, suppliers, and policy makers from both developed and developing countries around 
the world to meet together, share and communicate among them, and jointly search for more 
effective solutions for integration of renewable energies into mini/microgrids. 

In this special volume of Energy Procedia, 89 research papers are selected though a peer-
review process. We wish to thank the authors and reviewers who have contributed to reach a 
highly scientific standard to this issue. We are also grateful to the publisher for allowing us to 
share some of the conference results with a larger audience of colleagues involved in the 
research field of renewable energy integration with mini/microgrid. 

This conference was jointly organized by the international journal Applied Energy, 
Applied Energy Innovation Institute, KTH – Royal Institute of Technology and the University 
of West Attica. The conference organization was supported by TILOS project (Horizon 2020 
Low Carbon Energy Local / small-scale storage LCE-08-2014). This project has received 
funding from the European Union's Horizon 2020 research and innovation programme under 
Grant Agreement No 646529. The publication of the issue will surely amplify the conference 
outcome and generate a much larger discussion and scientific progress. 

The Guest Editors would also like to take this opportunity to express their high 
appreciation to the authors and reviewers for their great contributions to this issue. We would 
also like to thank the staff and volunteers whose hard work improved the conference on which 
this proceedings is built. 
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Editor-in-Chief of Applied Energy 

KTH- Royal Institute of Technology and Mälardalen University, Sweden 
 

Prof. John K. Kaldellis 
University of West Attica 

 
Dr. Pietro Elia Campana 

KTH- Royal Institute of Technology and Mälardalen University, Sweden 
 

REM2018: Renewable Energy Integration with Mini/Microgrid 

The Applied Energy Symposium and Summit, REM2018: Renewable Energy Integration 
with Mini/Microgrid, to which the present issue of Energy Procedia is dedicated, was held in 
Rhodes, Greece, on September 28 to 30, 2018 (http://applied-energy.org/rem2018). More than 
80 participants from over 23 countries in different regions, who provided 94 scientific 
presentations, attended this conference. The REM2018, with the theme of “Distributed 
Energy and Microgrids for Islands and Smart Cities”, provided a perfect platform focused on 
mini/microgrid architecture and design, energy storage for mini/microgrid applications, 
mathematical modelling and analysis of mini/microgrids, 100% or high penetration renewable 
energy systems, forecasting, modeling and optimization of variable renewables, policy and 
regulatory interventions for mini/microgrid systems, and new utility business models. 

The event consisted of a two-day symposium for sharing the most recent progress of 
research in renewable energy integration with mini/microgrids. A field study tour that was 
organized from the University of West Attica was also arranged on Tilos island so as to visit 
the renewable energy project "TILOS", supported by the European Commission. It was a 
great opportunity for researchers, students, managers, inventors, project developers, 
financiers, suppliers, and policy makers from both developed and developing countries around 
the world to meet together, share and communicate among them, and jointly search for more 
effective solutions for integration of renewable energies into mini/microgrids. 

In this special volume of Energy Procedia, 89 research papers are selected though a peer-
review process. We wish to thank the authors and reviewers who have contributed to reach a 
highly scientific standard to this issue. We are also grateful to the publisher for allowing us to 
share some of the conference results with a larger audience of colleagues involved in the 
research field of renewable energy integration with mini/microgrid. 

This conference was jointly organized by the international journal Applied Energy, 
Applied Energy Innovation Institute, KTH – Royal Institute of Technology and the University 
of West Attica. The conference organization was supported by TILOS project (Horizon 2020 
Low Carbon Energy Local / small-scale storage LCE-08-2014). This project has received 
funding from the European Union's Horizon 2020 research and innovation programme under 
Grant Agreement No 646529. The publication of the issue will surely amplify the conference 
outcome and generate a much larger discussion and scientific progress. 

The Guest Editors would also like to take this opportunity to express their high 
appreciation to the authors and reviewers for their great contributions to this issue. We would 
also like to thank the staff and volunteers whose hard work improved the conference on which 
this proceedings is built. 
 

