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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

With the increasing of electric vehicles (EVs) users, a large amount of reserve charging infrastructure have to be
deployed in distribution systems to the uncertain charging demand, which may lead to redundant investment. In
order to reduce unnecessary investment and optimize the plan of charging station and distribution network, a multi-
objective planning model is proposed. The objectives of planning model include the benefits of both distribution
network and EV user. The proposed method has been verified on a modified 54-bus distribution and 19-node road
system. The results shows that the proposed model can give collaborative plan, and ensure the benefits of both the
distribution side and user side.
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1. Introduction

With more research and incentives on EVs, people are supposed to break the dependence on oil and have a
greener way to travel [1]. However, charging service network is urgently developed to meet the needs of user side,
and the corresponding charging stations and distribution network should be developed appropriately [2]. Therefore,
a collaborative planning model considering the increasing charging demand and balancing the benefits of
distribution network and EV user is of much significance.

Nowadays, many research have been devoted to analysing how modern power system can be developed to
adapt EV charging demand. Planning and operation of charging stations are introduced in [3-4], without considering
the constraints of distribution system. Taking distribution constraints into consideration, [5-6] analyse the effect of
charging load on distribution networks. Based on above considerations, collaborative plan methods for distribution
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networks and charging service networks are proposed in [7-8]. Besides, as charging demand is not static, the
benefits of distribution side and user side are supposed to be satisfied over time. The innovation and the main
contributions of this paper are the following:

A multi-objective planning model is proposed, which considers the benefits of both distribution system and EV
user. For the distribution network operators, when deploying charging stations and associated infrastructure, the
connection cost and reinforcement are considered. For EV users, travel distance, travel time and charging price are
taken as their main benefits.

2. Demand analysis of fast charging infrastructures

2.1 Charging load forecasting

Based on improved Voronoi diagram the study district is divided into several parts. Each of the part has its
mainly load characteristic and its corresponding load template (commercial, residential and industrial). The number
of EV is estimated based on the factors including penetration rate, increasing rate, household EV ownership, and
number of households [2], the exact number of EV in each plan year and its charging demand and charging plies are
given in Appendix Table I. Other sample parameters, namely, charging mode classification and charging demand
proportion of different EV are given in Appendix Table II and Table III. The forecasting results and corresponding
underlying factors are shown in Fig. 1.

Fig. 1. Charging demand forecasting and corresponding data

2.2 Number of charging infrastructures

When doing infrastructures forecasting, the regular and slow charging demand are input as base factors. The
fast charging demand is the main part that considered when planning charging stations and setting associated
facilities. In equation (1), tQ is the demand quantity of  type fast charging piles for studied district in t year.
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where  is redundancy (0.05), day
UCD is the beginning value of the year; PR is the rated charging power of

charging piles, and PR RC PV   , which are rated charging current and rated charging voltage; dayT and VR are
the day available hours and vacancy rate of pile  . The calculation demand results of the plan district are given in
Appendix Table I.
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