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Abstract

:

Developers of charging infrastructure, be it public or private parties, are highly dependent on accurate utilization data in order to make informed decisions where and when to expand charging points. The Amsterdam University of Applied Sciences, in close cooperation with the municipalities of Amsterdam, Rotterdam, The Hague, Utrecht, and the Metropolitan Region of Amsterdam Electric, developed both the back- and front-end of a charging infrastructure assessment platform that processes and represents real-life charging data. Charging infrastructure planning and design methods described in the literature use geographic information system data, traffic flow data of non-EV vehicles, or geographical distributions of, for example, refueling stations for combustion engine vehicles. Only limited methods apply real-life charging data. Rolling out public charging infrastructure is a balancing act between stimulating the transition to zero-emission transport by enabling (candidate) EV drivers to charge, and limiting costly investments in public charging infrastructure. Five key performance indicators for charging infrastructure utilization are derived from literature, workshops, and discussions with practitioners. The paper describes the Data Warehouse architecture designed for processing large amounts of charging data, and the web-based assessment platform by which practitioners get access to relevant knowledge and information about the current performance of existing charging infrastructure represented by the key performance indicators developed. The platform allows stakeholders in the decision-making process of charging point installation to make informed decisions on where and how to expand the already existing charging infrastructure. The results are generalizable beyond the case study regions in the Netherlands and can serve the roll-out of charging infrastructure, both public and semi-public, all over the world.
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1. Introduction


The need for the roll-out of a public charging infrastructure in order to facilitate the adoption of both Plug-in Hybrid Electric Vehicles (PHEV) and Battery Electric Vehicles (BEV) has been established unquestionably in literature and formalized by the EU directive 2014/94/EU on the deployment of an alternative fuels infrastructure [1]. Extensive literature describing charging station planning, design, and location methods is available. Various planning and design methods have been developed for different characteristics and design possibilities for charging infrastructure as summarized by Funke S.A. et al. [2]. Huang, K. et al. [3] define the objectives of the various planning and design methods in the literature section of their paper [3].



To the best of our knowledge, only a small amount of literature is available assessing various roll-out strategies based on real life performance of existing charging infrastructure. Particularly, in the light of the expected growth and uptake of electric vehicles on the road from 2020 onwards, the EU objectives towards a 100% emission-free transport in 2050, and taking into account the uncertainties associated with a transition of this size, it is relevant for policy makers and Charge Point Operators (CPOs) to be able to assess the performance of existing charging infrastructure. Systematic evaluation creates the opportunity to adapt to changes in the field of zero-emission transport.



The aim of this work is to present the development, results, and application of an assessment platform based on a large set of real life and up-to-date charging data. This platform allows stakeholders in the decision-making process of charge point installation to make informed decisions on where and how to expand already existing charging infrastructure. Location specific information about the performance of charging infrastructure is visualized.



The remainder of this paper is organized as follows: Section 2 provides an overview of relevant literature and the conceptualization of Key Performance Indicators (KPIs). Section 3 describes the research and development process and its functional units. Section 4 describes the Data Warehouse architecture and data processing. Section 5 entails the roll-out process and requirements set for the web-based assessment tool by the practitioners involved in this research. Section 6 presents the web-based assessment tool. Section 7, Section 8 and Section 9 explains how the assessment tool is being applied by the practitioners. Section 10 entails the discussion and conclusions.




2. Literature Review


2.1. Charging Infrastructure Planning, Design, and Location


Numerous charging infrastructure (CI) planning, design, and location models have been described in the literature. Estimates of how many charging stations are needed at a national or local level to fulfill future demand are described [2,3,4,5]. Geographically-oriented models calculate the distribution of charging stations based on GPS driving patterns of non-EV-vehicles or mathematical models [3,6,7,8,9]. Liu [9] conducts an “initial analysis of the charging infrastructure assignment for the early EV market in Beijing” based on the geographical distribution of petrol refueling stations, parking lots and transmission stations, knowledge about petrol refueling behavior, and residential data. Both slow and fast charging infrastructure, including battery swaps, is being conceptualized and aims at minimizing the number of charging stations. The objective of Frade et al. [5] is to design a slow-charging infrastructure with maximum covered demand. A distinction between daytime and night-time charging is introduced. Daytime and night-time charging demands are estimated based on employment and residential data. The number of charging stations to be placed is given by local authorities. Regression methods are used to estimate the charging demand of predefined traffic zones in Lisbon. An optimization model is being used to maximize the total coverage. Xi et al. [10] “develop a simulation–optimization model that determines where to locate electric vehicle chargers to maximize their use by privately owned electric vehicles.” The model assumes the availability of tour record data for vehicle trips between regions, defining the times between which trips occur. EV adoption probabilities are estimated based on household demographic and macroeconomic variables of the studied region.



