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Abstract— The objective of this paper is to predict the market penetration rate of Plug in Electric Vehicles (PHEVs) in 
Ontario in the future using an agent based approach. An agent based model was created to conduct the study and simulate 
different scenarios on NetLogo. Different factors were chosen and analyzed, based on their interaction with each other. The 
influencers on the agents, the consumers, are the vehicle manufacturers, the government and fuel prices. Historical data was 
obtained to define the attributes in the model and to make the results more realistic for Ontario. Different cases were studied 
to determine the sensitivity of the model to changing attributes. The objective of this paper is to present preliminary results 
on the base case (current scenario).  

 
Index Terms— Agent based simulation, NetLogo, plug-in hybrid, market penetration, socio-economic impact, Plug in 
Electric vehicles (PHEVs). 
 
I. INTRODUCTION 
 
Plug in Hybrid Electric Vehicles (PHEVs) are a new 
technological innovation of automobiles. They consist 
of a dual engine: an internal combustion engine (ICE) 
and an electric engine. A PHEV runs on electricity 
and gasoline, instead of exclusively gasoline. PHEVs 
contain a large rechargeable battery that can be 
recharged at one’s home, or at a charging station. This 
innovation causes a reduction in CO2 emissions. These 
types of vehicles will also help reduce harmful 
emissions to the environment. PHEVs offer many 
benefits to consumers as well as to the environment. 
These include, decreased gasoline consumption, a 
better fuel economy, reduced emissions, and represent 
an overall cheaper way to drive. A possible additional 
benefit is the ability to sell electricity to the grid, 
(Vehicle to Grid). Consumers can sell some electricity 
to the grid, from the battery of their PHEV, during 
peak times and recharge their PHEV during off peak 
times. The benefit to Vehicle to Grid (V2G) is that it 
is possible for consumers to run their vehicle at no 
cost. However, there are a few limitations with 
PHEVs, but as technology progresses these 
limitations should be reduced.  
 
In this paper a framework based on agent based 
simulation to predict the number of PHEVs in the 
future is presented. From the results we obtain, there 
will be a possibility to conduct future research on the 
electricity consumption from these vehicles. This 
would allow electricity companies to identify how 
much additional demand of electricity there will be in 
the future due to the integration of PHEVs. From 
these findings, they will be able to gauge if their 
current infrastructure is enough, or if they will be 
required to expand it, along with producing more 
electricity in the future. 
 

 
This paper is organized in the following manner. In 
the subsequent section, we discuss work that has been 
completed by other researchers and how it relates with 
our work. In the third section, we discuss the 
formulation of the Agent Based Model, including 
assumptions made regarding the PHEV market in 
Ontario. The fourth section presents the results of the 
simulation. The fifth section, is a conclusion of the 
work completed in this paper. Additionally, the 
limitations with the study are discussed, along with 
future research that can be conducted regarding 
PHEVs in Ontario. 
 
II. LITERATURE REVIEW 
 
Utilizing agent based modeling to simulate the effects 
of demand-oriented policies and other considerations 
on consumer purchase decisions is a common 
approach used by many investigators. A study by Wolf 
et al. [1] on the penetration rate of electric vehicles in 
Berlin, Germany used agent-based modeling, coupled 
with artificial neural networks, to determine impact of 
social norms, transportation preferences, and 
government policy on consumer vehicle purchases. 
Similarly, a study by Choi et al. [2] analyzed the 
impact of subsidies, tax incentives, and prices on 
PHEV adoption in Korea through an agent based 
simulation approach. 
 
A study done by He et al. [3] looked into social 
influences and the effect of homophily when making 
green vehicles purchase decisions. The authors did not 
consider environmental consciousness nor media 
influences on individuals, however. Not all papers take 
into account environmental consciousness or social 
influence (Ahmadi, et al., [4]). The approach 
introduced by Eppstein et al. [5] took into account 
media influences and conformance effects. We extend 
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upon the latter work to provide a novel agent-based 
prediction for PHEV penetration in Ontario, Canada. 
 
