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1) Introduction
In February 2021, Singapore Government announced its plans to increase the number of
Electric Vehicle (EV) charging stations (CS) to 60,000 by 2030. While the plan to accelerate
the adoption of EVs is to be lauded, the Government did not provide the basis of its 60,000
CS projection and the distribution of these CS across Singapore. As a result, concerns were
raised in the parliament that the Government may be “over-building” CS by 2030 (Tan,
2014).
Currently, there are no published studies of EV adoption in Singapore based on innovation
diffusion models. Hence, this study aims to utilize the Bass Diffusion Model to project the
number of CS required in Singapore in 2030 and Graph Theory’s Dijkstra’s Algorithm to
distribute the CS optimally.
1.1 Research Questions
Question 1: Which diffusion model can be applied to project Singapore’s EV population and
CS requirements?
Question 2: What is Singapore’s EV and CS population in Year 2030 based on the selected
diffusion model?
Question 3: What is the optimal distribution of CS in Singapore based on charging demand
using Poisson distribution?
Question 4: How can residents in Singapore find the nearest charging station around them?
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2) Literature Review
Gnann et al. (2018) compared 40 EV market diffusion models from 16 countries which were
published after 2010. Studies done for the Singapore EV market are glaringly missing.
The Bass diffusion model remains the predominant model for adoption study due to the
simplicity of the model and the ability to generalise the model for various products (NZ
Transport Agency (2018)). A number of transport studies have also deployed the Bass model
successfully (Massiani and Gohs, 2015). This study will utilise the Bass model for projecting
Singapore’s 2030 EV and CS population.
According to Zhang (2019), the number of EVs that come to recharge each day satisfies the
Poisson distribution while the charge of a single electric car meets the normal distribution.
Using these distributions, CS numbers and installation can be planned for specific subzone.
Dijkstra’s algorithm can be used to determine the shortest distance between nodes in a graph
and therefore is useful for the study to find the shortest path between CS. Studies have also
provided methods to find the shortest path to complicated networks (Akram, 2021).
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3) Methodology
3.1 Bass Model Parameter/Coefficients Estimation
The Bass model is a Riccati differential equation with constant coefficients that describes the
process of how new products get adopted in a population (equation 1). The model presents a
rationale of how current adopters and potential adopters of a new product interact.
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Rearranging the equation above:
6
/" = 0 + 12"34 + 52"34

Using the set of three regression coefficients (0, 1, 5), it is possible to identify the set of three
Bass Model parameters (', -, 8).
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To estimate p and q, the regression equation above can be estimated using analogous
products or other markets that have similar features to the new product. The M (market
potential) for Singapore is projected to be 650,000 EV in 2050 based on the current car
growth rate and the Government’s intention to have only clean-energy cars for sale from
2030.

3.2 Adoption Curve based on Bass Model
Using the estimated p and q, the EV Bass adoption curve similar to the below can be
produced:
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3.3 CS Requirements and Assumptions
With the projected 2030 EV population, the following assumptions are applied to calculate
the number of CS required in Singapore:

3.4 Distribution of CS
The estimated CS number from the Bass Model consists of two types: residential and nonresidential CS.
Using Shanghai’s CS percentage in public parking lots as a proxy for Singapore, this study
assumes 31% of the charging spaces are equipped with CS and the remaining CS are
residential stations distributed in HDB.

Regression analysis has also shown that the number of CS is only significantly related to
population.
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Therefore, the CS distribution for Singapore can be based on the below assumptions:
Number of non-residential charging stations ≥ 31% × Parking lots,
And
Number of residential charging stations ∝ Population density

Accordingly, the number of CS allocated to each subzone is given by:
CS = (:4 × <) + (:6 × '=' × >)
with:
:4 : Percentage of public parking space equipped with CS;
:6 : Average number of EV per capita;
<: Number of parking lots;
'=': Population in subzone;
>: Number of CS needed for each EV
For the above, the study will utilise Urban Redevelopment Authority (URA) carpark
distribution data and population density data in Singapore. 271 out of 300 subzones in
Singapore with adequate data are available for this research.