The aforementioned models serve the initial roll-out of charging infrastructure and provide an initial framework for defining key performance indicators once the charging infrastructure has been installed, based on the objectives of the models as described by Huang, K. et al. [3].



At the initial phase of charging infrastructure roll-out in the Netherlands back in 2010–2011, models based on demographic and macroeconomic variables and estimated charging demand were applied to distinguish where to start installing level one and two charging infrastructure in the city of Amsterdam. Non-EV drivers almost immediately started to complain about empty parking lots due to high parking pressure in the city. A demand-driven approach was adopted in the cities of Amsterdam, Rotterdam, Utrecht, the Hague, and the Metropolitan Region of Amsterdam (MRA-E) to make sure to have at least one user for each charging station built in the initial phase.



By the end of 2017, the Netherlands have Europe’s densest public charging infrastructure in place according to the European Alternative Fuels Observatory [11].



The models mentioned above tend to focus on the early phase of a charging infrastructure roll-out [5,7,8]. Traffic flow data and GPS data are used to model charging infrastructure locations [8,12], not taking into account real-life utilization of the charging infrastructure. Only a few studies use real-life charging data to either model or assess the utilization of the charging infrastructure. Gnann et al. [13] estimate future fast-charging infrastructure need, based on real-world fast-charging data from Sweden and Norway. Helmus et al. [14] assess public charging infrastructure push and pull strategies for level one and two “normal” public charging infrastructure in the Netherlands based on real life charge point detail records. Assessment of charging infrastructure utilization requires the definition of key performance indicators, the availability of real life charging data, and the availability of a platform to unlock the knowledge and information enclosed in real-life data.




2.2. Key Performance Indicators


Charging infrastructure roll-out in the Netherlands faces a huge challenge over the coming years. The number of public charging points grew from 7395 public charging points on 31 December 2015, to 17,681 public charging points on 30 June 2018 [15]. By the end of 2020, the number of public charging points in the Netherlands is estimated to be 42,100 in a mid-range scenario [16]. A 100% demand-driven roll-out strategy is no longer tenable. Evaluation based on real-life charging data is necessary in order to be able to adapt to current and local situations. Knowledge about the performance of the existing charging infrastructure is invaluable for the stakeholders. Performance Indicators (PI) provide guidance on what to do to increase results [17]. An exploration of performance indicators to support the optimization of a charging infrastructure roll-out is described by Helmus and van der Hoed [18]. The paper identifies thirteen performance indicators derived from the objectives of five different stakeholders in the process of a charging infrastructure roll-out: local authorities, (potential) EV users, residents (non-EV users), CPOs, and grid operators.



To our best knowledge there is no body of knowledge defining key performance indicators for a charging infrastructure. Huang et al. [3] provide a classification of scientific models that aim to optimize a charging infrastructure. As such, it provides an overview of optimization metrics: minimizing various charging infrastructure cost types, minimizing total travel time, minimizing trip failure, maximizing flow captured, maximizing covered demand, maximizing charging post usage, minimizing number of charging stations, and grid management. The objectives of the platform presented in this paper consist of maximizing charging point usage and minimizing the number of charging points, while maximally covering the demand.



Based on the objectives of the various stakeholders [18], the metrics of charging infrastructure location planning models [3], and the available real life data, we define five KPI’s relevant for local authorities (policy makers and practitioners) and CPOs involved in the roll-out process of a charging infrastructure (Table 1).





3. Methodology


The case described in this paper entails the roll-out of a public charging infrastructure since 2012 in the four largest cities of the Netherlands (Amsterdam, Rotterdam, The Hague, Utrecht) and their surrounding provinces (Zuid Holland, Noord Holland, Utrecht, and Flevoland). The development of the assessment platform started in 2014. The development process included two iterations, one in 2015 and one in 2016, upgrading and adapting the results to the current wishes and requirements of the roll-out practitioners. The development process is subdivided into three functional units:




	
Processing charging data



	
Identify the practitioners’ roll-out process and requirements



	
Building a web based assessment platform.








3.1. Processing Charging Data


Data management and big data are an important source supporting the de-carbonization of transport and the development of urban environments [6,19].



