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ABSTRACT
Electric vehicles are expected to replace a significant portion of existing light vehicle fleets around the developed world over the coming decades. The technology offers several benefits both on environmental and user levels when compared to traditional combustion engines. As the cost of fossil fuels continue to rise and the price of electromobility drops, this method of transport will become more prevalent. Analysis of early stage electric vehicle usage will allow stakeholders to plan the policy and infrastructure needed to facilitate and manage large scale roll out of the technology. A large collection of electric vehicle fleets and infrastructure networks operating in several European regions are monitored for analysis. The authors present preliminary results showing charging infrastructure utilisation for a range of vehicle and charge point use cases. This initial analysis shows that the usage levels for public infrastructure are low, while home charging is responsible for the highest levels of charge consumption. Business use cases, both for charge points and vehicles are characterised by high levels of peak time activity. Private use vehicles and household charge points show a concentration of energy usage in the latter part of the day, with a considerable peak in the early evening. All use cases display several hours of inactivity during the night time, both for charge events and travel patterns, confirming the potential for managed charging to take advantage of periods of low demand for electric vehicle charging. The data highlights the need for pricing incentives to regulate charging behaviour.  

Introduction
Electric vehicles (EVs) present an opportunity to develop integrated and intelligent transport and energy networks. The employment of smart management technology to plan and control activity in both these sectors could see significant improvements in efficiency and emissions (1). Motivated by a need to reduce carbon emissions and backed by commitments to embrace renewable energy, European authorities are committed to adopting new and efficient forms of transport. The first step in the adoption process is the in depth research of the requirements and potential benefits of new technologies. This includes developing an understanding of the technological needs, such as infrastructure and ICT architecture, combined with knowledge of vehicle performance and the attitudes of consumers to changes in mobility patterns. In addition to the gaining an understanding of the performance of new vehicles and associated support infrastructure, it is also necessary to understand the effect that electric vehicles will have on energy supply and generation systems.  Governments and utilities across Europe are introducing renewable energy both as a means of building more sustainable systems and reducing carbon emissions (2). These clean energy sources can bring with them new problems of demand management and predictability. Electromobility holds great potential for increasing efficiency in the energy production and management process through regulation and control of what is traditionally a major energy usage sector (3, 4). The nature of energy delivery and usage in the transport sector is changing and electric vehicle research can play a large part in managing the transition by providing insights into user behaviour and the resulting influences on wider energy systems.
	Green eMotion is a large scale project aimed at researching and delivering a scalable framework for the rollout of electric vehicle technology (5). The project has received €24 million in funding from the European Union, with a further €18 million being contributed by industry partners. The goal of the project is to define standards and systems for interoperability enabling wide scale adoption of electromobility in a cohesive and repeatable manner. New methods of electric vehicle integration are being assessed over numerous demonstration regions and the policies and strategies at all levels of operation are being evaluated to determine the core elements of a successful approach for deployment of electric transport systems. The initial uptake and success of EV technology in the individual regions will be influenced by the local policies and incentives offered to EV users by authorities and electricity providers. Charging behaviour in particular is of importance when attempting to regulate peak electricity demand and shift charge consumption to the night time when an increased load could make generation more cost effective (6). Variation of the energy tariffs through which EV users purchase electricity is one possible method of encouraging efficient charging habits (7). The primary method of monitoring changes in charge consumption will be through analysis of EV charging events, with data collected through a smart network of charging infrastructure and an instrumented EV fleet. A comprehensive analysis of this data set will provide insights into the likely effects of mass integration on European energy systems.

DATA capture and Analysis
One of the central elements of the Green eMotion project is the operation and monitoring of several large scale demonstration trials. These test cases form the initial steps in rolling out electromobility technology in key cities and countries around Europe. The data being collected from the demo regions presents the greatest opportunity to gain an insight into the behaviour and mobility patterns of early stage electric vehicle users. An understanding of the how EVs will influence mobility patterns and energy usage is crucial to providing an effective support framework. 
The data collection process gathers information from 10 demo regions spread throughout different countries in Europe. The demo regions involved in the data collection process are:
 (
Guipúzcua and Madrid (Spain)
Strasbourg (France)
Dublin (Ireland)
Italy 
Malmö (Sweden) 
) (
Berlin (Germany)
Stuttgart/Karlsruhe (Germany)
Bornholm (Denmark)
Cop
enhagen-Better Place (Denmark)
Barcelona and Málaga (Spain)
)





