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Abstract:

 Electric power must become less dependent on fossil fuels and transportation must become more electric to decrease carbon emissions and mitigate climate change. Increasing availability and accessibility of charging stations is predicted to increase purchases of electric vehicles. In order to address the current inadequate charging infrastructure for electric vehicles, major entities must adopt business models for solar powered charging stations (SPCS). These SPCS should be located in parking lots to produce electricity for the grid and provide an integrated infrastructure for charging electric vehicles. Due to the lack of information related to SPCS business models, this manuscript designs several models for major entities including industry, the federal and state government, utilities, universities, and public parking. A literature review of the available relevant business models and case studies of constructed charging stations was completed to support the proposals. In addition, a survey of a university’s students, staff, and faculty was conducted to provide consumer research on people’s opinion of SPCS construction and preference of business model aspects. Results showed that 69% of respondents would be more willing to invest in an electric vehicle if there was sufficient charging station infrastructure at the university. Among many recommendations, the business models suggest installing level 1 charging for the majority of entities, and to match entities’ current pricing structures for station use. The manuscript discusses the impacts of fossil fuel use, and the benefits of electric car and SPCS use, accommodates for the present gap in available literature on SPCS business models, and provides current consumer data for SPCS and the models proposed.
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1. Introduction

Transportation is a major source of outdoor air pollution. Transportation accounts for one-quarter of greenhouse gas emissions and one-third of US fossil fuel consumption [1]. Carbon dioxide is one of the principal greenhouse gases, which causes global warming and climate change [2]. Eighty-five percent of the high levels of greenhouse gases in the transport sector, including carbon dioxide, can be attributed to vehicle emissions [3]. The atmospheric carbon dioxide concentrations in May 2014 reached 401.88 parts per million, 50 parts per million over the safety limit for carbon dioxide levels [2]. In order to slow the rate of climate change and to protect people’s health, the amount of air pollutants must be reduced [4]. Specifically, in order to decrease carbon emissions by 80%, electric power must be less dependent on fossil fuels and transportation must be electric [5,6]. Therefore, the United States and the rest of the world need to shift reliance from gasoline powered vehicles and fossil fuel based electricity generation to electric vehicles and renewable energy.

The most viable current options for making this transition are solar (and wind) power generation and increased infrastructure for electric powered transportation. Both of these are important steps in reducing carbon emissions. These two changes can be combined to maximize their impacts: solar power can be used with charging stations to generate electricity to reduce fossil fuel consumption. Many questions surround the adoption of solar power, of electric cars, and the combination of both of these new technologies together as solar powered charging stations (SPCS). However, Tesla Motors is demonstrating the feasibility of this sustainable development by constructing a network of SPCS to provide charging infrastructure in convenient locations for their electric vehicles across the nation. The purpose of the present research is to provide some initial answers to questions about the viability of solar powered charging of electric vehicles including public reception, physical logistics, business models, and economic viability. There is considerable literature related to this topic [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,65,66]; however, there is a need for review of business models for SPCS, which is provided in this work.



2. Survey

An online survey was conducted from 26 June 2014 to the morning of 7 July. The survey was designed for Kansas State University (K-State) students, staff, and faculty to provide consumer research of peoples’ opinions on solar power, electric cars, and the installation of SPCS in campus parking lots. The survey was created on Qualtrics Survey Software and distributed through an advertisement on K-State Today, a daily email with current announcements, to staff and faculty; and through emails to students, staff, and faculty. Participants were entered into the lottery for a chance to win a $50 gift card to the K-State Union. There were a total of 759 respondents comprised of 98 students, 192 faculty, 451 staff, 11 students and staff, five students and faculty, and two staff and faculty. Some respondents are in multiple sub-groups because they share responsibilities of both groups; i.e., someone could be a student at K-State but also work in a staff position. To provide perspective, K-State has about 6600 faculty and staff, and 24,000 students, including undergraduates and graduates [7]. The majority of the respondents were staff members (59%). A large portion of the staff parks on campus and will remain at the university for many years; they will be more impacted by the installation of SPCS in the long-term.

Although these respondents are affiliated with a university, they are also consumers; thus their responses can at least tentatively be extrapolated to a wider consumer base and used to facilitate business model designs. The results of the survey are mentioned throughout the paper and the complete survey questions and results are included in the Appendix.

Table 1 shows how students, faculty, or staff responded to certain survey questions and allows comparison among these different groups.

Table 1. Comparison of survey results for K-State students, faculty, and staff respondents.


	Survey Questions
	Students
	Faculty
	Staff





	Most frequently drive to campus
	43%
	85%
	90%



	Travel 2–5 miles to campus
	52%
	51%
	43%



	Own electric cars
	0%
	3.60%
	0.20%



	Would like to reduce the cost of commute by using electric vehicles
	73%
	69%
	58%



	Are in favor of K-State installing SPCS
	53%
	82%
	75%



	Would like to own an electric vehicle
	36%
	52%
	34%



	Are more willing to invest in an electric vehicle if K-State has the infrastructure
	26%
	44%
	26%



	Believe SPCS on campus will encourage more people to purchase an electric vehicle
	37%
	47%
	36%










Overall, faculty are the most in favor of installing SPCS, are most willing to invest in electric vehicles, and are most believing that SPCS will encourage more electric vehicle purchases. Faculty’s greater interest in SPCS and electric vehicles is likely related to their greater salaries, and possibly more advanced knowledge about electric vehicles and related environmental issues.



3. Values of Electric Vehicles

There are several social, environmental, and economic implications associated with electric vehicles replacing internal combustion vehicles [5]. All-electric vehicles (BEVs) have no tailpipe emissions, which as a result improves air quality and lowers health risks [3]. Electric vehicles also help the nation reduce its reliance on foreign fossil fuels [1]. In addition, electric vehicles have one-tenth the number of parts that gasoline-powered vehicles have [3], thus requiring less maintenance, and saving drivers time and money. For instance, one study (cited in [3]) found that electric vehicle owners save about 46% in annual maintenance costs. Another economic value of electric vehicles is that energy operational costs are about one-third the fuel cost associated with internal combustion engine vehicles [5].

Table 2 shows price comparisons of electric vehicles to an average gasoline-powered car for varying distances traveled. This table compares the average cost it takes to travel a certain number of miles (one way) for an electric or gasoline powered car. The average US cost of electricity per kWh was estimated to be $0.12 [8]. The average US price for gasoline was estimated as $3.749/gallon [9]. All values used were based on 2014 data [10], but the 2013 mpg value for the average gasoline powered car was used [11].

Table 2. Comparison of travel costs for electric vehicles and gasoline-powered cars.


	Distance to Destination (miles)
	Tesla
	Nissan Leaf
	Plug-in Toyota Prius
	Ford Focus Electric
	Chevrolet Volt
	Average Gasoline Powered Car
	Ford Focus (gas)





	10
	$0.42
	$0.36
	$0.35
	$0.38
	$0.42
	$1.63
	$1.21



	20
	$0.84
	$0.72
	$1.02
	$0.77
	$0.84
	$3.26
	$2.42



	30
	$1.26
	$1.08
	$1.77
	$1.15
	$1.26
	$4.89
	$3.63



	40
	$1.68
	$1.44
	$2.52
	$1.54
	$1.80
	$6.52
	$4.84



	50
	$2.10
	$1.80
	$3.27
	$1.92
	$2.81
	$8.15
	$6.05



	60
	$2.52
	$2.16
	$4.02
	$2.30
	$3.83
	$9.78
	$7.26



	Electrical Efficiency (kWh/100 mi)
	35
	30
	29
	32
	35
	N/A
	N/A



	Miles per gallon
	N/A
	N/A
	50
	N/A
	37
	23
	31



	Battery Range (mi)
	208
	84
	11
	76
	38
	N/A
	N/A










The average US driver travels 33 miles each day [12]. Using Table 2, if someone drives 30 miles in total to work, five days a week for 50 weeks of the year (250 days), they would spend $1223 on fuel for the average gasoline powered car or $288 on electricity for a 2014 Ford Focus Electric (using US average of $0.12/kWh) [8]. Thus, they would save $935 on work commute annually by driving a 2014 Ford Focus Electric instead of the average gasoline-powered car. If someone drives 100 miles total to work a day for 250 days, they would spend $4075 on fuel for the average gasoline powered car or $960 on electricity for 2014 Ford Focus Electric, saving $3115 for annual work commute fuel costs. The upfront cost of electric vehicles is often a concern of consumers, but the price of electric vehicles is decreasing with technological improvements in the battery and vehicle [1]. The 2014 Ford Focus Electric costs $35,000, but qualifies for a $7500 federal tax credit reducing the price to $27,500; thus, this vehicle is $2500 less expensive than the average 2014 gasoline-powered vehicle [13,14,57].