By the 31st of December 2017, 8650 charging points were in the scope of the project. Since 2014, the most recent charging data including the charging data of recently installed charging points were added each month to the dataset. The total dataset represented 7,371,610 charging sessions up to and including June 2018. A Data Warehouse (DWH) was developed in the initial phase of the research project. The design of the DWH and selected software packages are described in Section 4.




3.2. Identifying the Practitioners’ Roll out Process and Requirements


The assessment tool was developed in close cooperation with the roll-out practitioners from the four participating municipalities, the Metropolitan Region Amsterdam Electric (MRA-E), and their contracted CPOs. In 2015 and 2016, two workshops were organized. Each workshop was attended by at least two practitioners of each municipality and the MRA-E, be it practitioners employed by the local authorities or employees of the contracted CPOs. In between the general workshops, results of the data analysis were presented to and discussed with each partner individually, involving two to three practitioners per discussion session. Each partner was visited twice during the development process.




3.3. Building a Web-Based Assessment Platform


The web-based assessment platform was built in R Shiny. The selection of this software package is justified in Section 4. An iterative development and design process was applied, in which the practitioners during workshops and visits gave feedback, and adjustments were being made.





4. Processing Charging Data


The first step towards the real-life assessment of CI utilization is the gathering and storage of charging data. In the case presented here transaction files consisting of Charge-point Detail Records (CDRs) and Meter Values (MVs) of every public charging location in the major four cities of the Netherlands and MRA-E, were filed periodically in a Data Warehouse (DWH) developed by Amsterdam University of Applied Sciences (AUAS). SSIS (Table 2) packages Extract, Transform, and Load (ETL) these transaction files into the Data Warehouse. The charging data and other relevant datasets (e.g., location data) had a high relational character. A Microsoft SQL Server was selected as the software package in which to store and retrieve the charging data as it is a relational database management system providing a high capacity and performance. Table 3 gives an overview of the data table structure of the DWH.



The transaction data of a charging session can be highly volatile. Errors vary from locations spelled differently to improbable session durations, impossible dates, or extremely high charged kWh. In order to diminish error effects on the final reports or visualizations, it was important to distinguish the factual data provided by the CPOs from the data on which the reports and visualizations are being based. The factual data provided by the CPOs were stored in a table named “FACT_CHARGESESSION”. This included variables such as the connection time, the charge point ID, kWh, start and end time of the connection, etc. After filtering and correcting, the clean data were filed in so called “dimension tables” (DIM). For example, locations of the charge points: address, postal code, and city derived from the CDRs and enriched with data such as geo-coordinates and district classifications were stored in the “DIM_LOCATION” table.



R was selected as the main programming language to execute the data analysis. At an early stage in our project, the limitations of what Excel could handle with regard to the size of the datasets were reached. In addition to this, Excel does not easily allow for reproducing previously conducted analyses on new datasets. Statistical software programs like SAS, STATA, or SPSS are developed for very specific uses, and do not have a large community of contributors constantly adding new tools. Programming languages R and Python do provide the desired flexibility, are able to handle large datasets, and are open source and under constant development. The choice for R was based on the fact that R, by origin, is developed for statistical analysis, whereas Python is a more general programming language. R Studio and R Shiny are the R-based intermediate software packages to produce reports and visualizations. R Shiny provides a map-based tool to visualize data. Compared to other mapping tools like Tableau, Google Maps, or ArcGIS, R Shiny provides a one-to-one link to the data-analysis results and the option to set detailed authorization limitations for user-accounts: one of the requirements set by the local authorities in order to be able to control which user-account gets access to which part of the data-analysis results. Based on user-account access authorization, stored procedures extracted reports from the Data Warehouse into R Studio. R-functions were programmed to plot the data in Shiny, the front-end web application, which the EV-infrastructure professional has access to. Figure 1 shows the data transformation process the charging data underwent before being visualized in the web-based application of R Shiny.




5. Practitioners’ Roll-Out Process


The roll-out process for the public charging infrastructure started with the political decision to facilitate the public charging of electric vehicles, thus leading to the question of where to install the charging infrastructure taking into account the interests of EV-drivers, non-EV-drivers, other users of public space, and the market potential [18]. From a decision process point of view, three instigating or kick-off events for the rollout process were defined based on the workshops and discussions with infrastructure roll-out practitioners: (1) an external request (demand driven roll-out); (2) a roll-out strategy based on forecasts, future scenarios, or simulations; and (3) detection of bottlenecks in the performance of the existing infrastructure. Each kick-off event required specific information or knowledge. The roll-out process was subdivided by the practitioners into three phases: preparation, realization, and exploitation. Figure 2 illustrates the preparation phase, including validation of a request, location selection and assessment, and informing citizens (including an objection procedure). A list of requirements for the assessment platform was co-created by the researchers and practitioners during the workshops and discussions:




	
Most up-to-date performance of a charging station needed to be accessible for practitioners.