III. AGENT BASED MODEL  
 
In order to predict the penetration rate of PHEVs in the 
Ontario market, an agent-based model is created and 
simulated on NetLogo. The model has a single agent 
type, a population of vehicle consumers who buy and 
sell vehicles for the period of the study. The 
population is assumed to be static in size, as increase 
in population was found not to yield a noticeable 
impact on the simulation results. A further assumption 
made with regards to the population of agents is that 
their income levels and locations, thus social networks, 
are also assumed static. Additionally, driving patterns 
and rationality when computing fuel consumption 
costs are also considered fixed properties of agents.  
The simulation runs on a yearly basis, where at the 
beginning of every year average fuel and electricity 
price are computed based on historical Ontario data 
(GasBuddy [6]  and Ontario Energy Board [7]). 
Additionally, a value for average media coverage of 
environmental issues is randomly generated. This 
value accounts for global warming, pollution, oil 
spills, or job security topics covered in the media 
which can influence the agents’ environmental 
consciousness, and thus their attitude towards PHEVs. 
 
A. Agent Properties 
The individual agents all have the following 
properties: income (I), vehicle miles travelled per year 
(vmt), importance of heuristically perceived benefits to 
fuel efficiency (E), degree of importance of social and 
media influence on decisions (S), vehicle class 
preferred, and rationality when considering car 
operating costs (R). A public opinion research by a 
PollutionProbe shows that 50% of recent car 
purchasers valued environmental impact as an 
important consideration when purchasing a new 
vehicle [8]. This consideration is modeled in the 
attribute E, a property which varies depending on 
simulated media events and social interactions and 
accounts for the importance of environmental 
consciousness and other non-financial considerations 
when purchasing vehicles. The same research also 
shows that fuel efficiency was considered very 
important by 62% of consumers. However, research by 
Turrentine and Kurani [9] shows that many households 
may irrationally consider fuel consumption costs. 
Each agent has a number of other agents that are 
considered part of its social network. The social 
network is assumed to be based on proximity in 
location alone, and degree of influence on vehicle 
purchase decisions are indicated in the next section. 
 
B. Vehicle Options 
Due to no justification for a more complex model, 
available vehicle options are limited to 6, 3 internal 
combustion engine (ICE) options and 3 plug-in hybrid 

electric vehicles (PHEV). The 3 options of each fuel 
type are averages of popular vehicle properties for the 
three most common vehicle classes: compact, midsize, 
and SUVs. The ICE options were aggregated from the 
list of most popular cars for each class in Canada on 
CarCostCanada [10]. The PHEV options were 
aggregated from the list of vehicles eligible for 
Ontario's EV Incentive Program [11]. The car options 
of each fuel-type are assumed identical to their same 
vehicle class counterparts except for cost and fuel 
consumption. 
 
C. Simulation Steps 
As mentioned previously, the simulation updates at the 
beginning of every year average yearly fuel and 
electricity prices, as well as average media focus on 
current events that could influence environmental 
consciousness or fuel consumption (M). Similar to the 
approach undertaken by [5], media events and social 
influence are used to dynamically adjust E levels for 
each agent. The first step would be to update the 
agents’ E parameter based on media focus (M) and 
degree of susceptibility to social influences (S) for 
each agent using (1). 
							퐸	 = 	퐸	 + 		(푀	 − 	퐸) 	∗ 	푆                              (1) 
The equation ensures that the agents’ E level is edged 
closer to that perpetuated by the media according to 
degree of susceptibility to the media’s influence. 
Moreover, social networks of each agent are used to 
adjust E level. Peoples’ behaviors are influenced by 
interactions with people within social networks, with 
these influences tending to be towards conformance 
[12].  In order to mimic this impact in the simulation, 
agents’ E parameter is updated using (2), where each 
agent will move towards conformity to average E level 
of agents in the social network. The social influence 
level of the agent will used to control the change level.  
							퐸	 = 	퐸	 + 	(퐸 	 	 	− 	퐸) 	 ∗ 	푆                  (2) 
After updating each agents’ dynamic properties, the 
next step is to go through the car purchase decision 
process. The first step is to stochastically determine 
whether to purchase a vehicle this year. The Canadian 
Vehicle Survey [13] shows that the average vehicle 
age is 7 years, while a DesRosiers research [14] shows 
that a vehicle in Canada typically has 3 owners over its 
lifespan. Using these data, the probability density 
function of a normal distribution with a mean of 2.33 
is computed for each agent using the agent’s current 
vehicle age.  
 
