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Abstract 

 

Optimizing Allocation of Electric Vehicle Charging Stations in the City 

of Austin  

 

Akik Bharat Patel, M.S.C.R.P 

The University of Texas at Austin, 2017 

 

Supervisor:  Robert Paterson 

 

In 2011, the U.S. Presidential Administration set the goal of having a million 

electric vehicles in the U.S. by 2015. In order to support these goals, the U.S federal 

government introduced several incentive programs (includes purchasing tax credits) and 

policies (installing public charging stations) to encourage EV adoption and ease 

dependence on gasoline consumption. Since the introduction of these policies and mass-

marketing of EVs in 2010-11, the sale of commercial electric vehicles in the U.S between 

2011 and 2015 has been more than 300,000. However, EVs accounts for less than 1 

percent of total light-duty vehicles sales. One of the reasons for the low adoption rate for 

EV is “range anxiety”. This is created among consumers due to lack of publicly available 

charging infrastructure and this prohibits users to travel between and within cities. Thus, 

in order to promote EVs as a primary vehicle for drivers, more charging stations should 

be made available to the public. The main objective of this research is to identify suitable 
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locations for installing public Electric Vehicle charging stations in the City of Austin. At 

present, Austin Energy doesn’t have any standard method to identify demand for public 

charging stations and locate them appropriately to optimize its usage.  

In order to determine land parcel suitable for installing public charging stations, a 

set of geospatial data were identified from an extensive review of existing literature and 

similar studies conducted across the globe. These data sets were then edited to form 

individual raster layers. Each raster data is further classified by assigning scores to each 

raster value (within a raster layer) based on simple logic. For example, a higher score will 

be assigned to a raster cell which is closer to a Food establishment and a lower score as 

we move further away. The higher score basically defines a higher suitability of installing 

a charging station and vice versa. Further, a map indicating the optimal parcels in the city 

for installing EV charging infrastructure is created using map algebra which is based on 

assigning different weighting factors to each raster layer.  
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Chapter 1: Introduction 

Over the past 100 years, the transportation industry has heavily relied on the use 

of fossil fuel as the key source of energy. In the coming years, it is predicted that the 

demand for oil will exceed its supply, causing price instability and supply disruptions 

(Markel, 2010). This is due to the fact that gasoline is yet to be challenged by alternate 

power sources based on cost, overall performance, and feasibility. Additionally, burning 

oil causes greenhouse gas emissions that lead to climate change (U.S. Environmental 

Protection Agency, 2017). As a matter of fact, in the U.S, people spend about $1 billion 

each day to import oil, out of which transportation sector accounts for more than two-

thirds of the nation’s oil demand (Frades, 2014). While in recent years, the new 

conventional vehicles offer improved efficiency and cleaner emissions, the U.S. 

passenger vehicle fleet still contributes for more than 40 percent of U.S. oil demand and 

16 percent of U.S greenhouse gas emissions (Frades, 2014). 

One way of addressing the impacts caused from over-dependency on oil is to 

electrify the transportation system and expand the capacity of electricity generated from 

renewable sources. There are significant challenges to make the necessary technology 

modification and market enhancement. However, these challenges are not insuperable if 

comprehensive implementation plans are created to address the needs of various 

stakeholders. Plug-in electric vehicles (EV) have shown potential to address four critical 

issues that the U.S is facing today i.e., Energy Security, Local Air Quality, Economic 

Growth and Climate Change (Center for Climate and Energy Solutions, 2012). 
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Conversely, one of the crucial factors affecting EV penetration in the U.S. market 

is EV charging station infrastructure. The Federal and State agencies have advocated EVs 

on the fact that they offer many benefits like low emissions to the environment and 

higher energy efficiency (U.S. Department of Energy Clean Cities, 2012). However, the 

most common challenge of driving EVs is the short mileage range compared with 

gasoline vehicles and long hours of charging activities. This research analyzes various 

facets of EV consumers and Public charging infrastructure in Austin, Texas to give the 

reader a clear idea of identifying potential EV buyers and how Public charging stations 

can be placed in Austin, Texas in order to overcome one of the most important challenges 

of driving EVs i.e., “Range Anxiety”.  

MOTIVATION 

In the late 1990s, Electric Power Research Institute (EPRI) and the U.S. 

Department of Energy (DOE) began researching on plug-in hybrid electric vehicles 

(PHEVs) as a result of challenges faced by electric vehicle (EV) during its infiltration 

into the market (Markel, 2010). In 2011, the U.S. Presidential Administration set the goal 

of having a million electric vehicles in the U.S. by 2015 (Mitlitski, 2011). In order to 

support these goals, the U.S federal government introduced several incentive programs 

(includes purchasing tax credits) and policies (installing public charging stations) to 

encourage EV adoption and ease dependence on gasoline consumption. The American 

Recovery and Reinvestment Act of 2009 provided a tax credit of $2,500 per plug-in 

hybrid electric vehicle sold. The U.S. Department of Energy also granted $37 million for 



 3 

installing 4,600 charge points around the nation and allocated $99.8 million to fund the 

EV Project, which is installing 14,000 level 2 charges (Peterson & Michalek, 2013, p. 

430). On September 8, 2011, Charging Infrastructure and Clean Cities Community 

Readiness and Planning for Plug-In Electric Vehicles awards worth $8.5 million were 

announced by Energy Secretary Steven Chu, who held the office at that time. (Frades, 

2014). These awards were intended to create various public-private partnerships for 

installing charging infrastructure and to assist communities with strategies to support 

adoption of PEVs 

Since the introduction of these policies and mass-marketing of EVs in 2010-11, 

the sale of commercial electric vehicles in the U.S between 2011 and 2015 has been more 

than 300,000 (Nigro, Welch, Peace, & Solutions, 2015). However, EVs accounts for less 

than 1 percent of total light-duty vehicles sales (U.S. Department of Energy Clean Cities, 

2012). The low adoption rate for EV and its poor market growth is due to several barriers 

like poor battery performance, fluctuating oil prices, long charging time, consumer 

expectations, and cost of the vehicle (Tate & Harpster, 2008). Additionally, “range 

anxiety” is created among consumers due to lack of publicly available charging 

infrastructure and this prohibits users to travel between and within cities (Tate & 

Harpster, 2008).  

An Electric Vehicle can take up several hours to charge, depending on the car 

model and the type of charging equipment. Residential and Workplace charging is 

considered to be the most reliable primary source of charging for a majority of EV 
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drivers. Fast charging stations (D.C) can charge 80% of the battery in less than 30 

minutes; however, it is still longer than fueling a gasoline vehicle. Additionally, these 

stations require expensive infrastructure upgradations. Thus, in order to promote EVs as a 

primary vehicle for drivers, more charging stations should be made available to the 

public. This would eventually extend driving range and result in steady EV adoption rate 

among users. According to a report published by Department of Energy, for gaining 

consumer confidence in the technology and increasing EV market, it is important to 

expand publicly available charging infrastructure (Nigro, Welch, Peace, & Solutions, 

2015). This infrastructure development enables people to travel greater distances by 

providing convenient charging options for drivers, leading to increased consumer 

confidence that the technology is here to stay. 

RESEARCH GAP 

In September 2011, Texas received two grants from the U.S. Department of 

Energy (DOE) that were primarily focused on improving charging infrastructure for 

PEVs in the state. The grant was used to create two initiatives:  awarded two grants to 

The Texas River Cities Plug-In Electric Vehicle Initiative (TRC) and the Texas Triangle 

Plug-In Electric Vehicle Readiness Plan (Texas River Cities Plug-In Electric Vehicle 

Initiative, 2012). The initiative of preparing and deploying regional charging 

infrastructure plan in Austin and San Antonio was led by Austin Energy. The plan 

highlighted the present and projected the future home and work based charging needs of 

Texas PEV drivers. Austin Energy manages plug-in electric vehicle charging stations as a 
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part of the Plug-In EVerywhere
TM 

network that is located at various sites throughout the 

service area. The Plug-In EVerywhere
TM

 network is the first in the U.S. to be completely 

powered by renewable energy via the GreenChoice
®
 program (Texas River Cities Plug-In 

Electric Vehicle Initiative, 2012). The successful implementation of an initial network 

comprising of 113 stations in Austin fulfills CharePoint America program’s minimum 

requirement that allocated federal funds to Austin for developing the charging 

infrastructure.  Eight Metropolitan regions other than Austin were selected in this federal 

(Texas River Cities Plug-In Electric Vehicle Initiative, 2012). So as to expand the 

charging station network, Austin Energy is collaborating with its customers to connect 

privately-owned stations at workplaces, multi-family residences, and retail outlets to the 

Plug-In Everywhere
TM

 network. 