Monitored Data
The data captured by the demo regions can be classified into three different groups; structural, static and dynamic. Structural information is background information that frames the energy scenario in each demo region. This data will help when analysing EV usage patterns and estimating the influence on the grid on a regional basis. 
Static data is the list of elements that a demo region is monitoring during each reporting period. Detailed features of each of the monitored elements (EVs, charging points and users) are collected in order to build a comprehensive picture of the available resources. Each vehicle and charge point is given a unique identifier which is reported with each associated event.
Dynamic data is the operational data of the electric vehicles and charge points as monitored by on-board logging equipment, charge post intelligence units and electricity supply chains. These monitoring systems log relevant data for each charge and trip event, building up a detailed database of vehicle and infrastructure usage. 
Vehicle Fleet
The static data reported by each demo region aims to capture relevant information about the EVs operating within the project. This information includes vehicle technology, type, make and model. During the first year of operation 235 EVs, 598 charge points and 269 individual users were available for monitoring and data collection. At the end of 2011 the Green eMotion fleet comprised 84% cars and 16% commercial transporter vehicles. 70% of the vehicles were pure electric vehicles and the remaining 30% used plug-in hybrid technology. The primary usage of each vehicle is also recorded to allow for comparison of each principal use case. The majority of the vehicles in the fleet were used for commercial purposes, with 65% being used either for business purposes or part of a captive fleet. A further 5% were used for rental purposes. Private use vehicles accounted for 16% of those monitored, with the remainder falling outside of these basic definitions.   
Charging Infrastructure
The deployment and management of effective charging infrastructure is critical to the success of any electric vehicle initiative. The cost of installing a widespread charging network must be offset by building a system which facilitates the natural expansion of EV fleets. The initial capital cost of the infrastructure can be easily justified if the deployment encourages the uptake of electromobility technology, thereby leading to more efficient and profitable usage models in the longer term. The early stages of charging network roll out address both public perception issues and the practicalities of EV travel (8). As these networks become larger, deployment must be managed in order to ensure that the available resources are installed in proper locations and with sufficient density to provide a cost effective charging system that fully supports the expansion of electrified transport. The first step in managing this process is to understand the needs and habits of EV users by analysing how the existing infrastructure is utilised. To this end there a number of charge point installations monitored in the Green eMotion demo regions. The most prevalent is on-street charging, accounting for 45% of all 598 monitored installations. Office or workplace chargers account for 35%, while household chargers make up only 17% of the total, with the remainder being in public parking facilities. These figures are consistent with the common approach of leading electric vehicle demand by installing a widespread and visible network of public charge points, while home chargers are provided only to EV users.

Preliminary RESULTS
The following section provides an analysis of the usage patterns observed throughout the demo regions for the various installation types. In addition to the recorded charge point events, numerous vehicles across all regions recorded plug-in and charge events through on-board data collection systems. An assessment of the events, as recorded by the vehicles is also explored.
Charge Point Usage
The timing of EV charge events could have a significant impact on grid demand and efficiency when occurring on a mass scale (9). A large electrified fleet could potentially require considerable increases in grid capacity if charging is not regulated either by smart control or incentivised behaviour. Two key indicators of the potential effects of electrified transport are the timing and magnitude of charge events. These aspects of infrastructure usage are explored below. The distribution of timings across the day and the consumption values are analysed for each major use case. The timings of 9796 individual events were analysed and separated into half-hour time slots. In addition to the timing of each event, the measured power consumption was also analysed. Charging events were further separated into weekday and weekend events in order to reflect the potential differences in commuter and leisure activity. 9095 measured events were used in this analysis. 