	
Charging locations easy to find visually and by address, preferably on a map.



	
Selection of a number of charging locations within walking distance from a certain spot.



	
Selection of charging locations used by specific user groups.



	
Graph representation of KPIs of selected charging locations.



	
Graph representation of KPIs aggregated on municipal, district, and sub-district level.



	
Export of both the map and KPI graphs for external documentation/communication.



	
Integration of bottleneck assessment.



	
Downloadable KPI tables in order to integrate KPIs per location in other back-offices.








The web-based assessment platform was designed according to these requirements and is presented in Section 6.




6. Assessment Tool


The assessment tool is a web-based application built in the open source R package “Shiny”. Shiny provides a web framework for building web applications using the programming language “R”. The version presented in this paper consisted of three webpages: a map and two KPI tables. Both the map and tables represent the KPIs as described in Section 2.2.



In addition to this, four assessment tools have been developed and implemented. These assessment tools provided the opportunity to assess the complete infrastructure visualizing the charging locations in various colors depending on KPI thresholds determined by the practitioner. Figure 3 shows the homepage of the platform.



6.1. KPI Tables


The KPI tables were diverted to one table showing summable KPIs (kWh, connection time, charging time, number of sessions) and one table showing non-summable KPIs (number of unique users per month, average occupancy). KPIs were represented per charging location and per month. By selecting the required time period (year, month) and required location (city, district, neighborhood or address/postal code), a user can compose and export or download specific KPI lists (Figure 4).




6.2. Map


6.2.1. Map-Based Selection of Charging Locations


The map provided an intuitive interface for selecting the desired charging locations quickly to assess and compare performance. The search field facilitated zooming in on the map based on address. Using polygons, circles, rectangles, and mouse-clicks, surrounding charging locations could be selected. Once a charging location had been selected, the “show graph selection” button appears in the center bottom of the map. By clicking this button, the KPI graphs of the selected charging locations appear. The graphs were interactive: the number of selected charging locations could be adjusted by clicking the graph-legend, the timeline can be adjusted using the month and year selection box or the zoom button in the top right corner of the graph, or simply by dragging a rectangle using the mouse. Once adjusted, all KPI graphs adapted to the adjusted values. KPI values for a certain month popped up by moving the mouse-pointer over the graph.




6.2.2. Selection Tools


The selection tools tab in the top-left corner contained six choices for selecting clusters of charging locations. It set on which location level you wanted to calculate KPIs, and which part of the charging infrastructure you wanted to see on the map based on:




	
Location level (address, neighborhood/sub-district district, or city),



	
Project (shows all charging locations part of a project/experiment),



	
Charge Point Provider (shows all charging locations of the selected CPO),



	
Use type (shows all charging locations used by the selected usergroup),



	
Fastcharger (shows only fastchargers on the map),



	
Chargehub (shows only chargehubs—e.g., a clusters of charging points—on the map).








After selecting a level in “location level”, KPIs were calculated based on all charging locations in the cluster, e.g., the district, sub-district, or city in which a selected charging location was situated.




6.2.3. Assessment Tools


“Filter based on KPI”: Changed the color of the charging location markers in the map based on the selected KPI, year, month, and KPI thresholds. Having set the KPI thresholds, the charging locations performing below the minimum threshold color were green, orange if the performance of a location fits the installed range, and red if the location performed above the maximum threshold of the installed range.



“Vulnerability”: Using the principle of cascading failure, the effect of “competition” for usage of a charging location by EV users was measured by this assessment tool. If a charging location was not available (out of service or occupied), regular sessions could not be fulfilled at the desired location. Users search for an alternative location within a certain walking distance. Based on the historic charging data of a selected month, the vulnerability tool calculated two indicators: service failure and inconvenience. Service failure indicated the fraction of regular sessions of a charging location during the set year and month that could not be transferred to other charging locations within the set radius. Inconvenience counted the number of charging sessions having to transfer to an alternative location within the set radius during the set year and month. The more charging sessions having to be transferred, the more users were being affected.



“Car sharing”: Indicated locations that were highly occupied by vehicles as part of a free-floating car-sharing scheme. Depending on the set thresholds for the minimum and maximum occupancy rate caused by free-floating car-sharing at a charging location, the charging locations on the map color green, yellow, or red.