Austin Energy formed the Texas River Cities Plug-in Electric Vehicle Initiative 

(TRC) to develop a community-based/regional infrastructure plan that identifies policies 

and tools that other regions across U.S. can adopt as well.  However, the plan doesn’t 

follow nor identifies a proper framework/method that helps identify the spatial demand of 

Electric Vehicles in Austin and simultaneously allocating the public charging stations. 

According to the report: 

No interviewed organization had a formal process in place for selecting 

the EVSE to be installed. However, price, attainability, smart grid 

features, and bidder’s overall offering package were factors in decision-

making. Most decisions about installing ESVE were primarily based on 

cost considerations or electrical factors with a direct impact on cost. 

However, a few organizations providing public EVSE considered 

customer-focused criteria prominently as well, with the goal of highest 

utilization of the EVSE. (pp. 2-11) 
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Since there was no formal process in place for installing charging stations, it can 

lead to an unequal distribution of charging stations in some areas, thus affecting EV’s 

adoption in the region’s market. The decision for allocating Fast and Type 2 charging 

stations is serious, because it might be critical for the market success of this technology. 

Furthermore, with increase in utilization of charging infrastructure, the decision for 

allotting charging stations is presumably final, since it is expensive to change their 

location. Therefore, an optimal allocation of these charging stations seems to be 

inevitable. 

In Austin, new EV charging station infrastructure can be installed at many public 

facilities like libraries, parks, schools, and government offices etc. In this research, a site 

suitability analysis is used to locate areas needed to install EV charging stations based on 

various factors including recognizing potential and current EV users in Austin. 

Additionally, this research helps examine locations of existing public EV charging 

stations and the needs of EV drivers to guide decision makers in placing new charging 

stations.  

STUDY AREA: CITY OF AUSTIN 

The City of Austin is the 11
th

 largest city in the nation as per recent US Census 

Bureau estimates (City of Austin, 2017). As of April 2017, the population of Austin was 

949,587 (City of Austin, 2017). The city keeps expanding its investment in private sector, 

leading to new job opportunities and increased rate of in-migration each year. The City of 

Austin demographer estimates that on an average, 110 people are moving to Austin each 
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day, supporting a trend of long- term, sustained, rapid population growth (City of Austin, 

2017). Austin has constantly been ranked among top 10 fastest growing metropolitan 

region in the U.S. while ranking 1
st
 in population growth between 2010-2011 (Austin 

Transportation Department, 2014).  

In 2015, metro Austin’s population surpassed 2 million marks (Austin Chamber 

of Commerce, 2017). Apart from bringing many benefits to the region, this increased 

population growth has placed unprecedented strain on the region’s transportation 

infrastructure. The expansion of region has caused significant travel congestion issues as 

more people driving to their jobs, equal more cars on the road. According to Inrix’s 2014 

Traffic Scorecard, Austin was ranked as the 4
th

 most congested metropolitan area in the 

United States (Austin Chamber, 2016). Moreover, a 2011 Texas Transportation Institute 

report stated that the Traffic in Austin grew more than 30 percent faster than the growth 

in road capacity over the past 25 years (Schrank, Lomax, & Eisele, 2011).  

In last 10 years, the total number of commuters going to work during peak hours 

has increased by 21% (Austin Chamber, 2016). Today, almost 350,000 people commute 

into the City of Austin from the surrounding region each morning, 80% of whom drive 

alone in a single-occupancy vehicle (SOV) (Austin Chamber, 2016). Moreover, over 

85,000 people travel into the Austin downtown every day, where most of the businesses, 

state and municipal agencies are located (Austin Chamber, 2016).  

According to the Austin Community Climate Protection Plan, Transportation and 

mobile sources constitute 35% of all greenhouse gas emissions in Austin. The increased 
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fleet of gasoline based automobiles and its impacts on the environment, coupled with the 

demographic growth in Austin have started raising concerns over the future of the city. In 

order to mitigate impacts of transportation on environment and other resources, the City 

of Austin and its community-owned electric utility, Austin Energy, started Plug-In 

EVerywhere
TM

 program that offers PEV owners in its service area a rebate of up to 

$1500 for home and up to $4000 for public, workplace, multifamily and Fleet PEV Level 

2 charging stations (Austin Energy, 2017). Currently, there are about 3,972 EVs in Austin 

and about public 600 charging ports as a part of EVerywhere Network  (Popham, 2016).  

Nevertheless, hindrances remain. In order to allow drivers to use EV as a 

conventional vehicle for a long or short commute, the most important barrier to overcome 

is the prospect of building public charging infrastructure that supports this vision. 

However, without sufficient threshold of EVs on the road, it is economically unfeasible 

to build the public charging infrastructure. Through a detailed analysis of identifying 

potential electric vehicle users, pinpointing spatial demand for charging stations based on 

travel pattern within Austin area and suitable land parcels for installing charging station, 

this research seeks to help Austin Energy optimize the allocation and installation of 

charging stations in their service area.  

The specific objectives of the research are therefore as follows: 

 Determining the spatial demand of EV charging stations in Austin based on points 

of interests, Population and Employment density, and EV user segmentation 

method (identifying potential users). 
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 Deriving locational based supply-demand gap for charging stations based on 

actual charging infrastructure usage. 

 Developing a spatial model in ArcGIS that calculates an optimal allocation of 

smart charging infrastructure, based on urban economics and big data. 

 Determining possible locations for Type 2 and DC fast charging stations based on 

land-suitability analysis and multiple variables (example; Traffic flow/count, 

Land-Use, existing EV charging stations’ catchment area, Parking areas, Public 

transportation stations etc.). 

RESEARCH FRAMEWORK 

The research framework is designed to be carried out in three phases, starting 

from the pre-analysis phase, which includes a general description of the Electric Vehicle 

technology and trends in the U.S, identifying problem and objectives, study area and 

collection of required data. The technical part deals with developing an inventory of all 

the factors/variables that determine potential locations for installing charging 

infrastructure and characterizes EV buyers. This part also includes conducting a site 

suitability analysis based on the previously identified variables. The post-analysis phase 

concludes the findings from the ArcGIS Spatial Model and discusses the possible use of 

this research by Austin Energy or other agencies to promote using EV as a conventional 

vehicle as well as targeting sales of home-based charging stations for greater penetration 

of this technology among the general public.  
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SCOPE AND LIMITATIONS 

 Home Address or Block Group level data for existing EV drivers were not 

available and hence, zip codes were used to identify the spatial distribution of 

existing EV users.  

 A detailed report on Segmentation of people in Austin was not available and 

hence, the results were superficially verified using ESRI’s Tapestry data for the 

city of Austin.  

 The study did not take into account existing Power grid network while 

determining suitable land parcels for charging stations. This is due to lack of data 

availability.  

Figure 1: Three Phase Research Framework 
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 The study uses Age, Income, Education, Gender and Vehicle Ownership as the 

factors determining potential EV users. More factors can be added in future based 

on the nature of the study. 

The structure of this report is as follows. Chapter 2 reviews the broader 

understanding of electric vehicles, their charging equipment, attributes of potential 

electric vehicle buyers, barriers to adopting an electric vehicle and similar studies 

conducted previously. In Chapter 3, detailed methodology to identify the following –– 

potential EV users in Austin, demand for public charging stations, and suitable site for 

installing the stations. Chapter 4 discusses the results and key findings from the analysis. 

Finally, Chapter 5 gives an overall conclusion of the results and how this research could 

be used by any city to effectively deploy their charging infrastructure
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Chapter 2: Literature Review 

Recent studies on EVs have been focusing on installing charging stations and 

distribution of these station networks. Although these studies are concentrated on the 

technical requirement of installing a single charging station, few have suggested the need 

to plan the charging network in an urban area. Currently, inadequate research exists to 

examine conducting a site suitability analysis for public charging stations based on 

several factors like socio-demography, driving pattern, major destinations etc. 

Eventually, this research would help Austin Energy streamline their process of installing 

public charging stations in Austin.  

This section introduces various types of EVs and charging stations; further, the 

section identifies attributes of electric vehicle buyers and barriers to EV adoption; and 

lastly, it summarizes similar studies that are conducted using Geographic Information 

System (GIS). 

WHAT IS AN ELECTRIC VEHICLE? 

