
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.
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Abstract 

Improving public understanding and awareness is often considered as one of key factor on the waste-to-energy implementation. In 
order to improve awareness on plastic separation from household waste, an education and public outreach activity has been initiated 
by involving the development of pyrolysis technology for producing liquid oil. The technology is an integrated system of pyrolysis 
machine and shredding machine. The system need to cope with challenge of flexibility and easy transportation from one 
community-based waste recycle (waste bank) to another for campaign or education purpose. The technology is expected to exhibit 
the benefit of plastic waste to be converted as an alternative source of burnable oil for household.  
© 2017 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

An effort to improve public understanding and awareness on the benefit of plastics waste has been initiated by 
presentation of fuel oil production from municipal plastic waste in waste banks. By improving its understanding, public 
may have more willingness to participate into 3R (reduce, reuse, recycle) activities of plastic waste. However, the 
response of attendance showed that the presentation could have been more interesting if the whole process could be 
seen, including the plastics waste in its original form. Up to now, the presentations have been carried out by plastics 
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feedstock for the pyrolysis machine which has been in the form of small size in order to maximize the reactor capacity, 
while the shredding process from the original form of plastics waste had been carried out separately prior to the 
presentation. Since the limited number of the machine, it should be easily transportable from one waste bank to another 
as well as operable without difficulty for education and campaign purposes.  

Therefore, in order to fulfill requirement of small size pyrolysis feedstock whilst presentation of plastic waste-to-
oil conversion, a shredding machine has been designed and currently being developed  

2. Theoretical background 

Education and public outreach has been recognized as the essential contributions of scientists and engineers to the 
community since it provides exciting connections between science and the real world [1]. Several activities are often 
considered as the outreach, such as exhibition, guided tours or visits, workshop, and film screening [2]. In addition, 
scientists and engineers giving presentations, tutored, and organized or judged science fairs, developing resources and 
curricula, interacting with children or lay persons are also considered as outreach participation [3].  

Dhokhikah et.al [4] defined the waste bank as a bank that is established by local community, it receives recyclable 
waste from member of the community as the customer/client of the bank. Different types of solid waste materials have 
different prices per kilogram, while each client has a deposit book containing type of waste, weight, price per kilogram, 
and total money received. The bank is able to minimize the volume of solid waste from its sources prior to transporting 
to the temporary disposal sites.  

The fuel oil production in this paper employs sequential pyrolysis and catalytic reforming technology which 
converts municipal plastics wastes into fuel oil [5]. The technology uses commercial and natural zeolite catalysts 
available in Indonesia. The liquid product of the technology is utilized for fueling diesel engine as a single fuel of 
blending with commercial diesel fuel, while its gaseous product is used either as a heating source for cooking gas 
stove application and its solid product is used for co-firing with coal and biomass.  

3. Methodology 

The study is initiated by designing and fabrication of plastic shredder in a small scale so that it fits for the 
deployment to community-based waste collection and recycle center. The shredder is designed to have a working 
capacity of 20-30 kg per hour so that is capable of being used together by some centers within vicinity area 
simultaneously. The machine is designed to be powered by diesel/gasoline engine due to operational consideration 
such as the absence of electric power or low electric power available in the waste bank so that it is unable to supply 
the machine.  

The design of the machine was performed part by part of its units for the ease of assembly. They are inlet unit 
where plastic waste material inserted, shredding unit (knife), outlet unit, and mover.  

4. Results and discussions 

The work principle of this shredding machine is by rotating blade using gasoline/diesel engine. Power from the 
engine is transmitted by pulley and belt. The pulley serves to reduce rotation of the engine. Plastic waste materials 
which has been cleaned were inserted into the machine through inlet unit and the plastic went down to shredding blade. 
The shredded plastics went out through the filter and then outlet.  

The main components of the machine are machine frame, shredding knife, filter, upper casing, and mover. The 
frame serves as a supporting component of the machine in which the other components are installed, such as 
gasoline/diesel engine, shredding knife, and upper casing. Design of the frame is shown in the following Fig.1. From 
the side view of the frame, the bulge part is a holder for the engine.  

The shredding knife consists of 5 (five) blades, 3 (three) of them are rotating following the rotation of the shaft, 
and 2 (two) of them are statically attached on the frame as shown in Fig.2. The shredding process occurs while the 
position of the rotating blades coincides with the static blades. Shredding blades are the soonest worn-out components 
of the machine.  
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Fig. 1. Design of plastics shredder’s frame; side view (right); front look (left) 

The filter serves to ensure the plastic material is in small size to maximize the pyrolysis reactor capacity. Each hole 
of the filter is designed to be 2 cm in diameter and each hole is located by 3 cm in distance as shown in Fig.3. The 
filter is designed in a U-shaped in order to ease the shredded plastics go out from the machine. The diameter of the 
hole depends on the size of plastics as the feedstock of pyrolysis reactor, hence the filter may be modified according 
to the required size of pyrolysis feedstock.   
 

                 

Fig. 2. Design of plastics shredding knife; side view (right); front look (left) 

The upper casing serves as the inlet unit for plastic waste materials as well as the protection unit preventing plastic 
materials from being thrown out due to the rotating force of the shredding knife which may hurt people standing in 
the vicinity of the machine. The casing is designed in certain angles as shown in the side view of Fig.4 in order to 
effectively prevent the plastic materials splashed out on upward direction due to rotation force of the knife.  
 

   

Fig. 3. Design of filter unit; side view (right); front look (left) 
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The mover unit is a gasoline/diesel engine which is capable of generating 5.5 horse power (hp). It is attached on 
the bulge part of the lower frame. The engine and the pulley, as the mover of shredding shaft, is connected by a V-
shaped belt as shown in Fig.5. The overall arrangement of the machine is also shown in Fig.5. As a whole, the machine 
has a dimension of 63 cm x 50.5 cm x 136.5 cm (length x wide x height). After design process, the machine was 
fabricated in a local workshop. 

. 
 

                               

Fig. 4. Design of upper casing; side view (right); front look (left) 

 

                     

Fig. 5. Design of plastics shredder’s frame; side view (right); front look (left) 
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The machine then underwent operation test in order to observe whether the machine works as designed. The test 
has been carried out by using PET bottles as the sample of plastic waste materials. The test was carried out in rotation 
speed of 450 rotation per minute (rpm) without loading. During the shredding process, the speed was decreasing into 
approximately 350 – 380 rpm due to the loading on the rotating blades. The test showed the machine works well. 

The short testing indicates the machine may have the production capacity of 14 kilograms shredded plastic 
materials from PET bottles within an hour. This production capacity is considered as low capacity because of a little 
amount of plastic waste as the sample. It caused the plastic waste was unable to be shredded well so that the waste 
was also difficult to go down from the filter unit. The shredded plastic in the filter unit was supposed to be driven by 
new plastic waste, however, adding the flowing water into shredding chamber from upper casing inlet was also helpful 
to drive the plastic waste out from the machine. 

 

5. Conclusions and lesson learned 

The design and fabrication of plastic waste shredding machine has been carried out in order to supply the feedstock 
of pyrolysis process of the waste. The capacity production of the machine depends on the thickness of the plastic 
waste. The shredding machine has complementary functions with the pyrolysis machine, however, both of them serve 
for campaign or education purpose on the waste recycle activities. The operational experience indicates that diesel 
engine emits exhaust fumes and more noise compared with that of electric motor as the knife mover. The exhaust 
fumes and noise are not convenient for in-door operation since some of the waste banks are located in-door.  
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