“Charge Point Classification”: Changed color of the charging location markers in the map based on the following rules:




	
Green = hourly occupancy at the charging location was less than 50% both during the day and night



	
Red = hourly occupancy at the charging location was larger than 50% both during the day and night



	
Blue = “Day location”: hourly occupancy during the day was more than 50%, whereas hourly occupancy during the night was less than or equal to 50%.



	
Yellow = “Night location”: hourly occupancy during the night was larger than 50%, and hourly occupancy during the day was less than or equal to 50%.











7. Implementation of the Assessment Platform for a Demand-Driven Expansion of CI


Citizens living and companies located in Amsterdam, Rotterdam, and Utrecht could send a request for a public charging point to their municipality. Once a request was received and validated, two main questions had to be answered: (1) Is charging infrastructure present or planned within a radius of X (in most cases a radius of 250 to 300 m meter from the requester’s address was taken into account); and (2) Does the performance of the nearby infrastructure justify expansion of the infrastructure? Figure 5, Figure 6, Figure 7 and Figure 8 illustrate how the assessment tool was being used by the roll-out practitioner.



After having checked the performance results, as shown in the above figures, the practitioner balanced the various KPIs and either proposed a new location to the various stakeholders or declined the request. In both cases, KPI reports and maps provided important information supporting the decision and convincing the stakeholders. Downloads could be made either by clicking the “generate report” button or using the “export graph” button in graph mode. If stakeholders did not approve the proposed expansion, iterations took place assessing the infrastructure performance and arguments were gathered based on the charging data represented in the assessment tool.




8. Implementation of the Assessment Platform for the Detection of CI Bottlenecks


With a dense charging infrastructure in place and growing numbers of electric vehicles on the road, it became crucial for the roll-out practitioner to regularly assess the charging infrastructure on potential bottlenecks. This was in order to be able to anticipate and keep the roll-out of charging infrastructure in pace with the growing need for it.



8.1. Vulnerability Tool


The vulnerability tool, as described in Section 6.2.3, provided the opportunity to assess the performance of the infrastructure, add new users, or in case charging locations were out of service. At vulnerable charging locations, expansion might have been considered depending on the number of affected users in case of service failure, whether a new user entered the infrastructure, or the fraction of sessions which could not be fulfilled by the infrastructure. Figure 9 represents a practical use case for the vulnerabily tool. Further development of the algorithms behind the tool are being considered by the developers: e.g., creating the opportunity to add a charging location in the tool manually and testing the effect on the vulnerability scores.




8.2. Charge Point Classification Tool


Another tool used for the detection of potential bottlenecks in the infrastructure was the charge point classification tool. After selecting the desired year and month and clicking the “apply filter” button, a visual overview was generated on the map indicating the level of average occupation during the day and night of each charging location. The threshold of 50% was set by the practitioners as a relevant trigger in case of a new request. In case all charging locations within 300 m walking distance from the requester’s address showed an average occupancy of more than 50%, a new charging station would be installed. If the charging infrastructure had the capacity to serve a new applicant (in case there was a charging station within walking distance with an average occupancy of less than 50%), the applicant would be referred to this particular charging station. Red highlighted charging locations had an hourly occupancy rate of over 50% both during the day and the night. Once the red locations had been detected (see Figure 10), the roll-out practitioner could start to evaluate single locations by checking their number of unique users, kWh charged, etc., in order to make an informed decision whether to expand the charging infrastructure in order to avoid problems in the future.





9. Implementation of the Assessment Platform for the Strategic Expansion of CI


Strategic expansion captures a wide range of possible strategies to develop and expand the charging infrastructure. The current version of the assessment platform provides general knowledge to inform a chosen strategy. Assessment tools based on forecasting or simulation models/algorithms can be implemented in the web application on request. The car sharing tool is an example of a tool developed on request in order to evaluate a chosen strategy (Figure 11). The tool creates insight in at which locations vehicles part of a free-floating car-sharing scheme charge, and to which extent they contribute to the occupation of the charging infrastructure.




10. Discussion and Conclusions


The need for a roll-out of a public charging infrastructure in order to facilitate the adoption of both PHEV and BEV has been established unquestionably in the literature and formalized by the EU directive 2014/94/EU on the deployment of alternative fuels infrastructure [1]. Concerns in rolling out CI include providing both overcapacity (too many charging points, with a limited business case and scrutiny from local community), as well as under capacity (leading to limited accessibility for EV drivers) [20,21]. The roll-out is a balancing act between investing to enable (candidate) EV drivers and to limit costly investments in public CI.