There are several categories for Energy-saving vehicles, such as hybrids, plug-in 

hybrids, and all-electric vehicles. The difference between hybrids and other PHEVs and 

BEVs is that they don’t require electric charging. On the other hand, Battery electric 

vehicles (BEVs) and plug-in hybrid electric vehicles (PHEVs) requires partial or full 

charging before use. One of the key features of hybrid-electric vehicles (HEVs) is that 

they combine the benefits of gasoline engines and electric motors (International Energy 

Agency, 2015). HEVs are designed to offer increased fuel economy, improved motor 
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power, and supplementary power for electronic devices (International Energy Agency, 

2015). The three key technologies used in HEVs are Regenerative Braking, Electric 

Motor Drive/Assist, and Automatic Starts/Shutoff engine (International Energy Agency, 

2015). While braking, the electric motor converts the energy into electricity, which is 

then stored in a battery until its use. Further, the electric motor is designed in such a 

manner that it provides more power and assists in engine acceleration or de-acceleration 

while passing or climbing hills. Additionally, the engine in HEVs automatically shuts off 

when the vehicle brake. This prevents wasting energy from idling and it restarts the 

engine with acceleration.  

All-electric vehicles (also called battery-electric vehicles, or BEVs) run entirely 

on electricity and use rechargeable battery packs to store the electrical energy that powers 

one or more electric motors (U.S. Department of Energy Clean Cities, 2012). Usually, 

plugging the vehicle into a power source and regenerative braking are two ways of 

recharging the battery packs in EVs. BEVs have no internal combustion engines (ICEs), 

which means they produce no tail-pipe emissions. In addition, BEVs offers several 

benefits such as being energy efficient, environmentally friendly, and less dependent on 

gasoline ( Plug-in Electric Vehicle Resource Center, 2015). In terms of performance, 

about 59%-62% of electric energy at wheels gets converted in EVs as supposed to only 

17-21% of gasoline energy conversion in vehicles with ICEs ( Plug-in Electric Vehicle 

Resource Center, 2015).  

The Plug-in Hybrid or Plug-in Hybrid-Electric Vehicles (PHEVs) are hybrids that 
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have large-capacity batteries, which provide an additional driving range of 10-40 miles. 

These vehicles can easily be charged like all-electric vehicles (EVs). Since they have 

larger battery packs, they can store enough electricity from the power grid to significantly 

reduce consumption of fossil fuel. On comparing with traditional gasoline-based vehicles, 

PHEVs use less petroleum has less GHG emissions and offer benefits of lower gasoline 

costs. ( Plug-in Electric Vehicle Resource Center, 2015).  

However, fuel consumption in PHEV is related to the distance driven between 

battery charges. (U.S. Department of Energy Clean Cities, 2012). For example, the fuel 

economy would be similar to any other hybrid vehicle if a PHEV is not charged. On the 

contrary, if the vehicle is charged before reaching its all-electric driving range, it is 

possible to have used only electric power. This mechanism enhances fuel efficiency and 

lowers gasoline consumption. 

Figure 2: Difference between PHEV, BEV and FCV 

Source:  http://utahcleancities.org/electric-vehicles 
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TYPES OF EV CHARGING EQUIPMENT 

Charging electric vehicles requires them to be plugged into an EVSE. Electric 

vehicle supply equipment (EVSE) is the device “used to deliver electrical energy from an 

electricity source to a PEV” (U.S. Department of Energy Clean Cities, 2012, p. 6). EVSE 

helps ensure supply an appropriate and safe flow of electricity into the PEV. This device 

is categorized into three sub-types depending on the rate at which the batteries are 

charged. Hybrids (HEVs) are charged using regenerative braking and the internal 

combustion engine and are not plugged into charging equipment. Only PHEVs and BEVs 

require electric charging and charging equipment. 

Level 1 and Level 2 are the two types of chargers. Both these types supply 

alternating-current (AC) electricity to the vehicle. The batteries are charged via the 

charging equipment installed in the vehicle, which converts the AC into direct current 

(DC). Another type of EVSE is DC fast charging and it supplies DC electricity directly to 

the PEV. Factors like the type of vehicle, battery condition, and type of EVSE available 

affects the rate at which charging adds range to a PEV. Charging time usually range from 

30 min to 20 hours or more (U.S. Department of Energy Clean Cities, 2012). For a light-

duty PEV, Level 1 adds a range of 2 to 5 miles per hour of charging. Further, Level 2 

adds about 10 to 20 miles of driving range per hour of charging (U.S. Department of 

Energy Clean Cities, 2012). On the flip side, DC fast charging equipment adds a range of 

60-80 miles in less than 20 minutes of charging activity (U.S. Department of Energy 

Clean Cities, 2012).  
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Level 1 

Level 1 type of EVSE delivers charging through a 120-volt AC plug (usually 

found at some residential locations) and the electrical installation of the device is 

mandated as per the National Electrical Code (U.S. Department of Energy Clean Cities, 

2012). Most of the PEVs come with a Level 1 EVSE cord-set, which is a three-prong 

household plug at one end and a standard connector that plugs into the car on the other 

end.  

Level 2  

Level 2 type of EVSE delivers charging through a 240-volt or a 208-volt AC plug 

(majorly used for residential purposes). It typically charges an EV battery overnight and 

is widely used in a home, workplace, fleet, and public facilities (U.S. Department of 

Energy Clean Cities, 2012). In order to maintain safe operations, this equipment is 

usually hard-wired and requires a dedicated circuit of 20-80 amps depending on the 

device. Level 2 uses similar cord-set as Level 1 equipment.  

DC Fast Charging  

DC fast-charging EVSE uses a 480-V AC input to deliver charge. The higher 

volts enable rapid charging at sites such as heavy traffic corridors and public fueling 

stations (U.S. Department of Energy Clean Cities, 2012). Due to safety reasons, DC fast-

charging stations are used for commercial purpose only. In addition, most EVs are not 

equipped for fast charging; however, inductive charging is an alternate method for this 

(Alternative Fuels Data Center, 2017).  
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For this study, potential locations for Level 2 and DC fast charging stations are 

considered for site suitability analysis. This is due to the fact that both DC fast charging 

stations and Level 2 charging stations are commercial grade equipment and they can be 

installed at public spaces depending on the geographic demand and travel pattern of EV 

users.  

 

ATTRIBUTES OF ELECTRIC VEHICLE BUYERS 

The rate of adoption of any product and its successful market penetration 

primarily depends on fulfilling demands of various consumer groups (Wedel & 

Kamakura, 2012). Market segmentation is a technique used to identify homogenous 

individuals that can be targeted with similar marketing strategy across a defined sub-

group (Mahmoud et al., 2012; Wedel and Kamakura, 2012).  

Figure 3: Different types of EVSE and their cost 

Source: https://energy.gov/eere/vehicles/workplace-charging-equipment-costs 
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The most common forms of market segmentation are post-hoc and priori. The 

difference between these two forms is that the post-hoc segmentation identifies segments 

based on associations between numerous measured variables, whereas, priori model uses 

predefined segments like income, age, gender etc. and each profile is then measured 

using several variables (Teichert et al., 2008; Wedel and Kamakura, 2012). The similarity 

between these two approaches is that they are based off a common theme of 

“segmentation” such as socioeconomic, demographic etc. Researchers believe that the 

segmentation method could help identify a range of an individual’s market characteristics 

which can eventually be used to boost development of a particular product (Mahmoud et 

al., 2012).  

Currently, there is abundant of literature available around EVs as an emerging 

technology and a product with assuring environmental benefits. As a result, market 

segmentation tool helps identify and explore their wider adoption among the general 

public (Abotalebi et al., 2015; Anable et al., 2011; Hidrue et al., 2011; Plötz et al., 2014). 

Segmentation themes such as economic models, trip characteristics, psychological 

theories, and choice models have been vastly studied with reference to identifying the 

purchase profile of the electric vehicle market. The results from these studies have helped 

form of a set of characteristics that are associated with early EV adopters. Research from 

Biere et al. (2009) based their research on using economic perspective as a means to 

identify early EV adopters. According to them, consumers living in a city with less than 

100,000 inhabitants and with full-time occupation are more likely to adopt Electric 

Vehicles. In addition to Biere et al. (2009)’s economic model, Plötz et al. (2014) used 
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socioeconomic characteristics and user attitude and argued that full and part-time 

workers, who are male, appreciate technology, and possess sensitivity towards the 

environment, are likely to be the first wave of EV adopters. Further, they claim that living 

in a big city is a barrier to adopting EVs.  