Four percent of survey respondents travel at least 50 miles one way to work daily. If an owner of the 2014 Ford Focus Electric needed to travel 100 miles total (50 miles one way) to and from work each day, since the battery range for the vehicle is 76 miles, they would not be able to travel the entire distance on a single charge [13]. However, the vehicle owner could make the commute if they charged their vehicle during work. Consumers already have an interest in charging at work; 64% of survey respondents would like to drive an electric vehicle and charge at work and home to decrease the cost of their commute. Thus, there is value in employers adopting a business model for SPCS.

There are three possible charge levels (level 1–3) for electric car charging stations. Level 1 is the slowest and least expensive charging level for electric cars [15], and charges plug-in vehicles at a power level of about 2 kW, which provides 16 kWh in 8 h. Since typical work-days are eight hours long, the electric vehicle could be fully recharged using this simplest charge level while sitting in the parking lot during the work day. When the vehicle owner returned home, they could plug in their vehicle again, if necessary, to recharge for their next destination. Since cars are parked about 95% of the time [16], it is logical to use this sedentary time effectively and charge electric vehicles while owners work or complete other tasks.



4. Solar Powered Charging Stations

Although electric vehicles reduce carbon emissions and reliance on foreign-oil, emissions issues are still present if fossil fuels are used for electricity generation. However, electric vehicles can be net zero emission vehicles if solar power generates the electricity [3]. Electric vehicles charged using solar power emit 96% less mass of pollutants than all-electric vehicles using the grid (with four percent of pollutants remaining from brake and tire wear) [3]. In addition, photovoltaics emit no noise, chemical pollutants or radioactive substances during use, so they are not added nuisances to the surrounding community [17]. Although solar panels have some carbon dioxide emissions associated with their production, the panels become carbon neutral in two years, and have an average lifetime of over 20 years [3]. Reducing carbon emissions using solar power will help the nation reach proposed US federal plans to reduce the nation’s 2005 carbon emission levels by 30% from the electric power sector by 2030 [18,59].


4.1. Benefits of SPCS

Physically, SPCS are typically structures several feet tall with solar panels on slanted roofs and with an electric charging station underneath. One social value associated with SPCS is convenience since SPCS can be installed at many diverse locations such as work places, shopping centers, restaurants, rest stops along highways, gyms, parks, and more, allowing people to charge their vehicle while completing daily activities [21]. An infrastructure of many SPCS allows EV owners to charge their EV more frequently, which facilitates driving further before returning home. SPCS also provide shade for the charging vehicle. Shade significantly reduces the internal temperature of the vehicle and protects the car from sun damage, such as warping and cracked interiors [21]. A study in Oklahoma [21] found that internal temperatures of small cars dropped from 172 degrees Fahrenheit when in direct sunlight to 111 degrees Fahrenheit when under shade [53]. This lower internal temperature results in more comfortable conditions for drivers entering their car and reduces risk of heat stroke [21]. In addition, when asked how much survey respondents would like to park in shaded parking spaces on a scale of 1–9, 9 meaning “I would like it very much”, the mean score was 6.40 with a standard deviation of 2.45. This average score indicates that the majority of respondents are interested in shaded parking. Another social value of SPCS is shelter since the roof of SPCS protects the vehicle from rain, ice, and snow [21]. This can be beneficial especially in the Midwest of the United States where weather can be unpredictable, and hail and snow are more common.

SPCS can increase the number of green jobs with needs for installation, maintenance, and operation [22]. An estimated number of 4000–5000 jobs will be created per year with distributed photovoltaic power generation [17]. Solar powered charge stations also improve the green image of the establishment that installs the charging stations, and could count towards LEED certification [22]. In addition, SPCS would attract more customers to the establishment [1]. A study showed that 50% of Americans believe it is “very important” that employers are environmentally responsible [1]. Also, that study found that 57% of consumers believe it is important to support products with environmental benefits and 51% will pay more for them, even during tough economic times [1].

SPCS could also serve as an educational tool, especially if installed at a school. The SPCS could raise awareness of solar power and electric vehicles, and could possibly encourage homeowners to install solar panels themselves [21].

Of the K-State survey respondents, 66% were in favor of installing solar powered charging stations for electric cars in campus parking lots. Table 3 shows the percentages for the reasons respondents favor SPCS.

Table 3. Reasons in favor of solar powered charging stations (SPCS) in K-State campus parking lots.


	Reasons
	Percentage





	It would be good for people with electric vehicles to charge their car
	86%



	It would be good for air quality and reducing air pollution
	75%



	It would encourage more electric vehicles
	65%



	It would fit with the 2025 K-State Sustainability Plan
	64%



	It would help the image of K-State
	60%



	It would provide more shaded parking
	40%










As Table 3 shows, most people are in favor of SPCS because they believe it would help those with electric vehicles charge their car, and it would be good for air quality and reducing air pollution. Over half the respondents also believe SPCS would encourage more electric vehicles, would fit with the University’s strategic vision plan, and would help the image of the University.



4.2. Design and Price Aspects

The ideal SPCS would be 27 m2 of solar panel area on an overhead structure with a power output of about 3–4 kW and a level 1 or level 2 electric charge station underneath. Level 1 charge stations are the slowest of three charge levels, with a power level of about 2 kW. Level 1 is also the least expensive charge level, making it the most economical option. The slower level 1 charging rate should not be a concern for those parking for a significant time. For example, for a typical workday or school day employees or university students, faculty, and staff are parked for about eight hours, which is sufficient time to charge the car battery. In contrast, for customers who are parked on average for one hour, like a grocery shopper for example [40], level 2 charging is likely the best option for owners of BEVs [15]. Although this level of charging is slightly more expensive to install, the faster charging rate is more logical for the time spent parked.

A south-facing solar panel in Manhattan, Kansas with a DC to AC derate factor of 0.819 and 39.1 degree tilt, with an area sufficient to cover a SPCS of 27 m2, is estimated to produce an average of 16 kWh per day and 5840 kWh annually. The solar power produced is fed into the grid and electricity is drawn from the grid when an electric vehicle is charging. This design guarantees that an electric car can always be charged and that the generated solar power is always being utilized. SPCS provide many benefits for the installer and customers, but they ultimately are financial investments. Installing a 4 kW solar panel system at $4.00 per watt costs about $16,000 or $11,200 with a federal tax credit of 30% of the net cost at installation; this is an estimate since solar panel costs vary depending on manufacturer, panel type, and installation costs.