Workplace Charge Points
The most frequently used charge point installations throughout all demo regions were office based facilities. These units account for 35% of all monitored points and 48% of all recorded charge events. A total of 4720 events were analysed, corresponding to 21,370kWh total consumption. FIGURE 1 displays the charge start time distribution for charge points based in offices of private companies. The primary vertical axis indicates the number of charge events which happened in each time slot, while the secondary vertical axis shows the percentage contribution reached at each interval. It is important to note that the timings recorded for each event do not reflect the presence of any managed charging facilities. While the values recorded ideally indicate the beginning of power delivery to the vehicle, the majority of installations have no technical facility to distinguish between plug-in time and the beginning of the charging process. There is a considerable peak at the early part of the day, with 30% of all events occurring between 7.00am and 9.30am. This is easily explained by the arrival of commuters to the workplace and plugging in at available facilities. Events at these locations are almost entirely confined to working hours, with 98% of events occurring before 7.00pm. FIGURE 2 shows that 78.7% of all office based charge point events consumed less than 5kWh. The average consumption per charge event was 4.4kWh, based on data from 2866 reported values. There was a considerable amount of variation in the readings, with a standard deviation of 4.2kWh, indicating a wide range of measured values. Weekend use of these facilities shows considerably larger consumption, due in part to the charging of heavier commercial vehicles. The average time for a charge event was 339 minutes, again with considerable variation. These events have a significant influence on overall trends, indicating that workplace charging has considerable implications for energy management.
 (
FIGURE 
1
 
 
Charge Time Distribution for 
Workplace 
Charge Points
.
)


 (
FIGURE 
2
 
 
Energy Consumption Breakdown for 
Workplace
 Charge Points
.
)

Household Charge Points
Although office based charging units recorded the highest number of individual events, the household charge points were the most heavily employed. While only 17% of monitored units are located in homes, the associated charging events make up 40% of all recorded values. The total energy consumption was 23,553kWh. The average consumption per charge was 5.9kWh. Again there was considerable variation in the data with a standard deviation for this sample of 5.2kWh. The average charge time was 137 minutes, with a standard deviation of 122 minutes. Even considering this large variation, this indicates that charge times are not usually long enough to account for complete recharging of vehicle batteries. FIGURE 3 shows the charge time distribution for household points in all demo regions. In contrast to the office use case, the peak occurs in the early evening, with 30% of events beginning between 5.30pm and 8.30pm. This suggests that users have a tendency to plug in the EV immediately after arriving home, even at peak time. 
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In the absence of managed charging this behaviour could have a significant negative impact on grid demand management, increasing peak load if done en-masse. Approximately 20% of home charge events began during off-peak hours. While beginning charge events during evening peaks is undesirable, the potential exists to have a highly efficient managed solution by leveraging smart charging technology, ideally postponing charging until the period of inactivity observed in the early part of the day.
	The consumption level breakdown for household charge points is shown in FIGURE 4.  These events are characterised by higher consumption levels than other locations, with a larger percentage of charges falling into the 5-9kWh range. This pattern is also reflected in the higher average consumption level noted above. 
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Public Charge Points
The installation and operation of public access charge points is a pivotal factor in the roll out of EV infrastructure. A widely deployed public network addresses concerns such as range anxiety and serves to increase the visibility of the technology and promote electromobility as a commonplace and viable transport alternative. A comprehensive infrastructure installation can thus lead the demand for EVs and help to stimulate the market by reassuring and attracting potential users. The usage statistics from public charge points are of particular interest when planning future deployments. On-street charge points represent 45% of all monitored assets in the project. However, the associated charge events make up only 7% of the total recorded. The usage levels for public access points are the lowest of all charge point types. FIGURE  5 shows the distribution of charge start times for charge points designated as being on-street or in public access car parks. A large peak in activation can be seen in the early morning. 20% of all recorded events took place between 7.30am and 9.00am. The remaining events have a normal distribution around 12.00pm, with an isolated peak at approximately 8pm. The charge points were almost entirely dormant between midnight and 6.00am and 98% of all charge activations took place prior to 9.00pm. 
	FIGURE  6 displays the consumption break down for the public charge posts. Similar to other installation types, the majority of charges consumed less than 10kWh. Approximately 20% of events recorded consumption in the 5-9kWh band. The average time spent charging was approximately 2 hours, less than at other charge point types. The variation in the recorded values was also less, indicating that users spend less time using public infrastructure than at home or work. The total energy consumed by all public charge events was 3139kWh. The average consumption was 4.8kWh, with a standard deviation of 4.4kWh. Two-thirds of all events recorded consumption of less than 5kWh. In the case of charge points located in public access parking facilities (48 instances) 95% of all events consumed less than 5kWh.
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Vehicle Charge Events
In addition to monitoring the usage of charging stations, many of the vehicles throughout the demo regions are equipped with data loggers capable of recording information about charging events through interfaces with the on-board systems. We provide a breakdown of plug-in time and consumption by vehicle use case. The two scenarios with appreciable amounts of available information were “business use” and “private use”. The commercial use case included EVs which were designated as being part of a captive company fleet. It should be noted that the data coming from the vehicles cannot be directly matched to the data from the charge points in the previous section i.e. the analysis is not considering the same data set from two individual measurement sources, but two separate data sets representing different events. Again, when reporting the timing of events, many data loggers were not capable of distinguishing plug-in time from the beginning of vehicle recharging.	
	The total energy consumption during the 3251 events recorded was 22,922kWh. The average charge time was almost 4 hours.  However, there was considerable variation in these readings. The mean energy consumption from the grid was 7.38kWh, with a standard deviation of 5.21kWh. As mentioned in the previous sections, the maximum value recorded was seen when charging a commercial vehicle. The greatest distance achieved between charging events was 148km, while the average was only 36km, suggesting users recharge often rather than allowing vehicle batteries to be significantly depleted.
[bookmark: _Toc323813402]As with the charge point data set, the weekend data shows slightly increased consumption levels compared to weekdays. The exception to this is with private use vehicles, where low consumption charge events prevail over weekend periods. The figures below explore this trend further.