Guest Editors 
 

Prof. Jinyue Yan 
Editor-in-Chief of Applied Energy 

KTH- Royal Institute of Technology and Mälardalen University, Sweden 
 

Prof. John K. Kaldellis 
University of West Attica 

 
Dr. Pietro Elia Campana 

KTH- Royal Institute of Technology and Mälardalen University, Sweden 
 

REM2018: Renewable Energy Integration with Mini/Microgrid 

The Applied Energy Symposium and Summit, REM2018: Renewable Energy Integration 
with Mini/Microgrid, to which the present issue of Energy Procedia is dedicated, was held in 
Rhodes, Greece, on September 28 to 30, 2018 (http://applied-energy.org/rem2018). More than 
80 participants from over 23 countries in different regions, who provided 94 scientific 
presentations, attended this conference. The REM2018, with the theme of “Distributed 
Energy and Microgrids for Islands and Smart Cities”, provided a perfect platform focused on 
mini/microgrid architecture and design, energy storage for mini/microgrid applications, 
mathematical modelling and analysis of mini/microgrids, 100% or high penetration renewable 
energy systems, forecasting, modeling and optimization of variable renewables, policy and 
regulatory interventions for mini/microgrid systems, and new utility business models. 

The event consisted of a two-day symposium for sharing the most recent progress of 
research in renewable energy integration with mini/microgrids. A field study tour that was 
organized from the University of West Attica was also arranged on Tilos island so as to visit 
the renewable energy project "TILOS", supported by the European Commission. It was a 
great opportunity for researchers, students, managers, inventors, project developers, 
financiers, suppliers, and policy makers from both developed and developing countries around 
the world to meet together, share and communicate among them, and jointly search for more 
effective solutions for integration of renewable energies into mini/microgrids. 

In this special volume of Energy Procedia, 89 research papers are selected though a peer-
review process. We wish to thank the authors and reviewers who have contributed to reach a 
highly scientific standard to this issue. We are also grateful to the publisher for allowing us to 
share some of the conference results with a larger audience of colleagues involved in the 
research field of renewable energy integration with mini/microgrid. 

This conference was jointly organized by the international journal Applied Energy, 
Applied Energy Innovation Institute, KTH – Royal Institute of Technology and the University 
of West Attica. The conference organization was supported by TILOS project (Horizon 2020 
Low Carbon Energy Local / small-scale storage LCE-08-2014). This project has received 
funding from the European Union's Horizon 2020 research and innovation programme under 
Grant Agreement No 646529. The publication of the issue will surely amplify the conference 
outcome and generate a much larger discussion and scientific progress. 

The Guest Editors would also like to take this opportunity to express their high 
appreciation to the authors and reviewers for their great contributions to this issue. We would 
also like to thank the staff and volunteers whose hard work improved the conference on which 
this proceedings is built. 
 

Guest Editors 
 

Prof. Jinyue Yan 
Editor-in-Chief of Applied Energy 

KTH- Royal Institute of Technology and Mälardalen University, Sweden 
 

Prof. John K. Kaldellis 
University of West Attica 

 
Dr. Pietro Elia Campana 

KTH- Royal Institute of Technology and Mälardalen University, Sweden 
 

REM2018: Renewable Energy Integration with Mini/Microgrid 

The Applied Energy Symposium and Summit, REM2018: Renewable Energy Integration 
with Mini/Microgrid, to which the present issue of Energy Procedia is dedicated, was held in 
Rhodes, Greece, on September 28 to 30, 2018 (http://applied-energy.org/rem2018). More than 
80 participants from over 23 countries in different regions, who provided 94 scientific 
presentations, attended this conference. The REM2018, with the theme of “Distributed 
Energy and Microgrids for Islands and Smart Cities”, provided a perfect platform focused on 
mini/microgrid architecture and design, energy storage for mini/microgrid applications, 
mathematical modelling and analysis of mini/microgrids, 100% or high penetration renewable 
energy systems, forecasting, modeling and optimization of variable renewables, policy and 
regulatory interventions for mini/microgrid systems, and new utility business models. 