The total costs for SPCS depend on the charging station hardware equipment, installation and maintenance costs, and cost of electricity [1]. Charging station hardware equipment for SPCS, such as the communications, charge level, and customer interface, can vary from $500–$7000 depending on the complexity of the system [1]. The $500 equipment is the simplest equipment option where there is a cable and electric connection while the $7000 equipment is the most complex option where there is a pre-built charging station that allows smart metering and collection of customer information [1]. Level 1 charge stations tend to be less expensive than level 2 charge stations. Installation and maintenance prices can range from about $165–$400 on average [1]. Using the estimated values, the SPCS may range from about $11,865–$18,600 per SPCS; but the station costs likely average closer to $18,600 based on previous SPCS installments. When simply considering savings from generated solar power (using the average U.S electricity cost of $0.12 per kWh) [8] and excluding additional revenue for an entity, such as parking permits, the payback period for SPCS is estimated to be about 17 years for the lowest estimated cost and about 26.5 years for the highest estimated cost. Since electricity costs vary from one entity to another and with time of day, these estimated payback periods are also subject to change. Since solar panels produce power during peak hours when demand is greater, they have increased value where time of use (TOU) prices are used. Although the estimated payback periods of 17–26.5 years seem relatively long, other federal incentives or benefits, or partnerships could decrease the cost estimate of SPCS. In addition, SPCS increase a company’s customer base because of its green image [22], which would increase the company’s sales, and provide another location for advertisements [1]. Therefore, the total payback period for SPCS is likely shorter than the estimated range of 17–26.5 years.



4.3. Financing SPCS

There are multiple ways to finance the installation of SPCS including federal tax incentives or grants, partnerships with a utility or business, donations, or purchase power agreements. A power purchase agreement is where a private company pays for the installation and maintenance of the SPCS for an entity, and receives payments from that entity for the power and services received [23]. Once the contract expires, the university or entity can buy the solar charging station system at a reduced price or renew the contract [23]. Power purchase agreements are currently allowed in 22 US states, Washington D.C., and Puerto Rico, but banned by law in NC, GA, FL, IA, OK, KY and are unclear or unknown in the remaining states [23].

Table 4 shows the percentage of respondents who were in favor of certain financing options for SPCS.

Table 4. Finance Options for Solar Powered Charging Stations.


	Finance Option
	Percentage





	Federal grant
	73%



	Partnership with electric charging station company
	57%



	Income from user permits
	55%



	Power Purchase Agreement
	51%



	Partnership with Westar Energy Utility
	51%



	Donations to K-State Foundation
	50%



	Tax incentives
	31%



	University funds
	22%










The results in Table 4 suggest that respondents are open to many different finance options, which is a positive result since installers of SPCS may likely use several financial avenues to fund an installation. Also, the actual financing of SPCS that have been installed includes several of the options in Table 4. Goldin et al. have reviewed the financial aspects of several SPCS [3]. Federal grants have been received and used to help finance many of the early installations [3]. Electric charging station companies have been a partner in many installations [3,61,62]. Income from users of the charge stations is common; in some cases the charge is for parking; in other cases it is for the electricity; in other cases there is a fixed charge similar to a user permit [3,61,63]. For some installations, the SPCS are installed and financed by a power company [46,47,64]. Tax incentives have reduced the cost of the installation of SPCS [3]. Examples of SPCS financing include the Tesla Supercharger network which is financed by Tesla and provides free rapid charging to Tesla owners [30,41]. The sales of new Tesla vehicles provide the income to pay for the network. Similar to the Tesla Superchargers, in the Netherlands the Fastned network is being installed by a corporation that has many investors [63]. The investments and revenue from those who use the stations to charge their vehicles are financing the construction of the charging network [63]. In addition, Stanford University proposed a scenario of installing SPCS on campus and using a power purchase agreement to fund the purchase and installation of solar panels [24].

Another important aspect to consider for SPCS is the parking price structure. The three most common pricing structures that universities, businesses, utilities, and cities have used for charge stations include free charging, metered charging, or a flat rate. Since free parking is already provided at many businesses or around town, these entities often choose to provide free charging to encourage customers to use the stations and to have a competitive edge over other businesses [22]. Cities or companies that already have a pricing structure, that cannot financially support free charging, or that want to avoid scrutiny of customer preferential treatment often choose to provide metered pricing [22]. Metered parking is best when drivers are not parked for many hours and when level 2 charging is used. These hourly charge rates encourage vehicle turnover and prevent the exploitation of a charge station, Metered pricing must be reasonable to compete with other businesses [22].

Entities usually have flat parking rates when customers or employees are parked for many hours a day, multiple times a week. Level 1 charging is often the most logical charge level to use for these situations. Since level 1 charging takes several hours and the cars are often parked for about eight hours a day (typical workday), 250 days of the year, it is more reasonable for the user to pay a flat rate rather than pay an hourly price every day. This option is also more convenient for the driver since they do not have to move their car during the workday as they would with metered charging. The survey proposed two permit price structures for use of SPCS. One price structure option was for all drivers to pay the same price, but slightly higher than usual, for their parking permit, and all drivers have access to the SPCS. However, 77% preferred the staggered price structure instead, in which, drivers who park in open lots without using the SPCS have the least expensive permit, drivers who park under the SPCS for simply use of the shade and shelter have a slightly more expensive permit, and drivers who park under the SPCS to charge their car have the most expensive parking permits. The average amount survey participants chose to pay more for their annual permit to park in the shade was $25. Since shade is typically a free commodity, the fact that these respondents are willing to pay extra for it indicates that consumers value this benefit.




5. Electric Charge Station Infrastructure

Consumers hesitate to purchase electric vehicles because of high costs, concerns of battery capacity, and lack of charge station infrastructure [26]. Consumers fear that the electric vehicle would need to be charged before they reached their destination or located a charging station, experiencing “range anxiety” [3]. With recent technological advancements, battery capacity and large costs are no longer major barriers to electric vehicle purchase; however, lack of charging station infrastructure continues to be a major concern [3,26].

To provide perspective, as of May 2014, there are about 200,000 plug-in EVs sold in the US and 20,000 publicly available electric charging stations located throughout the nation [27]. As a result, there are about 10 electric cars per public charging station. Plug-in electric vehicles need to be charged every day or every other day. Thus, there is a need for a greater number of SPCS to satisfy the growing demand. In addition, several hours to charge an electric vehicle is a relatively large amount of time to allot in one’s schedule; therefore, vehicle owners must be able to charge their car while completing other tasks or at home. More SPCS need to be available at work sites, shopping centers, restaurants, and other places where drivers spend time in addition to their homes.

Electric car charging cannot follow the same model as gas stations. Instead, electric car charging needs to be incorporated within existing parking lots so that drivers can multi-task and run errands, eat, or work as their vehicle is charging. Electric car charge stations need to be located along highways to facilitate drivers making long trips. Tesla Motors has started building Superchargers along major highways at places like restaurants and motels that allow drivers to eat or sleep while recharging their car before continuing their drive [30]. Charge stations can be built at restaurants and rest areas, which have restrooms, vending machines, and maps, and provide additional amenities such as wireless Internet connection for people to use their electronic devices and multi-task as their car charges. Infrastructure must also be developed in locations around town for those completing everyday tasks such as working, eating, buying groceries, or spending time at the gym or library. As the number of electric vehicle owners increases, places that lack charging stations could lose business.

With technological improvements, the time for electric cars to charge will decrease. However, more strategically placed solar powered electric charging stations are still needed to increase the locations that are available and decrease the ratio of electric cars to charging stations [5]. If there is greater car charging infrastructure, a positive feedback loop will be initiated and more drivers will purchase electric vehicles [5]. Currently, 1% of survey respondents own an electric vehicle, but 31% are more willing to invest in an electric vehicle if the university has sufficient charging infrastructure. If there happens to not be many electric cars in the area yet, installers of the SPCS could still feed solar power into the electrical grid, and customers or employees with any car could use the charging stations for shade and shelter [5].