Furthermore, Hidrue et al. (2011) used a stated preference survey to identify early 

EV adopters. They argued that young or middle-aged small families with good education 

(having a BA or higher degree), taking at least one long drive per month, and those trying 

to save money on daily travel are more likely to select an electric vehicle as their second 

car. In contradictory to previous studies, they emphasized that EV choice is not 

influenced by household fleet size or income. In another similar study, Ziegler (2012) 

contended that young people advocating for environmental issues are most likely the 

target groups for adopting EVs in the near future.  

Anable et al. (2011) used psychological segmentation of potential electric vehicle 

adopters. They concluded that males with above average income and a willingness to pay 

for new technology are most likely to be early adopters of EVs. They were of the opinion 

that attitudinal factors are stronger predictors than demographics for identifying potential 

EV users. Additionally, lower anxiety to the range and social impact were found to have 

a high correlation to EV adoptions (Anable et al., 2011).  

A literature review conducted by Coffman et al. (2015) synthesized several 

studies on consumer preference of EV users concluded that level of education, gender, 

income, car ownership, environmental awareness and love of technology are crucial 
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characteristics of consumers that affect the purchase of EVs. Further, Carley et al. (2013) 

found similar results from their survey i.e., early adopters are the ones that are highly 

educated, environmental-sensitive, and they believe that U.S. should rely less on foreign 

sources of oil.  

Similar results were concluded by Tran et al. (2013) in their survey conducted in 

EU and U.S. that early adopters of BEVs are generally 18 to 34 years old males, having 

high-income and education, with a strong inclination towards new technologies and 

sensitive towards the environment and government policies. Mohamed et al. (2016) in 

their study identified three types of EV adopters i.e. Typical Early Adopter, Emerging 

Early Adopter, and Interested Retiree. Typical early adopters are categorized as young to 

middle-aged, well educated, working group, and have growing families. They usually 

have higher-income (greater than $100,000) and live in single detached dwellings with 

the availability of a protected garage. They are predominantly clustered in sub-urban 

areas. On the other hand, Emerging early adopters are highly educated, have small 

families and usually dwell in condo or apartment complexes. However, they do not have 

an annual income similar to the early adopters but are willing to buy an EV as their first 

car or replacement car. Lastly, the interested retiree is a segment characterized as small 

families that are interested in a replacement vehicle and have short annual traveled 

distance.  

From this brief literature review on identifying and understanding attributes of 

potential EV consumer, several contradictory messages and patterns emerge. It is evident 
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that different studies have used different factors that quantify diverse traits of EV 

adopters. As a result, it makes it difficult to use a pre-determined set of characteristics 

that are most relevant to EV adopters. This study, however, would consider factors such 

as income, family size, the average distance traveled, education, gender and housing type 

among others to find spatial location of potential EV adopters in Austin and accordingly, 

optimize the allocation of EVSE.  

BARRIERS AFFECTING EV ADOPTION 

In order to make transportation systems more sustainable, it is necessary to reduce 

dependence on fossil fuels, monitor GHG emissions, and develop strategies to lower air 

pollution. Potential solutions to achieve this include less driving, promoting fuel-efficient 

vehicles and develop policies that reduce gasoline consumption in the U.S (Sobh et. al., 

2017). 

Electric Vehicles (EVs) are one such technological innovation that would help 

ease the burden on fossil fuels and help address environmental concerns. However, there 

are barriers to adopting this emerging technology due to various reasons such as; lack of 

knowledge, range anxiety, lack of charging infrastructure, and high initial production cost 

(Sobh et. al., 2017; Clinton et al. 2015; Jaffe & Stavins, 1994; Sierzchula et al. 2014).  

Carley et al. (2013) conducted a survey across many big U.S. cities and found that 

the purchase of EV is significantly low due to poor driving-range among the majority of 

EV models. Thus, it is fair to assume that wide coverage of charging network would 
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lessen the “range anxiety” and will be critical to EV adoption (Sierzchula et al., 2014). In 

addition, many studies have concluded that the availability of charging infrastructures 

was an important factor in consumer’s decision to adopt electric or any alternative fuel 

vehicles (e.g. Yeh, 2007; Egbue and Long, 2012; Struben and Sterman, 2008; Ghamami 

et al., 2014). Some of the common barriers to EV adoption are discussed below. 

Information Barrier 

EV technology is relatively new to many users. With limited education and 

information about this technology, potential buyers often have questions specific to 

vehicle’s cost, battery performance and overall safety. Since very less number of EVs are 

seen on road, it is likely that consumers do not have any source of information about EVs 

from their peer (Nelson\Nygaard Consulting Associates Inc., 2014). A report from 

Nelson\Nygaard claimed that many EV drivers regulate their driving habits once they 

gain experience using EVs and have multiple charging options like at home, work etc. 

This eventually reduces their range anxiety and generates market-wide acceptance for 

this technology. They also believe that with an increase in EV adoption, knowledge 

sharing among peers would also increase. Hence, breaking information barrier is very 

important for the overall success of EV technology.  

Lack of EV infrastructure as a barrier 

As previously mentioned, several studies have argued that the lack of charging 

station infrastructure is one of the major barriers to EV adoption. Lutsey et al. (2015) 
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observed that availability of public charging infrastructure has a direct impact on the 

PHEV and BEV purchases.  They believe that accessibility to extensive charging network 

is critical to EV adoption due to limited travel distance capabilities in an EV. 

Additionally, they have argued that financial incentives have minimal positive impacts on 

EV adoption if the charging infrastructure is under-developed. For example, New York 

City (NYC) has low market adoption rate for EVs despite many vehicles purchase 

incentives adopted by the city. This could be due to the fact that NYC has insufficient 

charging infrastructure compared to other geographically similar cities (Lutsey et al., 

2015).  

Furthermore, Tran et al. (2013) used a simulation model to determine the 

relationship between EV adoption rate and the presence of charging infrastructure. They 

found that mass adoption of EV would benefit with the presence of an extensive charging 

network (Tran et al., 2013). A similar study by Sierzchula et al. (2014) found a positive 

correlation between availability of charging infrastructure and EV market share.  

Lastly, factors such as purchase price, the cost of batteries, charging time, fuel 

prices, Travel distance, Public visibility and vehicle diversity are another barrier to 

consider while researching on EV adoption. However, the purpose of this research is to 

examine the lack of charging infrastructure as a barrier and hence in-depth study of other 

factors are not included in the literature review.  

RELATED STUDIES  

Researchers in Lisbon, Portugal, developed an EV charging plan that calculated 
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the charging demand during the day as well as nighttime. They used demographic details 

such as people who completed high school (p_H), population above 17 years of age, 

population working in the service industry (p_r), population share below 20 years of age 

(p_20) and population share greater than 64 years (p_64). Frade et al., 2011 (93) obtained 

the regression equation after systematic elimination of above-mentioned variables, and 

the intercept was strained to be 0, resulting in the equation as v_h =3.90× p_H −1.18× p_r 

+3.41× p_20 +3.28× p_64. The intent of this regression equation is to identify household 

characteristics and cars per household. The mathematical equations (for daytime and 

nighttime) helped capture the number of EVSE needed in a census block to refuel during 

both the times. The centroid of the census block was considered a suitable location to 

install a charging station. This research provides an accurate estimate of the demand i.e., 

the number to EVSE required within each census block. However, the only limitation is 

that the equation does not consider the change in number and characteristic of EV drivers 

with time. Thus, it is difficult to replicate this method for the ongoing research.  

Sweda & Klabjan (2011) deployed an agent-based study for deciding electric 

vehicle charging infrastructure in the Greater Chicago Area (including 4 surrounding 

counties). This research enables strategic placement of new charging stations based on 

patterns related to EV ownership and driving activities (Sweda & Klabjan 2011, 1). They 

deployed an agent-based model, which is a technique that examines interactions among 

many autonomous and heterogeneous decision-makers. In this case, these decision-

makers are the EV drivers. The agents exist in a surrounding that has all the elements 

usually found under normal conditions; like his house, his workplace, his major 
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destinations and points of interest, charging stations and street network (or route). The 

researchers had assigned different values to different agents depending on several 

attributes such as education, income, the level of range anxiety, preferred vehicle class 

etc. Their results depicted a correlation between the increase in the number of nearby 

charging stations and increasing probability for the agent to visit them. On the contrary, 

one the major drawback in this research is the ability to collect and determine accurate 

information related to each agent. Since each agent has different sets of variables, the 

research is more suitable to optimize the allocation of EV charging station around current 

EV drivers.  

