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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 

The developments in electric vehicles (EVs) are driven by the agenda of cleaner and more efficient transport. The manufacturing 
cost of EVs are higher than that of internal combustion engine vehicles (ICEVs) mainly due to cost of batteries. The fuel economy 
of EVs are much better than ICEVs when measured by kilometers per unit of energy consumed, but the total mileage of EVs are 
much lower than that of ICEVs on a full-tank or full-charge. With the current state of developments in technology and infrastructure, 
the total vehicle cost of an EV is much higher than that of an ICEV. In the case of Singapore, vehicles are also subject to the 
Certificate of Entitlement, which restricts the lifetime of a vehicle to a maximum of ten years from the date of registration. Vehicles 
sold in Singapore are also subject to tax/rebate on the basis of the Carbon Emission-Based Vehicle Scheme (CEVS). In this study, 
we attempt a challenging question whether there is a business case for EVs in the absence of policy support. This paper presents 
our preliminary findings based on the cost of vehicle ownership in Singapore under the current policy environment.  
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1. Introduction 

The developments in electric vehicles (EVs) are driven by the need for cleaner and more efficient transport. The 
manufacturing cost of EVs are higher than that of internal combustion engine vehicles (ICEVs) mainly due to cost of 
batteries. The fuel economy of EVs are much better than ICEVs when measured by kilometers per unit of energy 
consumed, but the total mileage of EVs are much lower than that of ICEVs on a full-tank or full-charge, again 
constrained by the energy density of current battery technology. In addition, the time taken to fully charge an EV is 
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much longer than that to refuel an ICEV. Constrained by the physical bottleneck in electric energy storage 
technologies, installation of dedicated chargers for EV owners at home and office is almost absolutely necessary. As 
such, it has been shown that EVs are cost-disadvantaged compared to ICEVs.  

In many large cities, reining the growth of vehicle population to ease road congestion is critical. In Singapore, the 
city state imposes a heavy levy, named Certificate of Entitlement (COE), to all vehicles registered in the country, 
including EVs. The COE has demonstrated an effective measure for controlling the growth of vehicle populations in 
Singapore without affecting tax revenues from the private transport sector. As shown in Fig. 1 (figure drawn based on 
data published in [1] and [2]), the sharply rising COE premium between 2009 and 2012 has substantially restricted the 
growth in vehicle population. In response to the need for cleaner private transport for cities, a study is conceived to 
explore possible avenues to improve the economic competitiveness of EVs without damaging the tax revenues. This 
paper presents some preliminary findings of this study in the context of Singapore. 

 

 

Fig. 1. (a) private vehicle populations in Singapore from 2006 to 2016; (b) annual average COE premium. 

 
Nomenclature 

ARF additional registration fee 
CAPEX capital expenditure 
CEVS carbon emission-based vehicle scheme 
COE certificate of entitlement 
EV electric vehicle 
GST goods and services tax 
ICEV internal combustion engine vehicle 
OMV open market value 
OPEX operating expenditure 
RF registration fee 

 

2. Singapore vehicle tax structure 

A complex tax structure is applied to all cars sold in Singapore (ref. [3]). First, the open market value (OMV) is 
assessed by the Singapore Customs, taking into account manufacturing, freight, insurance and all other costs incidental 
to the sale and delivery of the car from country of manufacture to Singapore. Next, a flat S$140 registration fee (RF) 
and an additional registration fee (ARF) pegged to the OMV, and a goods and services tax (GST) are added to the 
OMV. Third, an exercise duty at 20% of the OMV is further added. Last and the heaviest tax, the COE is determined 
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through a bidding exercise is added to make the final purchase price of the car by a prospective owner. The bidding 
exercise is grouped into two categories, namely category A for engine capacity of 1600 cc and below and B for engine 
capacity of larger than 1600 cc. Singapore has further adopted a carbon emission-based vehicle scheme (CEVS), which 
gives a rebate or surcharge to the total purchase price of a car. In addition to the purchase price, car owners pay for 
fuel and maintenance during the service life of a car, which is restricted to 10 years in Singapore. EV owners may also 
need to pay for the installation of EV charger at home and/or office. Table 1 presents a typical cost breakdown for the 
purchase price of private cars based on the price information of 305 models of ICEVs, currently on sale in Singapore 
[4].  

Table 1. Typical cost breakdown of vehicles sold in Singapore in March 2017 (Unit: 2017 Singapore Dollars). 

Vehicle make 
and category 

OMV GST & 
Exercise Duty 

RF ARF CEVS (Rebate)/ 
Surcharge 

COE (March 
2017 1st Bidding) 

Total Cost 
(Capital Cost) 

European 
(Category A) 

22611 6422 140 23889 (9392) 50789 94459 

European 
(Category B) 

49295 14000 140 64565 (402) 53300 180899 

Japanese 
(Category A) 

17917 5088 140 18188 (4678) 50789 87445 

Japanese 
(Category B) 

30474 8655 140 34834 597 53300 128000 

Korean 
(Category A) 

16523 4692 140 16576 0 50789 88719 

Korean 
(Category B) 

24421 6936 140 26219 (2885) 53300 108131 

USA 
(Category A) 

17437 4952 140 17437 (4923) 50789 85833 

USA 
(Category B) 

25528 7250 140 28604 5000 53300 119821 

EV Tesla 133840 38010 140 212912 (30000) 53300 408202 

EV Japanese 39137 11114 140 46791 (30000) 50789 117971 

EV European 40547 11515 140 50188 (30000) 53300 125690 

EV Chinese 39986 11356 140 47980 (30000) 50789 120251 

 
The OMV of EVs is currently not available as they are not sold to private vehicle owners in Singapore. In this 

study, the OMV of EVs is assumed to be the manufacturing cost in the country of production together with freight 
and insurance cost for transportation to Singapore. The total upfront cost of EVs is calculated using the same tax 
structure for ICEVs since EVs receive no policy support in Singapore as of May 2017. EVs are also categorized based 
on the country/region of origin. The total upfront cost of cars (including EVs and ICEVs) is calculated as the addition 
of OMV, taxes and excise duties, additional road tax, emission rebate, registration fee, and certificate of entitlement, 
subtracting a discounted scrap value. The upfront cost of cars is subsequently referred to as the capital expenditure 
(CAPEX) for the vehicle. Annual payments, such as road tax, insurance cost, and annual maintenance costs are 
referred to as operating expenditure (OPEX) for the vehicle. All cars incur running cost or fuel cost over the lifetime.  

3. Total cost of private vehicle ownership 

The total cost of car ownership is calculated based on assumptions on fuel and regular maintenance costs. This 
study assumes a constant fuel price of S$2.10 per liter (Source: Shell petrol station in Singapore) and electricity price 
of S$0.20 per kWh (same as Singapore’s electricity retail tariff). There could long-term fluctuations in fuel price, but 
the fluctuation is not expected to have a significant impact on fuel price as majority of the fuel price is government 
tax. The grid electricity tariff (approximately S$0.05 to 0.06 per kWh) is much lower than the retail electricity tariff, 
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