The following step is to calculate the yearly cost of 
each vehicle option. The yearly cost is comprised of 
two components, ownership cost and operating cost. 
Ownership is assumed to be the car’s initial cost minus 
any applicable subsidies and the trade in value of the 
current vehicle owned by the agent, financed at an 
APR of 2.99% over 5 years. To determine the 
applicable subsidies, (3) was found by fitting the 
subsidies varying by battery size for vehicles eligible 
for Ontario’s EV Incentive Program [11].  
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The trade-in values were computed by fitting projected 
car values from the Canadian Black Book [15] for a 
typical car from each fuel type and class. Table 1 
shows the car value depreciation equations for each car 
option. 
After computing car ownership costs, the next step is 
to compute average yearly fuel and electricity costs. 
The first metric is the amount of gallons consumed 
yearly, computed in (4). This equation finds the 
amount of gallons consumed when driving on gas-only 
mode, so total miles travelled on gas-only mode is 
found then divided by the average miles-per-gallon for 
each vehicle. 

 
 

Table 1:  Vehicle Depreciation Equations 

 
  
Finally, the yearly cost is the sum of the ownership 
costs and the fuel consumption costs as given by (5). 
The fuel consumption costs are found by computing 
the electricity and fuel costs according to the average 
yearly dollars-per-gallon and dollars-per-kWh. Also, 
depending on the value of the binary rationality 
parameter, the fuel consumption costs are included in 
the yearly costs calculation for each car option. After 
computing the yearly costs for each vehicle option, 
any vehicle with a yearly cost greater than 20% of the 
agent’s yearly income is considered unaffordable.  

 
 
As mentioned previously, financial considerations are 
not the only deciding factors for agents when 
purchasing a new vehicle. The attribute E, which 
models the agents’ importance of heuristically 
perceived benefits to fuel efficiency, is used as a 
weighting factor for both financial and non-financial 
fuel efficiency related metrics as shown in (6).  

 
 
The financial metric uses the computed yearly cost in 
conjunction with the agent’s income level to determine 
a score for the vehicle based on financial 
considerations. Equation 7 shows how the financial 
score is computed, where the degree of importance of 
the yearly cost of a vehicle decreases as the agent’s 
income level increases. The financial metric value can 
only be between 0.8 and 1, as any vehicle with a 

yearly cost that is more than 20% of the agent’s yearly 
income is considered unaffordable in the previous step.  

 
The fuel efficiency benefits metric is used for the 
computation of non-financial benefits to fuel 
efficiency. To compute average fuel efficiency for 
each vehicle option, (8) is used. 

 
After computing each vehicle score, the vehicles with 
a matching class as that required by the agent and with 
a score greater than 0 are considered viable and the 
vehicle with the greatest score is selected for purchase 
that year. The agent’s current vehicle fuel type and age 
are then updated to reflect the new purchase. 
 
D. Agent Properties Initialization 
The simulation is meant to predict the penetration rate 
based on as close a population as possible to the 
Ontario population. As such, the agent characteristics 
were initialized based on surveys and publicly 
available statistics.  
Historical income data from Statistics Canada [16] was 
used to select the distribution which models individual 
income in Ontario population. By dividing the 
population into income brackets, and finding the 
number of people in each bracket, the following plot in 
Fig. 1 was found to model Ontario’s income 
distribution for 2012. 
 

 
Fig. 1: Ontario income distribution for 2012 

 
Through curve-fitting, a gamma distribution with an α 
value of 2 and a λ value of 0.00003333333 was found 
to yield an equation that approximately models the 
distribution. Every agent’s income is then a random 
sample from this distribution.  
Based on a survey conducted by the ecoEnergy 
initiative of Natural Resources Canada [17], the 
average miles traveled in a year by Ontario individuals 
is 16,000. A normal distribution with a mean of 16,000 
is created and sampled for each agent. Similarly, a 
normal distribution based on a mean of 0.16 was 
created and sampled to initialize the environmental 
consciousness importance factor, based on a public 
opinion research by PollutionProbe [18] which found 
that 16 % of individuals value environmental impact 
when purchasing a vehicle.  
The simulation assumes that all agents start with an 
ICE vehicle, as cars sales as indicated by 
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GreenCarReports.com [19] which shows that only 
about 10,782 PHEVs have been sold from 2011 till 
2015, meaning less than 0.15% of car sales have been 
PHEVs. The simulation also assumes that the vehicle 
class preferences amongst agents are equally divided, 
meaning that a third of the population desires each 
class. This simplification is due to the vehicle class not 
having an impact on the aims of the research. 
In this base case, the simulation is conducted 
regarding current world factors, along with current 
consumer behavior. We assume current gasoline 
prices, electricity prices, and subsidies offered by the 
Ontario Government. The objective of this base case 
scenario, is to replicate the current market situation, 
and to attain an insight on which factors have the 
largest influence on the penetration of PHEVs in the 
automobile market. 
 