A study conducted by He et al. (2013) developed an equilibrium-modeling 

framework to optimize deployment of public charging stations. This method captured 

relationships between the cost of electricity, available public chargers, frequent 

destinations, power grid supply and frequent routes traveled by EV drivers. The 

mathematical model indicates that price of electricity and load distribution in power grids 

are highly influenced by the power demand generated by charging several PHEVs during 

a particular time of the day. Therefore, it is important to consider these impacts and adopt 

certain policy changes while deploying public charging infrastructure in an urban area.  

However, two important assumptions made by the authors are related to the prices of 

electricity and availability of public charging stations. For this research, the spatial model 

doesn’t take into account the assumptions related to prices of electricity.  

In 2011, Ge et al. conducted a similar study related to identifying potential 
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locations for EV charging stations in Tianjin, China. The researchers determined 

locations and size of EV charging stations based on grid partition method. This method 

aimed at “minimizing users’ loss on the way to the charging station, proposing adequate 

land-use zones based on grids and finally selecting the best location among the grid 

partition based on traffic density and available capacity of charging stations” (Ge et al. 

2011, 2726). The authors created parcel-level land partition throughout the study area 

based on rectangular nodes. Each partition was allotted weights based on traffic and 

charging infrastructure demand within the surrounding area. Upon calculating the 

demand and availability of electric energy in each partition, an appropriate location for 

charging station was identified within each rectangular node. This method offers 

practicality and flexibility by generating multiple results based on different input criteria. 

However, the only drawback with this method is that the model utilizes known traffic 

information and number of EV available in each sub-partition. The current research 

would, however, capitalize on the grid partition technique to identify potential demand of 

EVSE based on factors identified throughout this literature review. 

In 2013, a comparative study between service provided by Level 2 and D.C Fast 

charging stations was conducted by Nie & Ghamami. They found that level 2 chargers do 

not serve people making traditional long-distance trips. The author also argued that in 

order to minimize the social cost, fast charging method is required to deliver a reasonable 

level of service. Thus, this research would consider identifying suitable locations based 

on the type of public EV chargers.  
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A study conducted by San Joaquin Valley Air Pollution Control District (2014) 

used data from National Household Travel Survey to determine the places where people 

would park for more than an hour. This data was useful because it determined the 

feasibility of installing a level 2 charging station at a place where someone would at least 

spend an hour (since it takes around an hour to charge a car using level 2 charger). 

According to National Household Travel Survey, locations mentioned below are 

considered to be optimum for installing public charging stations  

Airport Amusement Park Aquarium Art Gallery 

Camp ground Casino Dentist’s Office Department store 

Doctor’s office Grocery store Supermarket Hospital 

Library Local government office Lodging Movie theater 

Museum Park Restaurants Shopping Mall 

Stadium Train Station University Zoo 

Table 1: List of Locations suitable for installing public charging stations. 

Source: National Household Travel Survey, 2014 

For this research, the said list of locations can be used to identify possible places 

to install public charging stations (depending on data availability). Additionally, this 

study would predict the potential EV users within a geographic area using various 

demographic trends, travel pattern, and segmentation analysis, therefore, optimizing 

consumption of the proposed charging stations. 
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Chapter 3: Research Methodology 

The main objective of this research is to identify suitable locations for installing 

public Electric Vehicle charging stations in the City of Austin. At present, Austin Energy 

doesn’t have any standard method to identify demand for public charging stations and 

locate them appropriately to optimize its usage.  

In order to determine land parcel suitable for installing public charging stations, a 

set of geospatial data were identified from an extensive review of existing literature and 

similar studies conducted across the globe. These data sets were then edited to form 

individual raster layers. Each raster data is further classified by assigning scores to each 

raster value (within a raster layer) based on simple logic. For example, a higher score will 

be assigned to a raster cell which is closer to a Food establishment and a lower score as 

we move further away. The higher score basically defines a higher suitability of installing 

a charging station and vice versa. Further, a map indicating the optimal parcels in the city 

for installing EV charging infrastructure is created using map algebra which is based on 

assigning different weighting factors to each raster layer.  

Finally, Austin Energy can determine the exact location of the charging stations 

from the parcels that have got a high score. However, the final decision should consider 

issues related to available space on-site, distance from the electric grid, and other 

development codes. The method used for this study is based on urban planning spatial 

analysis approach, which is similar to the process of assigning land-fill sites and 

emergency shelters (Gkatzoflias, Drossinos, Zubaryeva, Zambelli, Dilara, & Thiel, 2016, 
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p. 6).  

In this section, a detailed description of each input data is presented along with 

the method used to analyze them. This methodology is then applied to the city of Austin. 

It is important to understand that the input data required to conduct this study may vary 

depending on the study area and research scope. For this research, I have prepared a 

robust set of data and methodology that would identify potential users and most suitable 

locations to install public chargers. Additionally, this data and method can be altered and 

used for other purposes depending on the scope of the study and the examined area: for 

example, layers could be added or removed according to the needs of a particular study. 

Figure 4: Methodology work-flow diagram 
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INPUT DATA 

All the input data used for analysis throughout this study has been projected and 

transformed to NAD 1983 State Plane Texas Central FIPS 4203 (US Feet), and the 

geographic coordinate system used is GCS_North_American_1983. 

Residential Statistics 

Residential statistics refer to statistical data on the number of people (and possibly 

their characteristics such as age, income, education level, etc.) that live in the examined 

area. These data are either at Census Tract, Zip Code, TAZ, Block Group or Parcel Level. 

They are used to determine the location of public charging stations that are within close 

proximity to the high-density area. These data are often categorized as population density 

maps and thus, they should be collected at a higher spatial resolution as possible. The 

suggested variables mentioned below are identified after conducting a thorough literature 

review on segmentation of potential EV users/adopters. Mapping these variables for 

Austin would help spatially locate the ‘potential’ adopters of Electric Vehicle since these 

characteristics are often associated with them. 

Suggested Variables:  

 Median Household Income (Block Group Level) 

 Male population between 18-34 years (Block Group Level) 

 Male population education attainment – Bachelor’s degree and beyond (Block 
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Group Level) 

 Household with two or more cars ownership (Block Group Level) 

Suggested Format:  

Polygon shapefile (ESRI format) or Raster File (TIF format). 

Possible Data source:  

 American Community Survey (ACS) 2014 

 TIGER/Line® Shapefiles (ACS) 2014 

 Local and Regional Authorities (City of Austin, CAMPO, CMTA, Chamber of 

Commerce) 

Land-Use Areas 

These data are usually found in the land-use map. One of the key finding upon 

reviewing several studies was that locating a public charging station at multi-family 

housing is beneficial as it provides the much-needed user density since not everyone 

might have access to a private garage or household charging equipment.  

Suggested Variables:  

 Multi-family housing (Parcel Level) 

 Parking areas – garages and open space parking (Parcel Level) 

 Employment parcels – count of total employment by parcel (Parcel Level) 
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Suggested Format:  

Polygon or point shapefile (ESRI format) or Raster File (TIF format). 

Possible Data source:  

 Local Authorities (City of Austin) 

 Parking companies  

Point of Interest  

These data usually include places that are often visited by the general public and 

often spend more than an hour (on an average). These places are ideal for locating 

charging stations because they are city-wide activity generators and the amount of time a 

person spends at these destinations. 

Suggested Variables:  

 Community Centers 

 Food establishments 

 Hospitals 

 Public Library 

 Major employment centers 

 Park ‘n’ Ride 

 Schools 

 Parks and trails 

Suggested Format:  

Polygon or point shapefile (ESRI format) or Raster File (TIF format). 

Possible Data source:  
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 Local Authorities (City of Austin, Chamber of Commerce, CMTA) 

 Online sources (Foursquare, OpenStreetMaps etc.) 

The point of interest list can be exhaustive and depending on the data availability 

more layers can be added. However, for this study only the above-mentioned variables 

were available and hence the analysis was restricted to these data.  

Existing Charging Infrastructure and usage  

In order to estimate possible locations for charging stations, it is important to 

consider the state of existing charging infrastructure. The data on charging sessions by 

station and location of driver’s origin can help make an informed decision while 

efficiently distributing public charging stations in future.  

Suggested Variables:  

 Existing public EV charging stations 

 Count of charging sessions by location (2015-2017) 

 Driver’s origin by zip code (residential location) 

Suggested Format:  

Point shapefile (ESRI format). 

Possible Data source:  

 Local Authorities (Austin Energy) 
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 Private Agencies (ChargePoint – EV network Management Company). 

Transportation Network and Traffic Demand  

These data are used to estimate traffic movement within the city during peak 

hours (morning and evening). Additionally, a good street network is directly related to 

improved accessibility to the stations. Hence, street connectivity should be considered 

while locating charging stations. 