The event consisted of a two-day symposium for sharing the most recent progress of 
research in renewable energy integration with mini/microgrids. A field study tour that was 
organized from the University of West Attica was also arranged on Tilos island so as to visit 
the renewable energy project "TILOS", supported by the European Commission. It was a 
great opportunity for researchers, students, managers, inventors, project developers, 
financiers, suppliers, and policy makers from both developed and developing countries around 
the world to meet together, share and communicate among them, and jointly search for more 
effective solutions for integration of renewable energies into mini/microgrids. 

In this special volume of Energy Procedia, 89 research papers are selected though a peer-
review process. We wish to thank the authors and reviewers who have contributed to reach a 
highly scientific standard to this issue. We are also grateful to the publisher for allowing us to 
share some of the conference results with a larger audience of colleagues involved in the 
research field of renewable energy integration with mini/microgrid. 

This conference was jointly organized by the international journal Applied Energy, 
Applied Energy Innovation Institute, KTH – Royal Institute of Technology and the University 
of West Attica. The conference organization was supported by TILOS project (Horizon 2020 
Low Carbon Energy Local / small-scale storage LCE-08-2014). This project has received 
funding from the European Union's Horizon 2020 research and innovation programme under 
Grant Agreement No 646529. The publication of the issue will surely amplify the conference 
outcome and generate a much larger discussion and scientific progress. 

The Guest Editors would also like to take this opportunity to express their high 
appreciation to the authors and reviewers for their great contributions to this issue. We would 
also like to thank the staff and volunteers whose hard work improved the conference on which 
this proceedings is built. 
 

Guest Editors 
 

Prof. Jinyue Yan 
Editor-in-Chief of Applied Energy 

KTH- Royal Institute of Technology and Mälardalen University, Sweden 
 

Prof. John K. Kaldellis 
University of West Attica 

 
Dr. Pietro Elia Campana 

KTH- Royal Institute of Technology and Mälardalen University, Sweden 
 

REM2018: Renewable Energy Integration with Mini/Microgrid 

The Applied Energy Symposium and Summit, REM2018: Renewable Energy Integration 
with Mini/Microgrid, to which the present issue of Energy Procedia is dedicated, was held in 
Rhodes, Greece, on September 28 to 30, 2018 (http://applied-energy.org/rem2018). More than 
80 participants from over 23 countries in different regions, who provided 94 scientific 
presentations, attended this conference. The REM2018, with the theme of “Distributed 
Energy and Microgrids for Islands and Smart Cities”, provided a perfect platform focused on 
mini/microgrid architecture and design, energy storage for mini/microgrid applications, 
mathematical modelling and analysis of mini/microgrids, 100% or high penetration renewable 
energy systems, forecasting, modeling and optimization of variable renewables, policy and 
regulatory interventions for mini/microgrid systems, and new utility business models. 

The event consisted of a two-day symposium for sharing the most recent progress of 
research in renewable energy integration with mini/microgrids. A field study tour that was 
organized from the University of West Attica was also arranged on Tilos island so as to visit 
the renewable energy project "TILOS", supported by the European Commission. It was a 
great opportunity for researchers, students, managers, inventors, project developers, 
financiers, suppliers, and policy makers from both developed and developing countries around 
the world to meet together, share and communicate among them, and jointly search for more 
effective solutions for integration of renewable energies into mini/microgrids. 

In this special volume of Energy Procedia, 89 research papers are selected though a peer-
review process. We wish to thank the authors and reviewers who have contributed to reach a 
highly scientific standard to this issue. We are also grateful to the publisher for allowing us to 
share some of the conference results with a larger audience of colleagues involved in the 
research field of renewable energy integration with mini/microgrid. 