NRG Energy Inc. has installed hundreds of eVgo charging stations in California, Washington DC, and Texas with plans for more charging station installations. Coulomb Technologies has installed over 4600 stations in Texas, Florida, New York, Michigan, and other US regions, and more stations in 13 other countries [31,32]. These companies and others have begun building the necessary electric car charging station infrastructure and have played a key role in the growth of electric vehicles. Thirty-one percent more electric vehicles have been purchased in the first five months of 2014 compared to the first five months of 2013 [27]. As the number of electric vehicles increase, the number of solar powered electric charging stations must increase to support the greater charge demand and to avoid overloading the grid [3]. If there is a 30% increase in plug-in hybrid electric vehicles, there may be a 1.5 time increase in peak load electricity consumption in a residential area [19,20]; SPCS can help meet this peak load.

For entities that decide to install SPCS, an aspect to consider is where to best locate them. In the survey, specific K-State parking lots and locations were proposed to respondents including west of old stadium/alumni center, the Federal National Bio and Agro-Defense Facility on campus, north of Call Hall, a location near the building they frequent most, the Bill Snyder Family Football Stadium, and a central location on campus.

Descriptions of the K-State locations with pros and cons were included in the survey questions and are used in Table 5; these can be applied to parking lots with similar characteristics at other universities, businesses, or entities. Respondents scored the proposed locations a number between 1 and 9 where 1 meant not a good location at all and 9 meant an excellent location.

Table 5. Preferred Locations for SPCS.


	Location
	Mean Score
	Standard Deviation





	Large lot, often with available spots for parking, but quite far from main buildings
	5.48
	2.57



	Federal building on campus. SPCS would mainly be for federal employees but would support the new federal emissions rule *
	4.75
	2.68



	A certain lot with a central location on campus, but not many buildings relatively close to the lot
	4.62
	2.49



	Location near building respondent frequents most
	4.54
	2.77



	Football Stadium at far end of campus
	4.12
	2.73



	Central location on campus in general
	3.97
	2.46





* The proposed new US federal emissions rule involves reducing the nation’s 2005 carbon emission levels by 30% from the electric power sector by 2030 [18,59].




When observing the results, it is evident that the location with the highest score was not a central location on campus, which may have been expected, but rather a large lot with many available parking spots that is located far from main buildings. Some survey respondents expressed concerns about SPCS reducing the number of available parking spots, making it more difficult to find a place to park; therefore, this large lot may have the highest score because it has open spaces available most of the day. In addition, the second highest scoring location is a new federal building planned to be built on campus. It is possible respondents favored this location because the future parking lot could be constructed with extra parking spots for SPCS. The federal building lot may also rank second because it would support the proposed new U.S. federal rule to reduce greenhouse gas emissions [18,59], which was mentioned in the survey question. The survey respondents’ preferences and hesitations associated with SPCS installations indicate the concerns the majority of non-EV owners may feel with the construction of SPCS. These anxieties should be considered when designing an entities’ SPCS business model. When looking specifically at the preferred SPCS locations of respondents who own electric cars or would like to own an electric car, the most favored locations were large lots with many available spots and multiple locations so there is a station near the building they most frequent.



The reduction of greenhouse gas emissions and the improvement of urban air quality can be accomplished through the electrification of transportation, increased SPCS infrastructure, and greater renewable energy generation. This can be achieved with present technology, but the transition is expected to benefit from continuing advances in solar energy, battery technology, and SPCS developments. Additional choices in electric vehicles and plug-in hybrid vehicles are expected as more individuals select these options. As the world moves forward with new emission guidelines, reducing their countries reliance on fossil fuels, and upholding other environmental policies, it is important countries continue building electric car charging infrastructure that incorporates solar power.



6. Business Models

A business model for SPCS describes the rationale associated with providing value in social, economic, and environmental contexts [65,66]. For commercial companies, a business model is a plan to generate revenue and make a profit from operations [65]. For SPCS, the social value of conveniently located SPCS, the environmental value of green solar energy, and the economic aspects are important parts of the business model to be addressed [65,66]. The payback period, the length of time required for the income associated with an investment to equal the capital invested, is often used to evaluate alternatives.

The survey results can be used to design business models for various situations in which SPCS may be viable to install, as well as identify parameters outside of which the installation of SPCS are not yet economically recommended. In addition, the survey results can indicate the opinions or hesitations the general public may have with aspects of SPCS installation and logistics. The preliminary models developed here include models for non-profit organizations (using universities as an example), industries like single businesses and shopping centers, utilities, public parking, and federal and state governments. Because of length of time and frequency, workplace charging has been given more attention. The U.S. Department of Energy has a popular Workplace Charge Challenge program with over 60 participating companies and organizations [56].


6.1. University Non-Profit Organization Model Parameters

Parking services at large non-profit organizations, such as universities, are often self-supported. The income acquired from the parking permits and citations is used to develop and maintain the university parking lots. The majority of university students, faculty, and staff park in open parking lot spaces, as the survey shows, in order to save money and park in more convenient locations. Installing solar powered charging stations in these lots can provide some of the benefits a parking garage provides, such as shade and protection from weather, but at a more convenient location and comparable price to parking garages. Although the amount of electric vehicle ownership at universities is still relatively low overall, the survey indicates that there is a growing interest in owning an electric vehicle and support for the installation of SPCS. The purchases of electric vehicles are expected to increase with the greater availability of electric car charging stations [5,41].

SPCS have been estimated to be about $11,865–$18,600 each. SPCS seem to be relatively expensive, but there are values associated with these stations in addition to power generation and charging such as shade, protection from rain, ice, and snow, the improved image of the university, and reduced carbon dioxide emissions that make the price seem more reasonable [21]. Student, staff, and faculty do not need to own an electric car to use the shade and shelter of the SPCS. When considering the value of these benefits, the charging stations have the potential to be successful.

When considering methods to finance SPCS, there are multiple options; one popular option many installers use is tax incentives. In order to qualify for certain renewable energy credits or tax incentives, the university may need to form partnerships with other companies [5]. Federal tax incentives include the Solar Investment Tax Credit, which provides a 30% tax credit for solar systems, valid through 2016 [33]; the Renewable Energy Property Tax Exemption, which exempts renewable energy equipment from property taxes [60]; the Electric Vehicle (EV) Infrastructure tax credit, which is a 30% credit of the charge station cost with a max of $1000 for consumers and $30,000 for businesses [34]; and Business Energy Investment Tax Credit (ITC) which equals 30% of expenditures [34]. The Database of State Incentives for Renewables and Efficiency is a helpful database that lists incentives for all US states, and should be further perused for updated tax incentives [35].

A partnership with an electric charging station company may also be a viable option for financing SPCS for a non-profit organization. For example, ChargePoint, an electric charging station company, donated a charging station to K-State, which charges an hourly rate for use of the station. The company benefits from receiving 10% of the monthly revenue generated from use of the station and from customers subscribing to the ChargePoint infrastructure [36]. On the other hand, K-State benefits from receiving the charging station for free and 90% of the income generated from station use, while improving their image. A similar scenario could be followed at other universities.

Another possible finance option is a partnership with a business. In this case, the business purchases the SPCS and pays for the installation, but in return receives free advertising on the campus charge station for a certain number of years. Spending about $11,865–18,600 per station in return for multiple years of free advertising on a college campus can be an attractive deal for businesses. This partnership allows the university to spend no money on the charge stations, but still improve their image, generate revenue from station use, and reduce their electricity bill with generated solar power. In addition, it allows businesses to reach a large advertising audience for multiple years. The university could request Tesla Motors, Nissan, or Chevrolet to donate a SPCS for example and in exchange the car company would receive free advertising. Partnerships with businesses or electric charging station companies (or both) are win-win situations.