Shi et al (2020) discussed the number of cars arriving at a public car park (non-residential)
can be considered as a random variable subject to both Binomial Expansion and Poisson
distribution. Poisson distribution equation will be used to assess the availability of CS for
each Singapore subzone (see Appendix D).
3.5 Shortest Distance to CS
Graph Theory is applied to study the path to the nearest CS given a point in Singapore, and
Dijkstra’s Algorithm is used to find the shortest path.
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4) Results
4.1 Research Question 1
Given the advantages of using the Bass model for projecting EV adoption (Zhu et. al 2018)
and its wide use in the transport sector, this study will apply the Bass model to forecast EV
population in Singapore for 2030.
4.2 Research Question 2
The study examined analogous products such as diesel car and mobile phone adoption in
Singapore, and also overseas markets to estimate the Bass coefficients for Singapore.
Regression results are shown in Table 2 and Appendix B. Given the statistical significance
of the Singapore Diesel Car and Mobile Phone regressions, the study decided to use these
two results to estimate its average Bass coefficients.

The projections of EV in Singapore from 2020 to 2050 based on the Singapore Average Bass
coefficients are in Table 2 and Table 3:
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The EV population is projected to reach 520,201 in 2030 and hit the market potential of
649,720 in 2035. Given the push to sell only green energy cars from 2030 and the push to
adopt EV in 2021, it is entirely possible to only have EV in Singapore from 2035.

Based on the assumptions in Table 1, Table 4 shows the number of CS required for Singapore
in 2030 is 94,828.

10

11

4.3 Research Question 3
4.3.1. Distribution of CS
Based on Section 3.4, Python is used to fetch and calculate the number of CS in each
subzone. OpenStreetMap API is used to find the coordinates of each parking and subzone,
and Tableau to plot the graph of the non-residential and residential CS distributions (Figure 3
to 5). The result data can be found in Appendix C.
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By merging Figure 3 & 4, the combined distribution of CS is shown in Figure 5.
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4.3.2. Availability of CS in subzones
Based on derivation in Appendix D, Cumulative Poisson Probability is used in the study to
get the probability !(# ≤ %) that # number of CS will be larger than the demand ', meaning
that no cars need to wait for the CS if they need in each subzone:.
*

!(# ≤ %) = )
+,-

'+
× 0 12
%!

Accordingly, the probability that the CS in a subzone for charging can exactly satisfy the EV
that comes to charge is calculated using Python and plotted by Tableau:
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4.4 Research Question 4
Based on the CS distributions, the study then employed Graph Theory and Dijkstra algorithm
to determine the shortest path for an EV. The detailed steps taken are listed in Appendix E.
As an example, at starting point location of (1.2849587, 103.813504,17) and the estimated
CS location (1.2910574,103.823168), applying the Dijkstra’s Algorithm provides the shortest
distance as 2.047km (Figure 7) , while Google Maps gives the results as 2.1km (Figure 8).
As the two give different paths, Dijkstra's algorithm provides the shortest path.
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The algorithm in Appendix E can be replicated using any starting and CS distribution
locations to find the shortest path.
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5) Conclusion and Limitations
The number of charging stations required in 2030 is projected to be higher than Singapore’s
plan of 60,000. The government may consider accelerating the CS deployment to ensure the
shortfall will not impact EV demand in 2030.
The 94,828 CS projected can be distributed using URA subzone data by dividing them into
residential and non-residential uses. A combination of Binomial Distribution and Poisson
distributions is used to evaluate the availability of CS for EV in this subzone. With the use of
distribution maps, the path to the nearest CS can be determined using Graph theory and
Dijkstra’s algorithm.
The limitations and extension of the study are:
1) The Bass coefficient estimations can be more accurate with better/wider data
collection and/or conducting a survey to determine buyers’ adoption of future EV;
2) Efficiency of CS is assumed to be constant through the years with no improvement or
degradation. Any change to the efficiency will impact the number of CS required.
3) Application of other algorithms such as novel search algorithms or multi-objective
optimization models can be applied for better understanding of CS distribution in
Singapore.
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Appendix A: Data Sources
The data for this research were collected from the following sources:
1) Land Transport Authority:
a. Motor Vehicle Population by Type of Fuel Used from 2001 to 2020
b. https://www.greenplan.gov.sg
c. https://www.lta.gov.sg/content/ltagov/en/industry_innovations/technologies/el
ectric_vehicles.html
2) Data.gov.sg:
a. Household projections
b. White goods penetration in Singapore
c. Annual Mileage Per Car
3) World Bank Data
a. Mobile phone historical penetration numbers from 1998
4) Urban Redevelopment Authority
a. Availability of car parks: https://www.ura.gov.sg/maps/api/#car-parkavailable-lots
b. Zones:
i. https://data.gov.sg/dataset/master-plan-2019-subzone-boundary-no-sea
ii. https://www.ura.gov.sg/maps/?service=demographics
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Appendix B: Regression Results for Calculation of p and q
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Appendix C: Data for CS Distribution
As the data for the detailed charging station distribution in each subzone is very large, links
will be provided for further reference.
1.

