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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 

Electric vehicles are driven by traction motor with intermittent load characteristic. The use of appropriate batteries type is a 
crucial factor resulting in energy consumption, battery sizing and vehicle design. This paper focuses on the comparison of energy 
consumption of the electric vehicles in three different energy storage systems consisting of lead-acid battery, lithium-ion battery 
and hybrid energy storage system (HESS) incorporating with lithium-ion battery and ultracapacitor. The mathematical approach 
is used to simulate three route vehicle movement which are i) New York city cycle (NYCC), ii) UN/ECE reg. 83 or extra-urban 
driving cycle and iii) field measured driving profile in Bangkok. Sequential quadratic programming (SQP) is employed to find 
optimal weights of the energy storage system. The simulation results were consistent for all three routes. The lead-acid battery is 
heaviest weight but highest energy recovery from the regenerative braking and the energy consumption is greatly different from 
the others. 
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1. Introduction 

Nowadays, the energy storage system plays important role in electric vehicles. The batteries are still the main 
energy source for electric vehicles. Due to its high specific energy compares to other energy storage devices as 
illustrate in [1-6]. A number of life cycles and specific energy are more technologically advanced. However, there 
seem an inadequate power density to supply the intermittent traction loads with suddenly high power requirements. 
The batteries are not appropriate to be charged or discharged as suddenly as ultracapacitors. It also has a shorter 
lifespan than ultracapacitors, especially when it uses with high current. Overcharging and overdischarging may 
cause of over temperature and safety issue. To supply the fluctuated load, the batteries of electric vehicles seem to 
be oversizing design. 

The main study presented in this paper aims to compare the study of energy consumption for electric vehicles 
with three differents on-board energy storage systems. The NYCC is the driving information in New York city 
cycles route, USA, where vehicles run at low speeds and also stop and accelerate frequently. NYCC is used as a test 
route 1 in this research. Test route 2 and 3, in which UN/ECE reg. 83 is applied to represent in extra-urban driving 
cycle route and a bus transports of the Provincial Electricity Authority (PEA) employees to work, are PEA 
headquarters-Samakkee road route, respectively. Besides, the speed profile of the test routes and altitudes obtained 
from the global positioning system (GPS) is used to estimate a gradient. Three different types of energy storage 
system, including lead acid, lithium-ion and hybrid energy storage system incorporating with lithium-ion battery and 
ultracapacitors are compared. Energy storage weight optimization is applied under regenerative braking condition. 
Finally, the lead-acid battery, lithium-ion battery, and lithium-ion battery-ultracapacitors hybrid storage system 
(HESS) have been used in the simulation for each route and their important parameters were compared.   

This paper organizes a total of five sections. Next section, Section two, illustrates the brief of traction 
performance and vehicle movement simulation. Section three gives the optimal energy storage weight calculation. 
Section four is the section describing simulation results and discussion. Conclusion remark is in the last section. 

2. Traction performance calculation 

In this section mathematic modeling is applied to describe characteristics of vehicle movement and to find the 
power consumption of electric vehicle. The vehicle mechanical power consumption by tractive force multiplying 
with velocity is described in (1). 

vFP tv =        (1) 

 
 Where     vP is vehicle’s mechanical power consumption 

       v  is vehicle’s velocity 
     tF  is vehicle’s tractive effort 
 

 
 
 
 
 
 
 
 
 
 

Fig. 1. Free-body diagram of a vehicle on a gradient. 
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Suppose that a vehicle of mass vM  is on a slope making an angle α  to the horizontal as shown in Fig. 1, the 
vehicle motion is opposed by various forces, e.g. aerodynamic drag )( adF , gradient force )( rgF , and rolling 

resistance force )( rrF .[3,7] By applying Newton’s second law, the dynamic equation of vehicle movement is 
expressed in (2), where a  is an acceleration and accF is an acceleration force [3]. 

dt
dvMaMF vvacc ==       (2)  

The total tractive effort of the vehicle is expressed by (3) 

accrgadrrt FFFFF +++=      (3) 

From (1) and (3) yield (4) 

( )accrgadrr
t

e FFFFvP +++=
η

     (4) 

Where eP is the electric power consumption and tη is a total efficiency [8, 9]. 

3. Optimal energy storage weight calculation 

Lead-acid battery (Pb) is favourite battery in the vehicle market. It is a widely used energy storage device in the 
automotive industry and in other applications. The advantage of this battery is cheap and high power capacity. 
However the lead-acid battery have some disadvantages, such as heavy weight due to specific power and specific 
energy are too low. Lithium-ion battery (Li-I) is high both specific power and specific energy compared with Lead-
acid battery. Ultracapacitor is the highest specific power and fast respond charging and discharging but lack of 
specific energy. Consequently, it may be a good choice to incorporate lithium-ion battery and ultracapacitor together 
or hybrid energy storage system (HESS)  

In order to optimise the weight of an energy storage system using the sequential quadratic programming (SQP) 
[11]. The objective function is shown in (5), 

( ) ( )Dregenchw
EEnEWEwf −++= )(min 0     (5) 

Where bc WWW +=  and 0E  is the initial energy in an energy storage system, DE is the required tractive energy 
of an electric vehicle, regenE is the regenerative braking energy, chE  is the electrical energy obtained from wireless 

charging, cW and bW are the weight of a ultracapacitor and a battery, respectively.[3,7,10]  
To prepare the data for an optimisation process under a regenerative braking energy condition. The limit of the 

weight of an energy storage system is considered as a mass factor (MF) of less than 3.26 and acceptable tolerance of 
less than 10-4. The MF can be calculated by equation (6). 

( ) tareESSloadtare MMMMMF ++=     (6) 

Where tareM  is the tare mass of an electric vehicle, loadM  is the payload of an electric vehicle, and ESSM  is the 
mass of an energy storage system. 
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