Most universities sell annual parking permits for students, faculty, and staff to park on campus. University permit parking prices vary depending on classification as student, staff, or faculty and the location of the parking for faculty and staff. For example, K-State students pay $170 for an open parking lot spot while K-State faculty and staff pay $150–$190 for an open parking lot spot, $410 for a preferred garage spot, and $610 for a reserved garage spot [37]. The addition of solar powered charging stations on campus will alter the pricing structure for university parking. Based on survey results, the best pricing structure is staggered pricing where it is least expensive to park in open lots without using the SPCS, slightly more expensive to park under the SPCS to simply use the shade and shelter, and most expensive to park under the SPCS to charge an electric vehicle. The average amount survey participants chose to pay to park in the shade in addition to their existing parking permit price was $25. Therefore, for the new pricing structure the shaded parking spot prices would be $25 more expensive than the average spots, and the parking permit prices for using the charging station would be about $300 more expensive. The additional $300 is actually a reasonable pricing amount because it includes not only shade and shelter (amenities which parking garages provide), but also allows unlimited charging for electric cars. When comparing the new permit price to the K-State case, it is evident the SPCS charging permit is actually between the $410 and $610 K-State garage permit prices. Thus, the additional $300 for unlimited annual charging appears to be a reasonable price that provides several benefits and is comparable to current university permit prices.

As already mentioned, the estimated payback period for SPCS is slightly below or equivalent to the typical 25-year warranty for solar panels [38]. It is important to remember that the payback period would decrease with the addition of tax incentives, partnerships, and user parking permits, which 55% of respondents were in favor of. Also, the payback period could decrease further if the university or non-profit entity slightly increases the permit prices annually.

Besides price and payback period, another logistical aspect to consider regarding SPCS is location. According to the survey results, the majority of respondents prefer SPCS to be placed in parking lots that are typically located far from main campus buildings but have an abundant amount of parking spaces. Most respondents seemed to value available parking spots higher than conveniently located parking. Respondents who own or would like to own an electric car preferred locations for SPCS in large lots with many available spots or in multiple locations. The future plans for the university should also be considered when planning locations for SPCS. For example in the K-State case, the University has a 2025 Master Plan that plans to move surface parking from around campus locations to the Bill Snyder Family Football Stadium parking lots at the edge of campus where shuttles will take people to campus [39]. Therefore, in anticipation of this future plan of campus parking relocation, it is logical for K-State to build some SPCS at the Bill Snyder Stadium lots.

There is also value for other universities to build SPCS at their football stadium parking. Often many alumni will attend university football games and may travel many miles, especially in the Midwest of the US, to attend the games. Thus, it would be convenient to have a charge station infrastructure to allow commuters with electric vehicles to charge their car during the game, especially if the commuter could not return home on the remaining battery charge otherwise. Tailgating and football games often last for about 6 h or more collectively, which is sufficient time to charge many of the car batteries. Another benefit includes allowing alumni or others to use the charge stations for social reasons as they tailgate before a football game. The SPCS would provide shade and shelter for the tailgating party. In addition, level 1 SPCS would allow tailgaters to plug in their television, grills, or other electronics. The SPCS would be an additional tailgate amenity, making alumni’s football game experience more enjoyable. The SPCS in the football parking lots would demonstrate to alumni and other game-goers the sustainability progress the university is making and thus further improve its image. In addition, the SPCS could generate more revenue for the university if tailgaters or electric vehicle owners were charged for use of the station. Extra income from tailgaters would help pay for the cost of the SPCS installation and maintenance, further reducing the payback period.



6.2. Industry

A number of employers now have workplace charging for their employees and customers [56]. Many benefits associated with SPCS related specifically to businesses include increased clientele base, credit towards LEED certification, shelter, convenience, and a car charging service for customers and employees [5,22]. As Table 3 demonstrates, customers value that SPCS encourage more EV purchases, improve air quality and reduce air pollution, improve the image of the establishment, and provide more shaded parking.

Customers typically spend an average of one hour at a store [40]; therefore, SPCS at these businesses should be capable of both level 1 and level 2 charging. Level 1 charging is needed because some electric cars only have capacity for this charge level, some employees or customers may be parked for a significant time in the lot, and because level 1 is the best level to use with solar power. Level 2 charging is needed because it will allow customers to almost or completely charge their vehicle in the time they are shopping at the store [15]. Since a SPCS generates about 4 kW, solar power cannot provide all the electricity required for a 7 kW level 2 charge station. Thus, the SPCS must be able to access electricity from the grid when necessary.

Since the average industry electricity cost is less than the average residential electricity cost (although exact electricity costs vary by region and negotiated agreements) [8], the estimated payback periods may be larger for industry compared to residential. Despite the larger estimated payback period, businesses may continue to invest in SPCS due to the associated benefits such as improved green image, shade, convenience, and wider clientele base [5,22]. In other cases, charge stations are installed without solar panels.

Due to the relatively high initial cost for SPCS, the economics of industrial-based SPCS do not seem particularly attractive at this point. However, some businesses are proving this perception incorrect. For example, Tesla Motors is working to install electric vehicle Superchargers across the US and other countries as well. Superchargers are 120 kW chargers that have the capability of charging 50% of a Tesla car battery in 20 min [30]. Each station also has a half-megawatt-hour battery pack [30]. Tesla is also working to have every charge station have grid storage capabilities and solar power [41]. There are already 102 stations in North America with complete East and West coast coverage and coast-to-coast travel in the US, as well as 44 stations and nine stations located in Europe and Asia, respectively [30]. The chargers are located near other amenities like restaurants, shopping centers, and cafes, allowing users to complete another task while their car is recharging [30]. Each Supercharger costs $150,000 to install, but use of the station is free for Tesla car owners [41]. The solar panels, covering six parking spaces, add an additional $150,000 to installation costs [41]. These high upfront costs may seem prohibitive, but Tesla Motors’ business model is faring well. The provision of free, abundant, quick charge stations is reducing customers’ anxieties, like range and prevalence of stations, and encouraging customers to purchase Tesla’s electric vehicles [41]. Tesla is also able to use the half-megawatt-hour battery pack to avoid utility “demand charge” fees that occur if a Model S Tesla plugs into the grid, causing high increases in electricity use [41]. The battery pack may be used in the future for grid services, like grid stabilization, which would generate additional revenue for the company [41]. Superchargers help support Tesla’s business model and play a large role in increasing the number of electric vehicle purchases. Despite the high initial costs for the Supercharger infrastructure, Tesla is demonstrating SPCS to be a feasible investment.


6.2.1. Single Business

The typical payback period for businesses to invest in an item or technology is 5–7 years [55]. The larger estimated payback period for SPCS is significantly greater. One option for a business to install SPCS in an economically viable way is to engage in a partnership with another entity to share the cost.

NRG eVgo has partnered with Walgreens and is installing 120 electric car charge stations across areas in Texas [42]. Walgreens is serving as the host site for the stations while NRG eVgo pays for the installation and maintenance, and offers subscription plans of monthly flat rates for customers [42]. Walgreens is able to benefit from having the electric car charging stations by increasing their customer base and improving their image without paying for the charge stations. Establishing partnerships with another entity reduces the initial cost associated with SPCS.

According to the present survey, 57% of respondents were in favor of the business partnership finance option. The host business and SPCS owners both benefit from this partnership. The host company receives the benefits of SPCS, such as improved image, greater customer base, and shaded parking for free while the partnering company is able to market their name, improve their own image, and increase their profits from customers’ charging. In this case, the two partners usually determine the pay structure for the stations, which can be free charging, a membership flat fee, or an hourly rate. It is best to model the new pricing structure based on the current parking price structure at the host business; this provides consistency and reduces customer accusations of preferential treatment [22] (pp. 28–31). If parking at the host business previously was free, it should continue to be free for customers to use the charge stations in order to compete with other businesses hosting charge stations [22] (pp. 28–31). If parking at the host business previously cost money, the business should use the same pricing structure (hourly rate or flat fee) for the SPCS fees, although the prices may be higher.