Charge Events for Fleet Usage
Electric vehicles represent an opportunity for operators of large fleets to achieve significant savings while operating an environmentally friendly vehicle pool. EVs are ideally suited to the travel patterns seen in many business use cases, comprising short regular journeys or scheduled activity. For these reasons, it is envisaged that a considerable portion of initial sales of EVs will be to the commercial sector, both for passenger and freight vehicles. This section analyses the charging patterns of vehicles designated for business use in the demo regions. These account for an appreciable portion of all monitored events and represent a total consumption of 14,490kWh. FIGURE 7 shows the distribution of plug-in times for business use EVs. As might be expected, there is a heavy concentration of charge events during working hours, beginning at 7.30am. 75% of all charging events happened prior to 5.30pm, with an additional 20% plugging in before 9.30pm.
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When considered along with the information displayed in FIGURE 8 it can be seen that these vehicles are consuming relatively large amounts of energy during peak hours.  Over 20% of the measured charge events recorded consumption of between 10-14kWh, with a further 10.5% exceeding these levels. The average consumption was 7.25kWh with an average charge time of just under 4 hours.
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[bookmark: _Toc323813403]Charge Events for Private Vehicle Usage
Potentially the most important use case for EVs is the private, domestic scenario. This manner of usage represents the mass scale consumer market. The ultimate goal of the Green eMotion project is to define and begin implementing the framework for mass scale roll out of EV technology, particularly for the consumer use case. Accordingly, information from private usage vehicles could provide insights into the likely behaviour and use patterns in any future large scale market. There were 453 recorded events with a total consumption of 3771kWh. The average plug-in time recorded was approximately 3 hours with an average of 38.8 hours between charge events. The mean consumption from the grid was 8.3kWh, higher than the business use case and consistent with the same patterns observed between office and household chargers.
In contrast to the patterns observed for commercial usage, the plug-in times for private vehicles, shown in FIGURE 9, occur predominately outside of business hours. 70% of measured charge events began between 6.00pm and 6.00am. There is a noticeable peak in the early evening, again suggesting that users tend to connect the vehicles to the power supply immediately at the end of the daily commute. This peak accounts for almost 30% of all charge events, showing a large concentration of vehicles connected to the grid at peak time. 20% of plug-in events began between 10.30pm and 2.30am, indicating that an appreciable number of users were conscious of the benefits of managing charge consumption.
 (
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The energy figures associated with these charge events show higher consumption levels that the commercial use case, with an appreciable percentage of events in the excess of 10kWh. It should be noted that the sample for the private use scenario was much smaller than that for the business use case with only 343 private EV charge events recording consumption levels. Despite this some obvious trends can be seen, mainly the more pronounced variation between weekday and weekend charge patterns. Weekday charge events show higher consumption levels, while the largest percentage of weekend charge events are in the lowest 0-4kWh range. This would suggest that weekend charging behaviour is characterised by shorter charge events and lower overall energy usage.
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Travel Patterns
Predicting and managing the influence of electric transport on electricity supply networks does not depend solely on the energy consumption levels of the vehicles. While an analysis of trip distance and frequency gives an insight into likely energy usage, from a demand management perspective it is also important to know when that energy will be required from the grid (10). Thus, an analysis of travel timing and vehicle availability is necessary to determine the likely time frames for vehicle recharging (11). When combined with the usage level analysis from the previous section it is possible to estimate the amount of energy required and also the probable timing of energy demands. 
An analysis of 8469 individual trips was performed, assessing the time at which travel began in any given day. The level of travel activity for each vehicle was assessed, on the basis that high concentrations of trips being undertaken mean that vehicles are unavailable for charging. Conversely, during periods of low travel activity, vehicles can generally be assumed to be available for charging in some location. There was a notable absence of any travel in the early morning, for all use cases, indicating that night time charging is a realistic and practical option for many EV users. 
The majority of trips undertaken were for short distances. 52% of all recorded trips were of less than 5km in length, while 90% were below 30km. This indicates that users make regular short trips spread across the day. The average trip distance was 8.7km, although there was considerable variation observed in the measurements. The total driven distance analysed was 68,609km. Weekend patterns were mostly similar to weekday, with a slightly higher number of short journeys at weekends. This is consistent with the charging patterns observed in the previous section which show charge events of shorter duration and lower consumption over weekends. The EVs were rarely driven close to the limits specified for a single charge, with less than 4% of journeys being over 50km. Deeper analysis of vehicle use cases revealed similar patterns for both business and private usage scenarios, both of which matched with the aggregated case.

