
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 

The macroscopic characteristics of Hydrotreated vegetable oil (HVO), a renewable biodiesel, were investigated by both experi-
mental and numerical approaches in this paper. The experiment on spray of 0.6ms injection duration was conducted in a constant 
volume vessel (CVV) at 1800 bar common rail pressure, 70 bar ambient pressure and 100℃ ambient temperature, and the nu-
merical work with the Wave breakup model and RNG k-ε turbulence model was done on a corresponding 2D geometric model at 
the same condition. The results indicated that the spray tip penetration grew with a decreasing tip velocity and the cone angle 
increased gradually after a dramatic growth and slight drop. Moreover, the prediction of numerical method, when used in con-
junction with experimental studies, was proven effective in elucidating the macroscopic characteristics of HVO spray. The error 
between the predicted spray tip penetration and the experimental one was no more than 4% except that within 0.2ms flow time 
after SOI. In addition, the predicted cone angle was in similar trend to the experimental one and the error was within 10% after 
0.2 ms. 
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1. Introduction 

Hydrotreated vegetable oil (HVO) is the mixture of paraffinic hydrocarbons with high cetane number and 
absence of aromatics, sulphur and oxygenates benefiting to better engine performance and reduction of emissions. 
Meanwhile, unlike ester-based biodiesel fuels, it also has no problems such as deposition, poor storage stability and 
poor cold properties, which makes it a superior sustainable biodiesel fuel [1, 2]. Therefore, some researches have 
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been done on the application of HVO [3] as a renewable energy source for vehicles. Lehto et al. [4] compared the 
NOx and smoke emissions of HVO with diesel fuel EN590 in a single-cylinder engine with 30% EGR and found 
that HVO produced lower smoke emissions and enabled higher EGR than diesel fuel. Liu et al. [5] investigated 
HVO blends with diesel fuel at high EGR rate and reported increased soot emissions caused by the higher 
combustion temperature of HVO blends. Singh et al. [6] also studied the emissions and fuel consumption of a heavy 
duty diesel engine fuelled with HVO and found the particulate matter, carbon monoxide, unburnt hydrocarbon and 
brake specific fuel consumption (BSFC) were all lower than diesel fuel. Nevertheless, these investigations of HVO 
were about the engine performance, and no detailed spray characteristics were mentioned. 

As known, spray characteristics of liquid fuels influence the performance of combustion in engines, and finally 
determine the level of pollutant emissions. Therefore, the spray characteristics are important factors to evaluate the 
quality of a renewable fuel for engine application. Accordingly, Thomas et al. [7] did experiments on the spray of 
several biofuels including HVO in a constant volume vessel (CVV) and found HVO had shortest penetration and 
largest cone angle. Besides, a modified empirical equation was also developed for the prediction of the length of 
spray penetration. To explore a more detailed numerical approach on liquid fuel spray, Battistoni and Grimaldi [8] 
adopted the Wave model in a CFD simulation to predict the macroscopic spray characteristics of several biofuels. 
The result proved good prediction of Wave breakup model [9] for spray tip penetration, but HVO was not studied in 
this work. Meanwhile, Gong et al. [2] tested the spray properties of HVO at both non-evaporating (room 
temperature) and the evaporating (high temperature) conditions via RANS and large eddy simulation (LES), and 
found HVO produced similar droplet size and spray tip penetration to diesel fuel at room temperature but slightly 
smaller ones than diesel at high temperature. However, both RANS and LES strongly depend on high-performance 
hardware and are too time consuming, and the spray cone angle was not mentioned in this study.  

As a promising renewable energy source for diesel engines, HVO has not been fully studied on its spray 
properties. Meanwhile, the spray characteristics of HVO also need cheaper and more convenient numerical methods 
to investigate. Therefore, the main macroscopic spray characteristics of HVO would be studied by a numerical 
approach with the Wave breakup model and the corresponding experiment would also be done in a CVV to validate 
it in this paper. 

2. Experiments 

2.1. Apparatus 

The experimental 
system consists of a fuel 
delivery system, a 
constant volume vessel 
(CVV), a monitor and 
control system and optical 
diagnostic devices, as 
shown in  Fig. 1. The 
common rail in the fuel 
delivery system can 
provide up to 1800 bar 
fuel pressure. The CVV 
has an internal volume of 
5.65 litres and four 90 mm viewing size silica windows 90° apart from each other. With an external 4.5 kW ceramic 
band heater on the wall and an external LAUDA Integral XT 150 chiller to cool down the windows and pressure 

 Fig. 1. The experimental system 
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