Another viable form of partnering for the installation and use of SPCS at a reduced cost, if allowed in that state, is power purchase agreements (PPA), which 51% of survey respondents favor. PPA reduce the initial investment and maintenance cost of SPCS for host businesses since the partnering business owns the stations and thus funds the project [23]. The host business would pay a contracted fee for the SPCS to the partnering station owner for a certain number of years, usually around 25 years, until the contract ends. Once the contract ends, the host business could purchase the SPCS from the owners at a reduced cost or renew the contract. This agreement allows host businesses to avoid the initial upfront cost of the SPCS installations, and allows the partnering business to benefit from the financial incentives and market their company name [24]. Partnerships can allow multiple entities to benefit from the installation of SPCS.



6.2.2. Shopping Center

A shopping center can have 10 or more businesses in a plaza with shared parking spaces; if the 10 businesses share the cost of the SPCS, this has a benefit similar to sharing the cost of the parking area. SPCS would improve the plaza’s image and draw more customers to the entire plaza, benefiting all the businesses.

Parking offered in shopping centers is usually free; therefore, the SPCS should also be a free amenity. In order to pay for the SPCS installation and maintenance, and the electricity consumed that is not already offset by the generated solar power, the businesses could use store income [5]. Another possible option is for the government, with the community’s approval, to engage in an agreement with several shopping centers around town, allocating a percentage of sales tax to cover SPCS installation and maintenance costs. Using sales tax allows customers to indirectly pay for the SPCS as they purchase food or items at the shopping center stores. Those who do not have EVs can benefit from shaded parking provided by the SPCS.

If not all the businesses in the shopping center are interested in financing SPCS, the businesses who are interested could still split the cost or engage in a partnership or PPA with another entity. The participating businesses could require customers to use a loyalty card or a code, available only at their stores, to use at the SPCS; this way, the other businesses not paying for the SPCS do not receive the benefits of improved image or increased clientele for free [22].

Since the solar panels on SPCS are designed to feed electricity straight into the grid, it does not matter what time of day electric vehicle owners charge their car. Therefore, it is not an issue that many customers typically shop at shopping centers in early to late evening when there is little or no solar energy generated; the SPCS will be just as beneficial and will provide the needed infrastructure.




6.3. Utilities

Utilities often deal with a reputation of being anti-environment due to their continued fossil fuel use. Utilities can improve their image with the installation of SPCS. Most customers would be more inclined to support a utility if it is advancing environmental initiatives, like electric vehicles and SPCS [1]. Regulated utilities have the obligation to provide power at a profitable rate and to provide power for electric vehicles at public locations. SPCS could generate more revenue for utilities while providing necessary charging infrastructure, and counting toward the Renewable Energy Portfolio if present in that US state. The Renewable Energy Portfolio Standard (RPS) is a mandate designed to increase electricity generation from renewable sources like solar, wind, and biomass [43]. There is no national RPS for the US, but 31 states currently have an RPS and seven other states have renewable or alternative energy goals [44]. This standard has been effective in encouraging electricity producers to increase the percentage of their electricity generation on renewable sources rather than fossil fuels [43]. In addition, SPCS would help utilities meet the proposed new US federal rule to reduce the nation’s 2005 carbon emission levels by 30% from the electric power sector by 2030 [18,59]. Another benefit is that the utility could sell electricity when the utility’s SPCS are being used in the evening or at night (when there is little to no solar power generated).

Utilities have the opportunity to partner with businesses or universities, supplying SPCS for an entity that serves as the stations’ host. According to the survey, 51% of respondents are in favor of a partnership with a utility to fund SPCS. Austin Energy, located in Texas and the nation’s eighth largest public owned utility, has engaged in partnerships with Wal-Mart, Sam’s Club, H-E-B, and Denny’s to install SPCS at locations around Austin [45,46]. By January 2013, Austin Energy’s electric car charging sessions collectively helped save 7363 gallons of gasoline, and the electric charging, which is totally powered by renewable energy, helped prevent 1391 pounds of greenhouse gases from being emitted into the atmosphere [47]. Other utilities can also have a positive impact on the environment and market this fact with the installation of SPCS. In addition, utilities can use electric vehicle batteries as grid stabilizers, similar to Tesla’s Supercharger battery, which is helpful for the utility’s operations [48]. Benefits for SPCS host businesses include increased clientele base, improved image, and recognition for the support of renewable energy and encouragement for more electric vehicle purchases [22]. It is still being debated in some states whether utilities can own and operate charging stations, and whether utilities should be the only ones to own public charging stations [49]. Most states have yet to rule on this issue, but those who have, such as Washington and Oregon, have permitted utilities to own public stations [49].

In order to pay for electricity consumed, Austin Energy customers engage in a six-month subscription for unlimited charging within the network or pay an hourly fee for use of the SPCS [46]. For other utilities, subscriptions, hourly priced charging, or a price per kWh of electricity used are also viable finance methods for level 1 and level 2 SPCS. The SPCS charge level would depend on the utility’s partner and customer needs.

Unlike other entities, utilities have the ability to charge a certain price per kWh of electricity used if sanctioned by the utility regulatory agency that approves prices. For example, if approved, the utility agency could charge $0.15 per kWh of electricity delivered at a charge station, which would be $0.05 per mile for an electrical vehicle that averages 3 miles per kWh. With this charging structure, the payback period for SPCS is 13.5–21 years. This $0.15 per kWh charge rate is a reasonable price for utilities that results in a profit, but it is slightly high for the consumer. However, the idea for these higher priced SPCS is to have these stations available in many locations so customers can use them if they need to recharge. With an appropriately regulated price per kWh charge rate, it is profitable for the utility to sell power from the grid at the charge station.

Another finance option for these utility-owned SPCS is metered charging where customers pay an hourly rate for use of the station. This allows for vehicle turnover and encourages customers to be more conscious of their electricity consumption [25,58]. To streamline the payment process, customers could simply enter their utility account information into the station and add the hourly charging fee to their utility bill [22].

Subscriptions are another option that ensure the utility a set amount of revenue each month and allow the customers to charge their vehicle however often they want that month.

Charging a fee to use a charging station located at host businesses with general free parking risks low use of the station due to the competition of free charging from other entities [22]. Customers would likely not be pleased to pay to park and charge their vehicle, when parking is usually free, and might go elsewhere to charge their vehicle. For example, survey respondents were asked how much they would be willing to spend for shaded parking, which is usually a free commodity, and 33% were not willing to spend any money. Thus, customers may choose to go to free charge station parking locations. Therefore, it would be in the utility’s and host business’s best interests to provide free charging if free parking is already offered. The electricity provided at the charge stations can be free to the EV owner, but paid for by the business associated with the parking lot. Time limits could be placed on the charging to encourage turnover and prevent exploitation of the free charging. In order to ensure that only customers use the charge stations, businesses could require customers to use a loyalty card or code, available only at their store [22]. Another finance option includes charging businesses to place advertisements on the charging stations and using this additional revenue to help cover free charging costs. There are several finance options that utility-owned SPCS could employ. A partnership with a utility and the businesses they serve can be an effective option for increasing the SPCS infrastructure.