DISCUSSION
The usage rates for the various charge point types provide an interesting first insight into infrastructure use patterns. Despite the large percentage of monitored on-street chargers in the project, only a very small portion of recorded events can be attributed to public infrastructure, indicating very low usage rates. Household charge points on the other hand, experienced heavy usage, recording both the proportionally highest number of events and the greatest energy consumption per event. Charge posts located in offices and workplaces were used frequently and represent a considerable portion of all power consumption seen. 
	Charging events recorded by on-board systems within the EVs showed similar patterns with fleet vehicles charging slightly more often, with lower consumption than private vehicles. While this dataset potentially represented a very different set of charging events, the general patterns observed are consistent with those from the charge post measurement system. 
The initial charge point usage patterns observed in this analysis provide an insight into the behaviour of early EV users across a range of scenarios. The trends presented above represent the manner in which infrastructure is used without any incentivised behaviour other than environmental or energy concerns of the individual. The effects can be seen in the analysis of charging times where large numbers of events are observed during peak energy times. While this may be unavoidable in some business use cases and indeed where charge facilities are provided in the workplace, the habits are also evident for home chargers and private use vehicles. This would suggest that much of the charging behaviour recorded is determined only by individual needs and not influenced by any larger concerns such as demand management. In the absence of information to distinguish plug-in time from charge delivery the main observation which can be made from this information is that there is very real potential to optimize EV charging and electricity generation through smart management of energy delivery to EVs. In particular the private use case lends itself to this ideal scenario where energy providers can control and manage charge delivery in response to real time grid conditions.
	There was appreciable variation in the datasets returned from each of the demo regions. As each region continues to develop more advanced technical systems for data collection and measurement the quality and quantity of information available to Green eMotion will increase. This will allow deeper analysis of use cases, regional trends and also lend greater levels of confidence to the statistical analyses and subsequent conclusions. An in depth analysis per region will provide an indication of the relative effects of local policies and incentives have on charging behaviour and energy usage. This further analysis can be combined with the use case analysis presented here to determine detailed energy use and travel pattern information about local EV fleets.