This conference was jointly organized by the international journal Applied Energy, 
Applied Energy Innovation Institute, KTH – Royal Institute of Technology and the University 
of West Attica. The conference organization was supported by TILOS project (Horizon 2020 
Low Carbon Energy Local / small-scale storage LCE-08-2014). This project has received 
funding from the European Union's Horizon 2020 research and innovation programme under 
Grant Agreement No 646529. The publication of the issue will surely amplify the conference 
outcome and generate a much larger discussion and scientific progress. 

The Guest Editors would also like to take this opportunity to express their high 
appreciation to the authors and reviewers for their great contributions to this issue. We would 
also like to thank the staff and volunteers whose hard work improved the conference on which 
this proceedings is built. 
 

Guest Editors 
 

Prof. Jinyue Yan 
Editor-in-Chief of Applied Energy 

KTH- Royal Institute of Technology and Mälardalen University, Sweden 
 

Prof. John K. Kaldellis 
University of West Attica 

 
Dr. Pietro Elia Campana 

KTH- Royal Institute of Technology and Mälardalen University, Sweden 
 

REM2018: Renewable Energy Integration with Mini/Microgrid 

The Applied Energy Symposium and Summit, REM2018: Renewable Energy Integration 
with Mini/Microgrid, to which the present issue of Energy Procedia is dedicated, was held in 
Rhodes, Greece, on September 28 to 30, 2018 (http://applied-energy.org/rem2018). More than 
80 participants from over 23 countries in different regions, who provided 94 scientific 
presentations, attended this conference. The REM2018, with the theme of “Distributed 
Energy and Microgrids for Islands and Smart Cities”, provided a perfect platform focused on 
mini/microgrid architecture and design, energy storage for mini/microgrid applications, 
mathematical modelling and analysis of mini/microgrids, 100% or high penetration renewable 
energy systems, forecasting, modeling and optimization of variable renewables, policy and 
regulatory interventions for mini/microgrid systems, and new utility business models. 

The event consisted of a two-day symposium for sharing the most recent progress of 
research in renewable energy integration with mini/microgrids. A field study tour that was 
organized from the University of West Attica was also arranged on Tilos island so as to visit 
the renewable energy project "TILOS", supported by the European Commission. It was a 
great opportunity for researchers, students, managers, inventors, project developers, 
financiers, suppliers, and policy makers from both developed and developing countries around 
the world to meet together, share and communicate among them, and jointly search for more 
effective solutions for integration of renewable energies into mini/microgrids. 

In this special volume of Energy Procedia, 89 research papers are selected though a peer-
review process. We wish to thank the authors and reviewers who have contributed to reach a 
highly scientific standard to this issue. We are also grateful to the publisher for allowing us to 
share some of the conference results with a larger audience of colleagues involved in the 
research field of renewable energy integration with mini/microgrid. 

This conference was jointly organized by the international journal Applied Energy, 
Applied Energy Innovation Institute, KTH – Royal Institute of Technology and the University 
of West Attica. The conference organization was supported by TILOS project (Horizon 2020 
Low Carbon Energy Local / small-scale storage LCE-08-2014). This project has received 
funding from the European Union's Horizon 2020 research and innovation programme under 
Grant Agreement No 646529. The publication of the issue will surely amplify the conference 
outcome and generate a much larger discussion and scientific progress. 

The Guest Editors would also like to take this opportunity to express their high 
appreciation to the authors and reviewers for their great contributions to this issue. We would 
also like to thank the staff and volunteers whose hard work improved the conference on which 
this proceedings is built. 
 

Guest Editors 
 

Prof. Jinyue Yan 
Editor-in-Chief of Applied Energy 

KTH- Royal Institute of Technology and Mälardalen University, Sweden 
 

Prof. John K. Kaldellis 
University of West Attica 

 
Dr. Pietro Elia Campana 

KTH- Royal Institute of Technology and Mälardalen University, Sweden 
 

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2018.12.020&domain=pdf