6.4. Public Parking Model

In cities, particularly in downtown areas, businesses often do not own parking lots, but rather the city does. Public parking is provided along streets and in lots, where there is free or metered parking, and in parking garages, where there is often an hourly rate. Parking availability is viewed as an incentive for downtown investment opportunities [50]. Independent business owners in these urban areas believe that accommodating vehicle users allows the businesses to compete with suburban shopping centers [50]. Customers of these businesses are from immediate and surrounding communities, and often travel downtown for errands, dining, or entertainment purposes. The local economy is improved when other city dwellers also travel to the city and spend money. However, electric vehicle owners with significant commutes may be hesitant to travel the long distance to the city if charge stations are not provided. The commuter may be unable to return home without charging their car battery beforehand. Therefore, it is wise for cities to install SPCS for public parking to encourage economic activity from these commuters as well as from other electric vehicle owners and environmentalists.

In areas with free public parking, which are often less convenient or less frequented places, free charging for SPCS should be provided. Free charging will encourage electric vehicle owners to travel to this city or area over another, and will entice them to shop at local businesses. Charging for SPCS spots adjacent to free spots, conversely, could discourage electric vehicle owners from using the stations and may cause them to charge elsewhere.

For parking spots with metered parking, SPCS should be provided with hourly rate charging. Charging an hourly rate will encourage more vehicle turnover, allowing more drivers to use the well-located SPCS spaces.

Both level 1 and level 2 charging options should be provided. Level 1 should be provided since some electric vehicles can only handle this level charging and some customers spend the majority of their day in town. Level 2 should also be provided since some customers only stay in the city for an hour or two and thus need a faster charging rate. Level 2 charging should also be used for metered parking since drivers will be parked in these spots for shorter times and will need a faster charging rate.

Cities can use a portion of sales tax to help pay for the installation, maintenance, and electricity usage of the SPCS as long as the community and government approves. Customers who are using the SPCS are purchasing items at the local businesses while parked, so the customers would be indirectly paying for the charge stations with sales tax. In addition, since commuters or tourists must pay sales tax as well, using this tax to fund SPCS seems logical.

Other options for financing SPCS include federal tax incentives, federal grants, or a partnership with a utility or company. For example, the city of Saint Paul, Minnesota partnered with the utility Xcel Energy and installed two SPCS. The stations were paid for partly by Xcel Energy and the City of St. Paul, and primarily by the US Department of Energy federal stimulus grant [51]. This city and utility partnership has worked well for St. Paul and these entities are continuing to work with businesses and non-profit entities to develop electric car charging infrastructure in Minnesota [51].

SPCS have an estimated 17–26.5 year payback period when simply considering revenue received from generated solar power (although this varies by utility and region). This payback period decreases, however, when factoring in federal incentives, grants, or partnerships the city has formed. In addition, revenue from sales tax and hourly charge rates for charging, if implemented by the city, can also decrease the payback period further. To further decrease the payback period, the revenue rate for SPCS can also be increased annually. Cities may still choose to invest in SPCS no matter the payback period because of the benefits associated with them such as infrastructure for EVs, shade, convenience, and improved image [5,22].



6.5. Federal and State Government Model

Created under the Obama administration, a new federal plan has been proposed that calls for the reduction of 30% of the US’s 2005 carbon emissions from the electric power sector by 2030 [18,59]. The US federal and state governments have the opportunity to lead the nation by example and work towards achieving this plan through the installation of SPCS in federal and state employee parking lots. Other country governments also have the potential to lead by example by integrating SPCS throughout their government’s existing physical infrastructure.

Since employees typically work 8 h days, level 1 charging (the less expensive installation option) is sufficient for the charging infrastructure. Use of the charge station should be free and can be considered an employee benefit. US federal employees can currently apply for the Transit Benefit Program, an employer provided benefit that encourages employees to use mass transit for their work commute by providing a monthly stipend that covers commute costs [52]. Mass transit is encouraged because it decreases emissions and the nation’s reliance on fossil fuels. Providing free SPCS charging is equivalent to providing a mass transit stipend. Free charging will improve the image of the federal agency, support the proposed new US federal plan or other country’s plan to reduce emissions, and encourage purchases of electric vehicles. Therefore, federal and state government agencies should install SPCS in employee parking lots and provide free charging as an employee benefit.




7. Conclusions

In order to decrease carbon emissions, electric power must be less dependent on fossil fuels and transportation must be electric. Due to electric vehicles’ current high purchase costs and high costs of battery capacity, the infrastructure for charging stations must be increased to encourage more EV purchases. A significant SPCS infrastructure generates electricity for the grid and provides locations for public charging. In addition, the charging infrastructure must be integrated with the existing physical infrastructure, such as shopping centers and work places, to allow drivers to charge their vehicle while completing other tasks. Non-profit organizations, businesses, utilities, cities, the government, and other entities have the ability to facilitate this transition to an electric charge station infrastructure. There are key aspects these or similar entities should consider when designing their business models. One includes determining the best fit SPCS charging levels (level 1 or 2 or 3) for the consumers, which depend on the amount of time parked at the facility. Level 1 charging should be provided for vehicles parked for a full work day or about eight hours or more. Level 2 charging should be provided for vehicles parked about 1–2 h. Also, several financial avenues should be pursued to reduce the initial cost of the SPCS. The most widely used options include federal and state tax incentives, or a partnership with another business or charging company. The pricing for use of the SPCS largely depends on their current pricing structure for parking. Entities with free parking should primarily provide free charging, whereas those with metered parking should charge an hourly rate. Maintaining a similar price structure provides consistency.

Implementing SPCS into an entity’s parking provide benefits such as improved image, increased clientele base, credit towards LEED certification, as well as convenience and shade for customers [22]. In addition, benefits of constructing SPCS extend beyond the entity and associated consumers; it provides a greater charging infrastructure for electric vehicles and helps shift the nation from a focus on fossil fuels to alternative fuel sources.






Acknowledgments

Thank you to the National Science Foundation for partially funding this research with the REU EEC-1166549 grant and thank you to Black and Veatch for their funding as well.



Author Contributions

Jessica Robinson: The main author for this publication who wrote the survey questions, conducted the survey, recorded and analyzed the responses, conducted the literature review, made calculations such as payback period, and wrote the manuscript.

Gary Brase: Gary Brase assisted with the Institutional Review Board Process, editing the survey questions, and with the survey process. He advised ways to word survey questions and ways to distribute the survey. He also assisted with editing the manuscript and added a paragraph when necessary.

Wendy Griswold: Wendy Griswold assisted with the Institutional Review Board process, editing the survey questions, and editing the manuscript.

Chad Jackson: Discussed and provided guidance for business models, and edited the manuscript.

Larry Erickson: Larry Erickson served as a research mentor to Jessica Robinson. He assisted with the planning process for the project, the Institutional Review Board, editing the survey and manuscript, and the survey process. He helped distribute the survey and the survey prize gift card. He added a paragraph when necessary to the manuscript and helped with some of the calculations. He also provided guidance and advice during the duration of the project.




Appendix


Survey Questions


Section 1:


	Are you a student, faculty or staff?


	Student—14%


	Faculty—27%


	Staff—61%





	What is your age?


	18–22—10%


	23–30—12%


	31–40—17%


	41–50—19%


	51–60—31%


	61–70—9%


	71 or more—1%





	How do you get to campus most frequently?


	Walk—10%


	Bike—2%


	Drive—83%


	Carpool—4%


	Public transportation—0%


	Other—1%





	How many miles do you travel one way to get to campus?


	0–1 miles—13%


	2–5 miles—44%


	6–10 miles—15%


	11–20 miles—10%


	21–30 miles—7%


	31–40 miles—5%


	41–50 miles—2%


	51–60 miles—2%


	61 miles or more—2%





	Do you own or have use of a car?


	Yes—100%


	No—0%





	Do you have an electric car?


	Yes—1%


	No—99%





	What type of electric car do you drive?


	All electric plug-in—0%


	Plug-in vehicle that also uses gasoline—25%


	Gasoline vehicle that uses some battery, but is not a plug-in vehicle—75%





	Do you park a vehicle on campus or plan to in the next 9 months?