Residential CS distribution by population: https://github.com/sileneer/pw2021/blob/master/distribution/population_distribution.json
The data will be in the format of:
Label of subzone

2.

Population

Latitude

Longitude

Number of CS

Non-residential CS distribution by carpark:
https://github.com/sileneer/pw-2021/blob/master/distribution/carpark_distribution.json
The data will be in the format of:
Name

3.

Coordinates

Count (of
parking
lots)

Latitude

Longitude

Number of
CS

Subzone

Overall CS distribution in subzones and the corresponding Poisson Probability:
https://github.com/sileneer/pw-2021/blob/master/distribution/cs_in_subzone.json
The data will be in the format of:
Name (of subzone)

Population

Number of CS

Latitude

Longitude

Poisson

The codes to fetch and process data from online sources are also provided in the following
repository: https://github.com/sileneer/pw-2021
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Appendix D: Poisson Distribution for CS in Each Subzone
Shi et al (2020) discussed the number of cars arriving at a parking lot in a public area (nonresidential) can be considered as a random variable subject to Poisson distribution with
probability distribution defined by:
'+ × 0 12
! (# = % ) =
(% = 0, 1, 2, … , #)
%!
where # is the actual number of CS available in each subzone and ' is the theoretical CS
needed for a given population in this subzone.
By Binomial Distribution, in time 8, given 9 is the probability that each car is able to charge
as soon as come, and % is the number of CS needed when all cars in this subzone come,
dividing the 8 into infinite n parts, the probability ! that all cars are able to charge is given
by:
B
! = lim A C 9+ (1 − 9)>1+
>→@ %
Given ' as the expected CS needed,
B +
B ' +
' >1+
>1+
! = lim A C 9 (1 − 9)
= lim A C E F E1 − F
>→@ %
>→@ %
B
B
Upon expanding,
B ' +
' >1+
! = lim A C E F E1 − F
*→@ %
B
B
B(B − 1)(B − 2) … (B − % + 1) '+
' >1+
= lim
× + E1 − F
>→@
%!
B
B
'+ B B − 1
B−%+1
' 1+
' >
× ×
× …×
× E1 − F × E1 − F
>→@ %!
B
B
B
B
B

= lim
As

B B−1
B−%+1
' 1+
lim ×
× …×
× E1 − F = 1
>→@ B
B
B
B
and
' >
lim E1 − F = 0 12
>→@
B
Hence,
! (# = % ) =

'+
× 0 12
%!
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Appendix E: Steps for Application of Dijkstra’s Algorithm
The following steps were applied to determine the nearest CS for Singapore EVs.
1. Model the map:
a. Given a point on the map, follow the road until finding the crossing and record
the distance between the point and the crossing.
b. From each crossing, follow the road until finding the crossing, and record the
distance between the previous crossing and the next crossing.
c. Repeat this process until we have searched all the crossings in a certain range
2. Apply Dijkstra’s Algorithm:
a. Mark every node as unvisited.
b. Find the unvisited node connected with the starting point. Calculate the
distance to each node passing through the current node, and record the
smallest distance and node.
c. Update the smallest distance to its neighbouring nodes from the starting point,
and mark the current node as visited
d. Repeat this process until all the nodes are visited. The shortest path is the
recorded nodes.
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