Suggested Variables:  

 Traffic Demand based on Origin and Destination TAZ at AM and PM peak period 

(TAZ level) 

 Street Intersection Density 

Suggested Format:  

Polygon or point shapefile (ESRI format)  

Possible Data source:  

 Local and Regional Authorities (City of Austin and CAMPO) 

DETAILED METHODOLOGY 

After collecting necessary geospatial data from U.S. Census Bureau (related to 

gender by age, income, education attainment and car ownership) and the city of Austin 

(related to points of interest, EV charging stations and charging sessions, traffic flow 
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between TAZs), a certain number of steps are taken to refine the data. They are as 

follows: 

Preparing base layers and setting study area boundary 

In order to conduct raster analysis for site suitability, it is important to have a 

study area boundary. In this study, Austin Full-Purpose Boundary was considered as the 

study area limit. All the data required for this study are either at Block Group level, Zip 

Code level, TAZ level or Parcel level. Hence, each of the shapefiles is clipped with 

Austin Full-Purpose Boundary.  

 

 

 

 

 

 

 

 

Creating Raster layer using Residential Statistics data 

One of the key steps in identifying the location of public EV charging stations is 

to determine potential EV adopters. Through literature review it was concluded that the 

Figure 5: ModelBuilder tool for preparing Study Area boundary 
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EV adopters are usually Males between 18 and 34 years of age, having income greater 

than $100,000 and possess a bachelor degree or higher.  

Additionally, a study concluded that people having two or more cars are more 

likely to buy an EV as their next vehicle (Coffman et al., 2015; Tran et al., 2013). Thus, 

in order to identify demand of charging stations based on potential EV users (or current), 

data related to sex, age, income, education and car ownership was mapped at Block 

Group level in Austin using ArcGIS.  

Since all the data are in vector form (polygon) it is important to convert the 

polygons into raster. The value associated with each polygon is converted into raster cell 

(the cell size used for this study is 30). This rasterization process provides a controlled 

environment while assigning weighting factors to each cell depending on the value.  

 
Figure 6: ModelBuilder tool for calculating Residential Statistics data 
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Creating Raster layer using Land Use areas data 

The type of land use has a great influence on the usage of a public charging 

station. Parking lots and garages are often perceived as the best place to install charging 

stations because of the time a vehicle would remain stationary during the day. 

Additionally, identifying Multi-family housing parcels and proposing to install charging 

stations would be beneficial to the city and environment because of the sheer user density 

it provides.  

Using Austin’s Land Use map, parcels that are categorized as Multi-family and 

Parking is selected using “selection by attribute” tool in ArcGIS and exported as two 

separate shapefiles. Further, this data is converted to Raster layers via “Polygon to 

Raster” tool found under Spatial Analyst toolbox in ArcGIS. The output data are raster 

layers for Multi-family and Parking designated parcels. These raster layers would be 

further used to assign weights based on its influence on determining an appropriate 

location for placing public charging stations.  

Figure 7: ModelBuilder tool used to obtain raster layer 
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Creating Raster layer using Point of Interest data 

The Point of Interest is important locations to consider for installing charging 

stations. As studies have mentioned, places like restaurants, libraries, community centers 

etc. are often visited by people and placing public charging stations in a close proximity 

to them would maximize their utilization. Thus, buffer zones are created for all the input 

variables in order to determine suitable land parcels closer to POIs. The buffer zones 

indicate an effective area around either a point of interest (POI) or a network. These 

zones are created using Spatial Analyst tool called “Euclidean distance”. For each cell, 

this tool calculates the Euclidean distance to the closest source (POI in this case). The 

buffering process requires that a specific length is selected and this choice depends on the 

needs of the study. For this study, a maximum distance of 100m is considered from the 

POI location because it is assumed to be an acceptable walking distance between a 

charging station and the destination. The output of this tool is a raster layer for each of 

the input data.  

Figure 8: ModelBuilder tool used for Points of Interest 
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Creating Raster layer using Existing Charging Infrastructure and Usage data 

Understanding the usage of existing infrastructure is important because it provides 

an insight about the stations that are over or under-utilized. In order to determine suitable 

parcels, a raster layer containing buffer zone of a ½ mile radius around the location of 

charging stations is created. Additionally, the EV charging sessions data obtained from 

Austin Energy is used to map the location of the current EV drivers at Zip Code level. 

Even though a zip code is larger than block group (geographically), mapping this data 

gives an estimate about the place of residence of the current EV users. Thus, “Polygon to 

Raster” tool is used to prepare a raster layer with this data.  

 

Creating Raster layer using Transportation Network and Traffic Demand data 

Optimizing allocation of EV charging station is difficult without considering 

Traffic demand and street network. This study uses traffic count during morning and 

evening peak hours for each TAZ in Austin. TAZs that are a destination for the majority 

Figure 9: ModelBuilder tool used for zip-codes and existing EV stations 
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of vehicular traffic during the AM and PM peak hours are considered ideal for installing 

charging stations. Thus, raster layers for such TAZs are created.  

Furthermore, this study assumes that higher the intersection density, more 

accessible the location is. As a result, raster layer depicting intersection density is created 

which highlights the areas that are highly accessible by people. This raster layer is 

obtained through running “Point Density” tool for the street intersections layer.  

 

Reclassifying or Re-scaling the Raster layers 

The outcome of the previous step is a group of raster layers with cells to which 

maximum and minimum values have been assigned or calculated. First, a scaling is 

applied to all raster layers using a spatial analyst tool called “Reclassify” and the results 

are presented in an additional column (appropriately called 'SCORE') that is added in the 

feature database. Equation found below is applied to each cell of all layers.  

Figure 10: ModelBuilder tool used to calculate point density 
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SCORE(i) = value (i) * 10 / max 

where:  

i = number of cell 

Value (i) = the value of the i
th

 cell 

max = the maximum value of all cells of the layer (Gkatzoflias, Drossinos, Zubaryeva, 

Zambelli, Dilara, & Thiel, 2016, p. 14) 

The scaling is applied to normalize cell scores between 0 and 10. Generally, 

depending on the relationship of the factors/variables to the study focus determines 

whether a higher cell value will get a higher score or lower. For example, in this study, a 

raster cell with higher value means it is most suitable to install charging stations. As a 

result, a higher score is given to that particular cell while reclassifying/scaling. All the 

variables identified in this study comply with this logic expect for the raster layer 

containing ½ mile buffer around existing charging stations. Since placing charging 

stations closer to each other would result in unequal distribution of resources, a reverse 

scoring is assigned to this particular variable. Lastly, all layers are rasterized based on the 

'SCORE' column values.  

Raster Calculator – Map Algebra on Raster layers 

All the raster layers which were scored on 1 to 10 scales are overlapped using the 

“Raster Calculator” tool. This tool allows us to create and execute a Map Algebra 

expression which provides a controlled environment by assigning weighting factor to 
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each raster layer based on its importance or usability for site selection. The following 

equation was used to create a land allocation map after combining several variables: 

"Score\TAZ_AM_D_Sc.tif" * 0.4 + "Score\TAZ_PM_D_Sc.tif" * 0.4 + 

"Score\Male_Age_18_34_Sc.tif" * 0.6 + "Score\Male_edu_Sc.tif" * 0.6 + 

"Score\HH_Inc_Sc.tif" * 0.6 + "Score\2_veh_HH_Sc.tif" * 0.6 + 

"Score\Emp_Parcel_Sc.tif" * 0.5 + "Score\Parking_parcel_Sc.tif" * 0.5 + 

"Score\MF_parcel_Sc.tif" * 0.5 + "Score\Charing_stations_Sc.tif" * 0.2 + 

"Score\Community_center_Sc.tif" * 0.5 + "Score\Food_estab_Sc.tif" * 0.5 + 

"Score\Hospital_Sc.tif" * 0.5 + "Score\Library_Sc.tif" * 0.5 + 

"Score\Major_Emp_Sc.tif" * 0.8 + "Score\Parknride_Sc.tif" * 0.5 + 

"Score\School_Sc.tif" * 0.5 + "Score\Parks_Sc.tif" * 0.5 + 

"Score\Intersection_Density_Sc.tif" * 0.4 + "Score\Driver_org_Zipcode_Sc.tif" * 0.4 

It is important to note that this equation places emphasis on Major Employment 

Centers and Socio-demographic variables like age, education, income and vehicle 

ownership. This choice reflects the fact that a high percentage of people drive to work 

and placing charging stations at major employment centers would motivate people to 

adopt an EV. This in turn increases the EV adoption rate in Austin. Additionally, the 

socio-demographic variables help us identify potential EV adopters and hence more 

emphasis was given to these factors.  
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Reclassifying the final Raster layer and Parcel selection 

The output raster layer shows the area with highest and lowest values. The cells 

with the highest value are most suitable and they become less suitable as the cell value 

decrease. A “reclassify” tool is applied to this raster layer in order to simplify the cell 

value based on 1-10 score. Lastly, this raster layer is converted to polygon via “raster to 

polygon” tool and the final land parcels are selected using “selection by attribute” on 

polygons with a score of 7 and above.  
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Chapter 4: Results 

This chapter elaborates the results obtained and filtered by the initial objective of 

the research, through the site suitability analysis described in the previous chapter. 