	Yes—93%


	No—7%





	Do you typically park a car or motorcycle on campus?


	Car—99%


	Motorcycle—1%





	What type of permit do you have?


	A permit to park in open parking lots—78%


	A permit to park in a reserved space in an open lot—4%


	A Reserved permit to park in the garage—4%


	A Preferred permit to park in the garage—8%


	I do not have a permit—6%





	Please help us understand why you park in the garage. You may select all answers that apply to you.


	The garage is a convenient location for me to park—86%


	The price seems reasonable—23%


	I value the ability to park in the shade—57%


	I value the shelter from rain, ice, and snow—77%


	I want the protection for my car, so it stays looking nice—31%


	I want the interior temperature of my car to not get too hot or too cold—38%


	I want to help pay for the garage—1%


	It is easier to find an open parking space in the garage—47%


	Other—22%





	Why did you decide to not pay the additional cost to park in the garage? You may select all answers that apply to you.


	The garage is not a convenient location for me—65%


	The price does not seem reasonable—48%


	I don’t care much about the ability to park in the shade—14%


	I don’t care much about shelter from rain, ice, and snow—11%


	There is congestion entering and leaving at some times of the day—26%


	I don’t care much about the interior temperature of my car getting too hot or too cold—12%


	It is not my responsibility to help pay for the garage—12%


	It is just as easy to park elsewhere as it is to park in the garage—29%


	Other—11%





	In general, which do you value more?


	Parking close to my destination, but having a more expensive permit—50%


	Parking farther from my destination, but having a less expensive permit—50%









Section 2:


	14.

	Independent of the electric car charging aspect, how much would you like to park in shaded parking spaces, rather than spaces exposed directly to the sun, rain, and snow? (Scale of 1 to 9 where 1 = I would not like to at all, 9 = I would like it very much)

Mean = 6.40 Standard deviation = 2.45 



	15.

	Think about how much you currently pay for a campus parking permit (or how much you would pay once you get one). How much more would you be willing to spend annually for shaded parking? (Scale of $0 to $200)





[To provide perspective for this question, several K-State parking permit prices are listed: annual parking lot permits for faculty and staff range from $150–$190, student parking is $170, garage preferred parking is $410, and garage reserved parking is $610.]


	Mean = $25.52 Standard deviation = 39.33 





	16.

	Suppose you have an electric vehicle. You can reduce your cost to travel to and from campus (compared to a gasoline powered vehicle) by charging your vehicle on campus and at home. Would you like to be able to do this?


	Yes—64%


	No—36%








If shaded electric charging stations were added to the parking areas of the university it would cost some money to build. There are two different ways that these costs could be put into the parking permits.


	17.

	Which parking permit system would you prefer?


	Parking permit prices vary depending on where the driver is allowed to park. People could pay the same amount as now, but have fewer parking spots to choose from. Other people would pay more for the ability to park in shaded spots or to use the solar electric charging stations.—77%


	Everyone pays the same parking permit price, which is a little bit more, and everyone can park in the shaded solar electric charging spaces and charge their car if they wish.—23%






	18.

	Which parking permit system do you think is most fair?


	Parking permit prices vary depending on where the driver is allowed to park. People could pay the same amount as now, but have fewer parking spots to choose from. Other people would pay more for the ability to park in shaded spots or to use the solar electric charging stations.—76%


	Everyone pays the same parking permit price, which is a little bit more, and everyone can park in the shaded solar electric charging spaces and charge their car if they wish.—24%






	19.

	What is your general feeling or opinion towards solar energy? (Scale of 1 to 9 where 1 = very negative opinion, 9 = very positive opinion)

Mean = 6.48 Standard deviation = 2.39 



	20.

	Are you in favor of K-State installing some solar powered charging stations for electric cars in parking lot(s)?


	Yes—66%


	No—34%






	21.

	Please mark all of the reasons why you favor having solar powered charging stations in K-State parking lots:


	It would help the image of K-state—60%


	It would be good for people who need to charge their electric vehicles—85%


	It would fit with the 2025 K-State Sustainability Plan—64%


	It would be good for air quality/reducing pollution—75%


	It would encourage more electric vehicles—65%


	It would provide more shaded parking—40%


	Other—6%






	22.

	Please mark all of the reasons why you are not in favor of having solar powered charging stations in K-State parking lots:


	Presently the demand for charging stations is small—78%


	It would make parking more expensive—78%


	It would be a waste of money and time—50%


	It would be visually distracting—12%


	Other—21%






	23.

	Parking spots with solar powered electrical charging stations are shaded. How much would you like to park at and use a shaded solar powered charging station while at the university? (Scale of 1 to 9 where 1 = I would not like it at all, 9 = I would like it very much)

Mean = 3.91 Standard deviation = 2.77 



	24.

	Would you like to own an electric vehicle?


	Yes—40%


	No—60%






	25.

	Would you be more willing to invest in an electric vehicle if K-State had sufficient infrastructure for charging stations?


	Yes—31%


	No—69%






	26.

	Do you think installing solar powered charging stations on campus will encourage more people to purchase an electric vehicle?


	Yes—40%


	No—60%






	27.

	How should the solar powered charging stations be paid for? Select as many as you think apply.

University funds


	Federal grant—22%


	Donations to K-State Foundation—73%


	Income from user permits—50%


	Power purchase agreement. [A private company pays for the installation and maintenance of the system, and sells electricity to the university at a specified rate. Once the contract expires, the university can buy the solar charging station system or renew the contract.]—54%


	Partnership with Westar Energy utility—51%


	Partnership with electric charging station company—58%


	Tax incentives—31%










Section 3:

If Kansas State University were to install solar powered charging stations, there are several different possible locations. Each location has advantages and disadvantages. For each of the following possible locations, please rate how good of a location it would be for installing solar powered charging stations. There are also multiple ways to fund the installation of shaded solar powered charging station parking. For the following questions, please indicate which payment methods you think are best. (Scale of 1 to 9 where 1 = Not at all a good location, 9 = an excellent location)


	28 Bill Snyder Family Football Stadium parking lot. These parking spots are far from the center of campus, but could be used for shade while tailgating before football games. Do you consider this a good location for some solar powered charging stations?

Mean = 4.14 Standard deviation = 2.74 


	29 A central location on campus. These parking spots are convenient to many buildings, but there are limited spaces and they are rarely open to park in.

Mean = 3.98 Standard deviation = 2.46 


	30 Multiple locations, so there is one near the building you frequent most. This would involve more expense because of the multiple locations, but the location would be most convenient.

Mean = 4.93 Standard deviation = 2.77 


	31 West of the old stadium/alumni center. This lot is large and often has many available spots for parking, but the lot is quite far from the destinations of many students, staff, and faculty.

Mean = 5.48 Standard deviation = 2.56 


	32 North of Call Hall. This has a central location on campus, but there are not main buildings relatively close to the lot.

Mean = 4.62 Standard deviation = 2.48 


	33 K-State will be the location of a new federal building for the National Bio and Agro-Defense Facility. Mainly federal employees will work in this building, but solar powered charging stations here would support Obama’s new plan to reduce the nation’s carbon emissions from electricity 30% below 2005 levels by 2030.

Mean = 4.74 Standard deviation = 2.68 


	34 What is your opinion on the environmental sustainability of K-state?

(Scale of 1 to 9 where 1 = A lot of need for improvement, 5 = some need for improvement, 9 = No need for improvement)

For this question, “environmental sustainability” is defined as sustained efforts to reduce one’s carbon footprint, amount of pollution, consumption of resources such as water, and to engage in environmentally responsible activities such as recycling, composting, etc.

Mean = 4.91 Standard deviation = 2.10 
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