Conclusion
Electric vehicles can provide a means of establishing cleaner transport networks and potentially more efficient energy generation systems. Achieving these goals requires in depth knowledge of the effects of EV integration on both systems in order to predict and control energy demand when operating on a massive scale. Considerations such as local energy mix, policies and incentives will influence both the uptake and effects of electric vehicles. This paper presents a preliminary look at the data collection and analysis work that is ongoing in the Green eMotion project. Data is collected from a large European fleet distributed over several distinct regions, with the aim of gaining an understanding of EV users need for infrastructure and associated energy usage levels. Early results indicate that there are considerable differences in energy demand and infrastructure usage patterns depending on the primary use of the EV and charging equipment. This information will be valuable when predicting and planning for future energy demands. Further differences in usage patterns may be identified through regional analysis of EV fleet data, taking into consideration local policy and energy tariff information. This analysis will provide deeper insights into the likely effects of a large EV fleet and also possible methods for regulating EV energy demands through policy and infrastructure planning.
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0-4	5-9	10-14	15-19	20-24	61.820906706631696	18.284001498688731	10.303484451105428	8.0554514799550567	1.5361558636193435	Weekends	


0-4	5-9	10-14	15-19	20-24	68.357487922705289	13.043478260869565	11.835748792270531	5.6763285024154575	1.0869565217391381	Energy Consumption (kWh)

Percentage Occurrence (%)


CHARGE START TIME DISTRIBUTION
CHARGE START	0	2.0833333333333412E-2	4.1666666666666664E-2	6.25E-2	8.3333333333333343E-2	0.10416666666666748	0.125	0.14583333333333487	0.16666666666666666	0.18750000000000044	0.20833333333333487	0.22916666666666666	0.25	0.27083333333333326	0.29166666666666996	0.31250000000000255	0.33333333333333331	0.35416666666666996	0.37500000000000255	0.39583333333333331	0.41666666666666996	0.43750000000000255	0.45833333333333326	0.47916666666666996	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000522	0.64583333333334003	0.66666666666666663	0.6875	0.7083333333333337	0.72916666666666652	0.75000000000000522	0.77083333333334003	0.79166666666666652	0.8125	0.8333333333333337	0.85416666666666652	0.87500000000000522	0.8958333333333337	0.91666666666666652	0.9375	0.9583333333333337	0.97916666666666652	0	2	0	0	0	1	0	0	1	0	0	0	2	6	7	65	34	77	18	24	25	19	26	16	29	20	17	27	26	21	17	13	22	18	10	15	12	10	9	4	18	4	4	7	1	2	3	4	%	0	0.31397174254317112	0.31397174254317112	0.31397174254317112	0.31397174254317112	0.47095761381476064	0.47095761381476064	0.47095761381476064	0.62794348508634223	0.62794348508634223	0.62794348508634223	0.62794348508634223	0.94191522762952096	1.8838304552590162	2.9827315541601256	13.186813186813085	18.524332810046989	30.612244897959183	33.437990580847725	37.205651491365778	41.130298273155418	44.113029827315444	48.19466248037677	50.706436420722142	55.259026687598094	58.398744113029863	61.067503924646786	65.306122448979593	69.387755102040558	72.684458398743658	75.35321821036105	77.394034536890842	80.847723704866567	83.673469387755048	85.243328100470919	87.598116169544738	89.481946624803797	91.051805337518843	92.464678178963879	93.092621664050327	95.91836734693878	96.546310832024076	97.174254317111448	98.273155416012571	98.430141287284172	98.744113029828668	99.215070643642093	99.843014128728441	Time (24 hrs)

Number of Charging Events

Percentage Contribution (%)


 CHARGE POINT CONSUMPTION
Total	


0-4	5-9	10-14	15-19	20-24	66.126126126125328	20.360360360360289	9.729729729729728	3.0630630630630629	0.72072072072072069	Weekdays	


0-4	5-9	10-14	15-19	20-24	63.883089770354744	21.294363256784969	10.855949895616023	3.1315240083507412	0.83507306889352861	Weekends	


0-4	5-9	10-14	15-19	20-24	80.26315789473685	14.473684210526503	2.6315789473684208	2.6315789473684208	0	Energy Consumption (kWh)