Currently, there are 380 public charging stations in Austin managed by Austin Energy. 

44% of these charging stations are located near the workplace, commercial or offices. 

Additionally, 34% of the chargers are currently installed in parking lots or garages. 

Public chargers at Retails, government/municipal services, and Multi-family comprise of 

8%, 6%, and 5% respectively. However, merely 1% of public chargers are located near 

parks, education institutes, and hospitals. Since education institutes and hospitals are 

major employment providers in Austin, it is really important to consider installing public 

charging stations near them in order to promote EV adoption and awareness in Austin.  

One of the objectives of this research was to determine the spatial demand of EV 

charging stations based on identifying EV user segmentation and Point of Interests. As 

identified from a comprehensive literature review in Chapter 2, the major attributes of EV 

user or potential adopters are: 

 Gender: Male 

 Age: 18-34 years 

 Income: Greater than $100,000 

 Education Level: Bachelor’s Degree or higher 

 Vehicle ownership: At least 2 or more vehicles 
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These demographic features were mapped for the city of Austin at Block Group 

Level. Figure 11 shows the spatial distribution of male population between the ages of 18 

to 34 years in Austin. The major concentration of people with this attribute can be found 

in the Balcones Village and Anderson Mill neighborhood (North-West Austin). 

Additionally, UT Austin and Pleasant Valley areas have similar concentrations of the 

male population aged between 18 and 34 years. Other areas include Alexan Mountain 

View, Park Ridge, and Pioneer Hill. According to the current distribution, most of these 

places are located at the periphery of the city limits. These areas have a total of 20,864 

people that have attributes of being an EV user/adopter. Hence, it can be concluded that 

neighborhoods away from city core need charging infrastructure improvement since they 

have a high concentration of potential EV buyers.  

Figure 12 identifies the spatial distribution of the male population with an 

education attainment of bachelor’s degree and above. People exhibiting this characteristic 

are concentrated in the West part of the city i.e. west of Interstate Highway 35. This 

aligns with the fact that Austin has a history of serious East-West Socio-Economic 

dynamics and eventually, it has some impact on the distribution of public charging 

infrastructure. Thus, an equitable distribution of charging infrastructure is inevitable 

unless issues related to these social dynamics are addressed properly.  

Similar trend was found with Income distribution in Austin. Past studies have 

concluded that people with income greater than $100,000 are potential EV adopters. In 

Austin, households with income greater than $100,000 are concentrated in the western 
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region. On the contrary, the average household income in East Austin is $40,000-

$60,000. Figure 13 shows the spatial distribution of average Household Income by Block 

Group.  

Lastly, one important attribute that came out from reviewing existing literature on 

a similar topic was that household with two or more vehicles is the ones that might buy 

an EV as their new vehicle. Therefore, Figure 14 shows the distribution of a number of 

Households with two or more vehicles within each Block group. In Austin, households 

that are further away from the city center have the highest concentration of two or more 

vehicle ownership. Assuming that a high percentage of population commute to work in 

the downtown area, it would cheaper in long-run for these residences with two or more 

vehicles to buy an electric vehicle. Consequently, expanding public charging 

infrastructure in these areas would be necessary in order to promote EV adoption in 

Austin.  

Figure 17, 18, 21, 22, and 23 identifies the point of interests in Austin. These 

locations are basically potential locations for installing public charging stations. 

Locations considered for this research are: Schools, Employment Centers, Multi-Family 

housing, Community Centers, Park ‘n’ Ride stations, Public Library, Hospitals, and 

Parks. There are about 466 major employment centers in Austin with the State of Texas, 

the University of Texas at Austin, City of Austin, Austin Independent School District, 

and Seton Healthcare being the top 5 employers. These centers together employ 112835 

people in Austin, comprising of 35% of total employment in the city. Thus, it is important 
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to consider these locations for future charger installations. Further, there are 105 schools, 

33 community centers, around 2000 food establishments, 23 Public Libraries, 18 Medical 

centers, 15 Park ‘n’ Ride stations, and 293 Parks in the city of Austin. Together, these 

locations are hot-spot for installing EVSE. As EV technology adoption increases among 

people in Austin, locations like grocery stores, shopping mall, food establishments etc. 

would have economic benefits from installing EV charging stations. It is fair to assume 

that more people would prefer visiting those places that have a charging station installed 

as supposed to the ones that don’t provide charging options for their customers.   

Another objective of this research was to determine locational based supply and 

demand gap for charging stations based on actual charging infrastructure usage. Figure 

19 shows the existing location of charging stations and its locational density in Austin. 

Majority of charging stations are located in Downtown area, Windsor Park (East of I-35), 

Parker Acres and Clear Creek Estates (North of U.S 183 and Cameron Road), and North 

Domain area.  The current location of charging stations is a concern because according to 

demographic segmentation of potential EV buyers, a majority of people falling under this 

category are concentrated in the western and southern parts of the city. Further, Traffic 

count/ Traffic demand was mapped for TAZs that were major destinations during AM 

and PM peak hour. Figure 15 and 16 shows the traffic pattern during AM and PM Peak 

hours. TAZs that are a major destinations for Traffic during AM and PM peak hours are 

basically important locations to consider while expanding the charging infrastructure. It 

can be assumed that people would be charging their vehicle during office/work hours and 

once again after going back to their place of residence (preparing for next day’s 
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commute). Thus, installing EVSE in TAZs with a higher concentration of Traffic would 

yield better usage of the infrastructure.  

Figure 15 also shows the number of charging sessions per station over the time 

period of 2015-2017 (until April, 2017). The top 10 station locations with highest session 

counts are: 

Station Name Station location Session Count Port Type 

PLUGNEVERYWHERE / PUB-CENTRALMKTN 4001 N Lamar Blvd. 3778 Level 2 

NISSAN-TOWN NOR / QUICK CHARGER 1 9160 Research Blvd. 3485 DC Fast 

PLUGNEVERYWHERE / SEAHOLMDC 811 ½ Electric Drive 2726 DC Fast, Level 2 

PLUGNEVERYWHERE / HEB 6EA1 1000 E. 41
st
 street 2604 Level 2 

PLUGNEVERYWHERE / PUB-CENTRALMKTS 4521 Westgate Blvd. 2596 Level 2 

CATELLUS MARKET / CATELLUS 1 Garcia Street 2571 Level 2 

AMD GO GREEN / P100 FLOOR 5 7171 Southwest Pkwy. 2569 Level 2 

COA FLEET - PIE / RIO G #1 1111 Rio Grande St. 2154 Level 1, Level 2 

COA FLEET - PIE / RIO G #2 1111 Rio Grande St. 2008 Level 1, Level 2 

COA FLEET - PIE / RIO G #3 1111 Rio Grande St. 1936 Level 1, Level 2 

Table 2: List of top 10 public charging stations with the highest usage 
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Overlaying the data on current usage of EV charging stations with TAZs that are 

destinations for traffic demand during AM peak hours illustrates a completely different 

picture. Many stations located within high traffic-demand TAZs have low charging 

session counts as compared to stations located within low traffic-demand TAZs. This 

highlights the fact that there fewer people driving EVs to work in Austin. Thus, the 

current charging infrastructure is under-utilized and a majority of this could be attributed 

to a spatial imbalance in the distribution of existing charging resources.  

The final set of the objective was to develop a spatial model in ArcGIS that 

identifies optimal locations for Type 2 and DC fast station based on previously 

mentioned demographic variables and point of interests. These datasets represent current 

EV owners, possible locations for installing public charging stations and can also be used 

to predict future EV drivers in an area. Figure 24 shows the optimum land parcels in 

Austin for installing charging stations. This was obtained by performing site suitability 

analysis using ModelBuilder tool.  