IV. RESULTS 
 

 
Fig.2: Predicted penetration rate for different years 

 
The results of the penetration rate as a function of 
year, with year zero indicating 2015 are shown in Fig. 
2. As can be see, the Penetration Rate reaches a peak 
of 29%, and stabilizes at 14.95% after 20 years. There 
are a few reasons, as to why there is this behavior in 
the results. One of the reasons, is that a large amount 
of consumers decided to purchase new vehicles at the 
same point in time, thus having this sudden increase 
in PHEVs. Another reason for a sudden increase in 
the purchase of PHEVs is because of the increase in 
fuel price. An increase in fuel price, makes it more 
expensive to own an ICE vehicle. Consumers are 
inclined to make the switch to PHEVs. The Ontario 
Government provides rebates to consumers who 
purchase PHEVs, thus allowing them to be realistic 
purchases in regards to the consumer’s budget for an 
automobile.  
By observing the results of the simulation, another 
conclusion can be made regarding consumer behavior. 
Since consumers are environmentally conscious, they 
will always try to purchase a PHEV if it is within their 
budget. As time progresses, consumers will become 
more environmentally conscious, and along with an 
increase in fuel price, will be more inclined to 
purchase a PHEV. The more rational a consumer is, 
the more inclined he/she will be to purchase a PHEV 
since it will be cheaper to operate over time. The 

interaction of different agents in the Agent Based 
Simulation, allows the simulation to be more realistic. 
Some agents may not have a big enough influence on 
their own, but once there is an interaction with other 
agents, there is a possibility for greater influence on 
PHEV market penetration. Overall, the results of the 
simulation show a realistic growth of the PHEV 
penetration rate in the Ontario market. 
 
CONCLUSION 
 
In conclusion, the simulation consisted of an Agent 
Based Modeling approach, where different agents 
were introduced and interacted with each other to 
replicate consumer purchase behavior in the Ontario 
automobile market. Assumptions were made 
regarding the different agents in the model, 
representing consumer behavior. Historical data was 
obtained regarding the purchase variables in the 
simulation. From running the simulation, it is 
predicted that after twenty years, there will be a 
penetration rate of 14.95% for PHEVs in the Ontario 
automobile market. The factors that have an effect on 
the consumer purchase behavior are fuel prices, 
environmental consciousness, and user rationality.  
 
LIMITATIONS  
 
The penetration results found in the study show that if 
only financially motivated decisions were made, no 
PHEV would be purchased. This is a conservative 
view since it assumes that the current state of PHEV 
vehicles would be maintained throughout the period of 
the study. Since further advances in technology and 
increased competition in the alternative fuels car 
industry would result in a decrease in vehicle costs, 
reaching and perhaps falling lower than ice levels.  
An assumption was made that all vehicles, ICE and 
PHEV options, were considered equally lucrative but 
for cost and fuel consumption. As these factors are 
complex to quantify, and because it is difficult to 
predict the state of the industry in the future for both 
types of vehicles, this was simplified in the study. 
Moreover, the relative novelty of PHEV might make it 
attractive or repulsive to lots of consumers. The effect 
of novelty seeking, as well as the likelihood to 
purchase what is familiar and trusted is not modeled in 
this simulation. These effects may have a significant 
effect on the early stages of the simulation, when 
PHEVs are very new to the market compared to ICE 
vehicles.  
 
FUTURE WORK THAT CAN BE COMPLETED 
 
In the future, more work can be completed regarding 
the simulation in this study. Different cases can be 
studied and conclusions can be made regarding the 
PHEV penetration rate in the Ontario automobile 
market. Through future work, we will be able to 
determine which factors have the largest influence on 
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consumer purchase behavior. Measures can also be 
taken, to improve the penetration rate of PHEVs in the 
market. Further work that can be completed from this 
study, is to predict the additional electricity demand 
from PHEVs entering the market. From these 
predictions, electricity companies will be able to 
determine if their current infrastructure is enough for 
the additional electricity demand. New power plants 
might have to be built to accommodate for growing 
numbers in PHEVs. The impact of such plants on the 
environment should also be investigated. 
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