Percentage Occurrence (%)


PLUG-IN TIME DISTRIBUTION
PLUG-IN	0	2.0833333333333412E-2	4.1666666666666664E-2	6.25E-2	8.3333333333333343E-2	0.10416666666666743	0.125	0.14583333333333481	0.16666666666666666	0.18750000000000044	0.20833333333333481	0.22916666666666666	0.25	0.27083333333333326	0.29166666666666985	0.31250000000000244	0.33333333333333331	0.35416666666666985	0.37500000000000244	0.39583333333333331	0.41666666666666985	0.43750000000000244	0.45833333333333326	0.47916666666666985	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.625000000000005	0.64583333333333981	0.66666666666666663	0.6875	0.7083333333333337	0.72916666666666652	0.750000000000005	0.77083333333333981	0.79166666666666652	0.8125	0.8333333333333337	0.85416666666666652	0.875000000000005	0.8958333333333337	0.91666666666666652	0.9375	0.9583333333333337	0.97916666666666652	43	24	27	11	10	9	8	2	3	3	2	1	2	7	11	107	101	88	79	63	65	68	76	100	85	90	74	60	120	63	91	98	108	78	78	73	74	77	74	84	81	56	38	21	21	32	28	45	%	1.6803438843298262	2.6182102383743651	3.6733098866744842	4.1031652989448997	4.4939429464634619	4.8456428292301714	5.1582649472449855	5.2364204767487301	5.3536537710042991	5.4708870652598733	5.5490425947636588	5.5881203595154245	5.6662758890191496	5.9398202422821909	6.3696756545525623	10.550996483001173	14.497850722938649	17.936694021101989	21.023837436498631	23.485736615865175	26.025791324736222	28.683079327862448	31.652989449003531	35.560765924189639	38.882375928096913	42.399374755763944	45.291129347401679	47.635795232513225	52.325127002735449	54.787026182102345	58.343102774521313	62.172723720203209	66.393122313402785	69.441187964049405	72.489253614693297	75.341930441578796	78.233685033216133	81.24267291910904	84.134427510746349	87.41695974990364	90.58225869480269	92.770613520906636	94.255568581477192	95.076201641266167	95.896834701055113	97.147323173114529	98.241500586166495	100.00000000000003	Time  (24 hrs)

Number of Charging Events

Percentage Contribution (%)


VEHICLE CHARGE EVENT CONSUMPTION
Total	

0-4	5-9	10-14	15-19	20-24	35.936675461740919	32.92875989445961	20.580474934036889	8.6015831134564635	1.8997361477572559	Weekday	

0-4	5-9	10-14	15-19	20-24	36.946107784431135	32.694610778443106	20.059880239520929	8.5029940119760568	1.7365269461077846	Weekend	

0-4	5-9	10-14	15-19	20-24	28.444444444444443	34.666666666666117	24.444444444444443	9.3333333333333357	3.1111111111111112	Energy Consumption (kWh)

Percentage Occurrence (%)


PLUG-IN TIME DISTRIBUTION
PLUG-IN	0	2.0833333333333412E-2	4.1666666666666664E-2	6.25E-2	8.3333333333333343E-2	0.10416666666666716	0.125	0.14583333333333429	0.16666666666666666	0.18750000000000044	0.20833333333333429	0.22916666666666666	0.25	0.27083333333333326	0.29166666666666863	0.31250000000000155	0.33333333333333331	0.35416666666666863	0.37500000000000155	0.39583333333333331	0.41666666666666863	0.43750000000000155	0.45833333333333326	0.47916666666666863	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.62500000000000322	0.64583333333333748	0.66666666666666663	0.6875	0.7083333333333337	0.72916666666666652	0.75000000000000322	0.77083333333333748	0.79166666666666652	0.8125	0.8333333333333337	0.85416666666666652	0.87500000000000322	0.8958333333333337	0.91666666666666652	0.9375	0.9583333333333337	0.97916666666666652	17	12	6	4	4	4	0	0	0	0	0	0	0	2	1	8	7	7	4	5	6	3	8	6	7	9	8	16	7	5	4	5	7	2	4	8	12	42	52	30	24	19	13	16	9	7	27	16	%	3.7527593818984544	6.4017660044150428	7.7262693156733393	8.6092715231787889	9.492273730684321	10.375275938189874	10.375275938189874	10.375275938189874	10.375275938189874	10.375275938189874	10.375275938189874	10.375275938189874	10.375275938189874	10.816777041942602	11.037527593818982	12.803532008830082	14.348785871964679	15.894039735099376	16.777041942604853	17.880794701986726	19.205298013245027	19.867549668874169	21.633554083885205	22.958057395143484	24.503311258278142	26.490066225165489	28.256070640176596	31.788079470198589	33.333333333333329	34.437086092714992	35.320088300220753	36.42384105960209	37.969094922737305	38.410596026490055	39.293598233995944	41.059602649006422	43.70860927152318	52.980132450331126	64.459161147902876	71.081677704194249	76.379690949227395	80.57395143487858	83.443708609271525	86.975717439293589	88.962472406180339	90.507726269316379	96.467991169978418	100.00000000000001	Time(24 hours)