ModelBuilder is an application to create, edit, and manage models. Models are 

workflows that string together sequences of geoprocessing tools, feeding the 

output of one tool into another tool as inputs. Executing a series of buffer and 

intersecting tools automatically generates the output or result features. The 

geoprocessing tools used were common in ArcGIS applications and they were 

executed and used to build a ModelBuilder (Jin, 2016, p. 43). 

In the site-suitability analysis, each variable is converted into Raster data using 

Point density, Euclidean distance, and Polygon to Raster function. These Raster datasets 

are then scored on 1-10 scale depending on the relationship of the variable with the 

suitable land parcels. Further, since this study uses 20 variables to identify optimal 
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location for installing charging station based on demand and supply of existing 

infrastructure, weights are assigned to each variable while combing the scores.  

Variables like demographic segmentation and employment centers had a higher 

influence on determining potential demand of EV charging station and EV usage, thus 

they were given more weightage while normalizing scores across all the variables. On the 

contrary, it was assumed that variables like intersection density had a lower influence on 

determining the optimum location for charging stations. Thus, a low weight was given to 

this factor. The output map highlights the best land parcels for installing charging stations 

based on current EV users location, potential charging demand other similar factors.  

Figure 25 shows current land use available on the suitable parcels. Figure 26 

furthers the result and identifies parcels suitable for installing home-based and public 

charging stations. Parcels suitable for home-based chargers are basically single-family 

housing units since the majority of them have an attached garage and supporting 

infrastructure. Additionally, the parcels suitable for installing the public chargers are 

zoned as Multi-family, Commercial, Mixed-use, Offices, Hospitals, Govt. services, 

Educational services, and Parking. This result would help narrow down the parcels on 

which Austin Energy would find it most economically beneficial to install public 

charging stations.  

According to the site suitability analysis, there are about 5277 land parcels in 

Austin which can host home-based charger. This means that they are either current or 
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potential EV users. Austin Energy can conduct a targeting marketing on these parcels to 

increase awareness of EV technology and promote its adoption.  

Furthermore, there are 937 land parcels in Austin that are suitable to host public 

charging stations. These locations have multiple land-uses around them for people to go 

to. This allows people to spend longer time around that area while they charge their 

vehicle. Around 22% of suitable land parcels are located in East Austin and 40% were 

concentrated in the West Austin. This is primarily due to differences in demographics and 

location of the point of interests. Based on demographic segmentation, a high percentage 

of potential EV users live in West and South Austin. This result corresponds to the initial 

analysis that was conducted to identify spatial distribution of EV adopters in Austin
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Figure 11: Spatial distribution of Male population between the ages of 18-34 years. 

Source: U.S. Census Bureau, ACS 2014 
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 Figure 12: Spatial distribution of Male population with Bachelor’s Degree or Higher 

Source: U.S. Census Bureau, ACS 2014 
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Figure 13: Spatial distribution of Median Household Income in Austin 

 Source: U.S. Census Bureau, ACS 2014 
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 Figure 14: Spatial distribution of Households with two or more cars 

Source: U.S. Census Bureau, ACS 2014 
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Figure 15: AM Destination Traffic Demand at TAZ level and EV charging session counts 

Source: CAMPO 2010 Traffic Demand Model and Austin Energy, 2017 
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Figure 16: PM Destination Traffic Demand at TAZ level 

Source: CAMPO 2010 Traffic Demand Model 
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Figure 17: Density distribution of Multi-family housing in Austin 

Source: City of Austin, 2017 
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Figure 18: Density distribution of Employment Centers in Austin 

Source: City of Austin, 2017 
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Figure 19: Existing Station density and location 

Source: Austin Energy, 2017 
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Figure 20: Spatial distribution of EV driver's place of residence by Zip Code 

Source: Austin Energy, 2017 
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Figure 21: Existing Food establishment density in Austin 

Source: City of Austin, 2017 
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Figure 22: Location of Point of Interests 

Source: City of Austin, 2017 
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Figure 23: Location of Point of Interests 

Source: City of Austin, 2017 
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Figure 24: Site Suitability Analysis for installing EV charging stations 

Source: Author, 2017 
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Figure 25: Land-use in most suitable parcels for installing EV charging stations 

Source: Author and City of Austin, 2017 
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Figure 26: Parcels suitable for installing home-based and public chargers 

Source: Author, 2017 
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Chapter 5: Discussion and Conclusion 

The main intention of this study was to identify optimal locations for installing 

public charging stations in Austin. Additionally, the results would help Austin Energy 

make an educated decision regarding where to install public chargers, how to maximize 

usage of the charging infrastructure and who are the potential buyers of EVs. The rapid 

growth in Austin’s population and the presence of a high percentage of young to middle-

aged population makes it ideal for the city to promote using EV as people’s conventional 

vehicle. 

This chapter discusses key observations of this study and the valuable outputs 

available to the decision makers in Austin, Texas. Furthermore, this chapter explores 

possibilities and suggestions to future research in this field. 

KEY OBSERVATIONS 

The trend of adopting and driving electric vehicles is fairly new in Austin, and 

research on installing public charging station based on existing and future demand 

remains in its early stages. This study scientifically examines existing data on 

demographic segmentation, current usage of charging infrastructure, and point of 

interests; and contributes to the existing literature by conducting a site suitability analysis 

using ArcGIS.  

The ArcGIS tool is used to identify parcels without any existing EV charging 

stations find optimum places to locate additional stations, add a weighted score to 



 69 

different variables, and analyze areas of interest by creating either 328 feet or a ½ mile 

buffer around them. Out of the resulting suitable parcels, the ones found along the major 

arterial roads are ideal for installing DC Fast charging stations as it enables people to 

travel freely from one place to another in and around Austin as it offers quick charging.  

However, installing Level 2 charging stations at public libraries, 

offices/employment centers, parks, government institutions etc. is ideal. This is due to the 

fact that average time spent at these locations is sufficient to charge a vehicle. Since 

Level 2 chargers are less expensive than DC Fast charger, it would be economically 

viable for the municipality (Austin Energy) to install these types of chargers at above-

mentioned locations. 

As anticipated, the results of this research provide recommended locations for 

public charging infrastructure in the City of Austin. Installing more charging stations by 

Austin Energy would demonstrate how a local government entity follows Federal and 

State’s advocacy for green energy and a clean environment. Having more EV charging 

stations will not only benefit existing EV drivers but also will increase the benefits of 

driving electric vehicles for the rapidly growing Austin. Currently, there are around 380 

public charging stations, but there are gaps between the demand of charging stations and 

the existing supply.  

The definitive goal of this study is to locate new EV charging stations in Austin to 

optimize usage of these devices. The selected land parcels offer a forward step in 

planning where to install charging stations. At the same time, each location still needs 
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further assessment in order to determine the number of parking spaces that should be 

designated as an EV charging space in addition to identifying existing power grid 

availability at each parcel that supports these stations.  

FUTURE RESEARCH 

This study successfully elaborates the need for the local municipality to focus on 

equal distribution of charging infrastructure in order to promote EV adoption in Austin. 

Additionally, it identifies demographic attributes of potential EV users that could help 

Austin Energy take necessary steps to create awareness of EV technology among those 

target population within Austin. The goal of a site suitability analysis is to identify ideal 

locations for publicly accessible equipment in order to increase its public use. The more 

variables a study can integrate, the more the results can be inclusive and can better justify 

the initial research objectives. 

The future research can classify optimal locations of two different type of 

charging equipment i.e., Type 2 and DC throughout the City of Austin. For example, 

possible locations of DC charging stations could be based on actual commuting pattern, 

peak hour charging frequency, distance from freeways etc. The methodology section in 

Chapter 3 explains the locations selected to install public charging stations in Austin; 

however, there are 20 optimal locations as per National Household Travel Survey which 

can be expanded depending on data availability. Furthermore, these locations were 

chosen based on the average length of time a vehicle would park. Thus, future studies 
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should perhaps also incorporate foot traffic at a given location, and the average time 

people leave their vehicles parked. 

Whilst the current research considers parking parcels as the prime location for 

installing public charging stations, there lacks information on parking capacity and 

whether the parking meets ADA compliance. These factors can be studied in detail to 

further filter the suitable parcels that aren’t ADA compliant and thus can’t support EVSE. 

The building requirements of installing EV charging stations involves how to choose in 

one park space out of an entire parking lot, how to obtain building permits, and how to 

follow specific parking guidelines. These building requirements are excluded from this 

study. However, if specific data of a location like square feet or electric network is 

available, these data can be incorporated into ArcGIS processing on future researches. 
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