
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.

© 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 119 (2017) 72–85

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Euro-Mediterranean Institute for Sustainable Development (EUMISD). 
10.1016/j.egypro.2017.07.050

10.1016/j.egypro.2017.07.050 1876-6102

 

Available online at www.sciencedirect.com 

ScienceDirect 
Energy Procedia 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

International Conference on Technologies and Materials for Renewable Energy, Environment and 
Sustainability, TMREES17, 21-24 April 2017, Beirut Lebanon 

Optimizing the Methodology of Characterization of Municipal Solid 
Waste in EU Under a Circular Economy Perspective 

* ElenaCristina Radaa,b,*, Lucian Ciocab,c

aDepartment of Civil, Environmental and Mechanical Engineering, University of Trento, via Mesiano, 77, 38123, Trento, Italy 
 bDepartment of Industrial Engineering and Management, Faculty of Engineering, Lucian Blaga University of Sibiu, Str. Emil Cioran, 4, 550025, 

Sibiu, Romania 
cAcademy of Romanian Scientists, Splaiul Independentei, 54, sector 5, 050094 Bucharest, Romania 

Abstract 

The methodology for the characterization of residual municipal solid waste (RMSW) is available since decades. Some 
modifications have been introduced in order to modernize it. Now, in order to take into account the targets of the circular 
economy, an additional effort must be made to be sure of generating the right information suitable for the optimization of 
municipal solid waste in that frame. In that perspective, the Authors present a few proposals in order to avoid mistakes and to 
deepen the reliability of the data generated during the analysis performed to classify the residual municipal solid waste in 
fractions. A new model of characterization is thus proposed, suitable for planning waste management in the frame of the circular 
economy principles. 
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1. Introduction 

In the last decades, the characterization of Municipal Solid Waste (MSW) in the European Union has shown a 
remarkable evolution in terms of efforts made from the local management Authorities in zooming on its 
composition. In the same time, the increase of the rate between collected MSW and generated MSW, today very 
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close to 100% in the best managed regions, simplified the efforts in assessing the quantities produced: indeed, the 
collected streams can be easily weighted. The growing reliability of information has positive implications on the 
design of the MSW treatment plants [1-3]. For that reason, the present paper focuses mainly on the methodology of 
MSW characterization, specifically on the characterization of the residual MSW (RMSW) that is the waste 
remaining after source separation. It must be pointed out that source separation (also named selective collection, SC) 
is compulsory in the European Union (EU) thus the methodology must see beyond the present needs of information 
in a region, looking at the need of a good planning for the expected scenarios of MSW management, necessarily 
based on high efficiency of SC. Only through a deep knowledge of the waste streams a sustainable management of 
waste can be performed. Before analyzing the methodology of RMSW characterization it is important to clarify what 
is MSW in the EU [4-8]. In practice, we must consider four main subcategories to understand what MSW is: 

• Household generated waste (the household waste) 
• Waste generated out of domestic building but similar to it (the assimilable waste) 
• Bulky waste generated at urban level  
• Waste from street sweeping  
This paper will consider the methodology related to the characterization of the first two sub-categories, because 

they are the most important for a correct planning of the management of MSW. These two categories are collected 
according to the principles of SC; thus, they can be easily characterized when we deal with source separated streams 
(paper, glass, etc.) but they include also the fraction of RMSW whose characterization is crucial for a correct 
management of MSW [5,9-11]. Just to understand, an overestimation of few percentage points of the energy content 
of RMSW in a small region where a waste to energy plant must be constructed (e.g. an incinerator with energy 
recovery) can give an extra cost in its implementation that can account million Euros. It is clear that a reliable 
methodology for RMSW characterization is compulsory in the sector of engineering and management. In spite of 
that, the history of the sector showed an underestimation of the problem, with limited efforts (also from the 
economic point of view) when a RMSW characterization had to be performed. As an example, the literature has 
shown a trend in the number of fractions taken into account decade after decade but even recently the number of 
fractions taken into account is often around ten, with limited information for a good MSW management planning in 
the key of a circular economy perspective [9].  

If we consider the target of the circular economy [12] we shall see that we must accept as adequate a 
characterization based even over 20 fractions and sub-fractions (a fraction is a class of material like paper, glass, 
etc.). 

2. Critical analysis of the basic characterization 

We can consider basic characterization the one referring to the following steps that can be reconstructed from the 
studies reviewed by Goetze [9]: 

• Selecting a pathway representative of an area of RMSW generation 
• Selecting a day representative of RMSW generation 
• Selecting the fractions to be characterized in percentage  
• Selecting additional parameters of the fractions to be characterized  
• Preparing a site for the fractions characterization 
• Preparing the tools for the fractions characterization 
• Preparing the team for the fractions characterization 
• Collecting an amount of RMSW representative of that area 
• Analyzing the results in terms of fraction percentages  
• Managing the additional laboratory analyses  
The present paper analyzed critically the conventional approach in order to put forward some considerations to 

enhance it. 

© 2017 The Authors. Published by Elsevier Ltd.
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