Number of Charging Events

Percentage Contribution (%)


VEHICLE CHARGE EVENT CONSUMPTION
Total	

0-4	5-9	10-14	15-19	20-24	25.947521865889186	36.734693877551031	21.865889212827803	13.994169096209976	1.4577259475218658	Weekday	

0-4	5-9	10-14	15-19	20-24	23.958333333332938	37.5	22.916666666666664	14.236111111110997	1.3888888888888986	Weekend	

0-4	5-9	10-14	15-19	20-24	36.363636363635997	32.727272727272762	16.363636363636289	12.727272727272599	1.8181818181818181	Energy Consumption (kWh)

Percentage Occurrence (%)


CHARGE START TIME DISTRIBUTION
CHARGE START	0	2.0833333333333412E-2	4.1666666666666664E-2	6.25E-2	8.3333333333333343E-2	0.10416666666666743	0.125	0.14583333333333481	0.16666666666666666	0.18750000000000044	0.20833333333333481	0.22916666666666666	0.25	0.27083333333333326	0.29166666666666985	0.31250000000000244	0.33333333333333331	0.35416666666666985	0.37500000000000244	0.39583333333333331	0.41666666666666985	0.43750000000000244	0.45833333333333326	0.47916666666666985	0.5	0.5208333333333337	0.54166666666666652	0.5625	0.58333333333333337	0.60416666666666652	0.625000000000005	0.64583333333333981	0.66666666666666663	0.6875	0.7083333333333337	0.72916666666666652	0.750000000000005	0.77083333333333981	0.79166666666666652	0.8125	0.8333333333333337	0.85416666666666652	0.875000000000005	0.8958333333333337	0.91666666666666652	0.9375	0.9583333333333337	0.97916666666666652	0	2	1	1	0	0	0	1	0	0	7	3	9	79	180	241	467	363	216	151	186	120	154	107	152	183	153	249	294	185	266	299	169	110	102	61	54	37	26	16	12	17	19	11	6	3	2	6	%	0	4.237288135593293E-2	6.3559322033898302E-2	8.474576271186561E-2	8.474576271186561E-2	8.474576271186561E-2	8.474576271186561E-2	0.10593220338983123	0.10593220338983123	0.10593220338983123	0.25423728813559049	0.31779661016949423	0.50847457627118664	2.1822033898305087	5.9957627118644581	11.101694915254274	20.995762711864209	28.686440677965777	33.262711864407187	36.461864406779263	40.402542372881413	42.944915254237245	46.207627118643714	48.474576271186294	51.694915254237287	55.572033898305406	58.813559322033903	64.08898305084746	70.317796610169481	74.237288135593218	79.872881355930872	86.207627118644069	89.788135593220318	92.118644067796609	94.279661016949149	95.572033898305079	96.71610169491619	97.500000000000014	98.050847457626148	98.389830508473509	98.644067796610187	99.004237288135627	99.406779661018007	99.639830508473509	99.766949152542381	99.830508474576249	99.872881355930872	100.00000000000001	Time (24 hrs)

Number of Charging Events

Percentage Contribution (%)