Design and planning methods described in the literature are based on GPS, demographic, or traffic flow data and focus on the early stages of a CI roll-out. Real-life charging data are either not available or limited in both transaction quantity and time-scale. Big data provides infrastructure developers great opportunities to optimize the roll-out of CI [6]. The case described in this paper resulted in access to knowledge and information for CI roll-out practitioners on the performance of 8650 public charging points installed in the four largest cities in the Netherlands and the four western provinces. The assessment tool represented over 7.3 million charging sessions by June 2018.



The scientific body on the assessment of CI utilization and performance is small. In close cooperation with CI roll-out practitioners, five KPIs for the performance of a CI were developed and integrated in the assessment tool. Assessment of the CI based on these KPIs made it possible to adapt to changes—be it in society, with regard to changes in available technologies, or the behavior of people. This is a crucial act in light of the transition towards emission free transport. One limitation is that the current version of the tool does not integrate all location-specific information required in the decision process, such as the lay-out of the electricity grid, demographic information, spatial planning, and information on current and planned roadworks. Future development and research will be aimed at the elaboration of the tool to cover a larger range of information used in the roll-out process.



Since the assessment platform, its DWH architecture and the assessment tool have been designed specifically to process charging data in the form of CDRs and MVs, and the results are generalizable beyond the case study regions in the Netherlands.
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Figure 1. Charging Data transformation process. 
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Figure 2. Preparation phase of the EV-infrastructure roll-out process. 
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Figure 3. Homepage including explanatory textboxes. 
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Figure 4. Example of a KPI list. 
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Figure 5. Select nearby infrastructure within 300 m radius from the requester’s address. 
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Figure 6. Checking hourly occupancy of nearby charging points during the past 6 months. For each hour of the day, the occupation rate of the selected charging locations is shown. E.g., between 5 and 6 a.m., the occupation of location “Prinsengracht 136” is 90%. 






Figure 6. Checking hourly occupancy of nearby charging points during the past 6 months. For each hour of the day, the occupation rate of the selected charging locations is shown. E.g., between 5 and 6 a.m., the occupation of location “Prinsengracht 136” is 90%.



[image: Wevj 09 00025 g006]







[image: Wevj 09 00025 g007 550] 





Figure 7. Checking the development of the number of unique users during the past 6 months. 
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Figure 8. Checking the number of sessions during the past 6 months. 
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Figure 9. Inconvenience of the charging infrastructure May 2017. In red, the charging locations at which there were more than 12 unique users are being affected by one user added to the network. 
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Figure 10. Charge point classification indicating high hourly occupation during the day, night, or both. 






Figure 10. Charge point classification indicating high hourly occupation during the day, night, or both.



[image: Wevj 09 00025 g010]







[image: Wevj 09 00025 g011 550] 





Figure 11. Car sharing analysis. Charging locations occupied for over 30% by fleet cars are colored red. The threshold could be adjusted according to the practitioner’s desire. 
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Table 1. Charging infrastructure objectives, metrics, and key performance indicators.
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	Nr.
	CI Objectives

Helmus et al. 2016
	CI Metrics

Huang et al. 2016
	Key Performance Indicators

Charging Infrastructure Data





	1.
	Achieve sustainability goals cost effectively
	Minimize total travel time

Maximize charging post usage

Minimize total access cost
	Sum kWh



	2.
	Stimulate electric mobility
	Maximize flow captured

Minimize trip failure
	# unique users

# sessions



	3.
	Optimize utilization of CI
	Maximize covered demand
	Average occupancy

24 h occupancy



	4.
	Manage parking pressure
	Maximize charging post usage
	Idem 3



	5.
	Positive business case
	Minimize cost
	Charging data not applicable



	6.
	Safeguard grid quality
	Equalize electric loadsMinimize network cost
	Charging session profiles
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Table 2. Nomenclature.
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	Abbreviation
	Meaning
	Explanation





	AUAS
	Amsterdam University of Applied Science
	



	BEV
	Battery Electric Vehicles
	



	CDR
	Charge point Detail Record
	Data table; each row representing one charging session by minimally a session identification number, start time, end time, kWh charged, and charging card identification number.



	CI
	Charging Infrastructure
	A network of charging points for EV drivers, be it level 1, 2 or 3 charging equipment, public, semi-public or private and/or charging hubs.



	CPO
	Charge Point Operator
	



	DIM
	Dimension
	A data set composed of individual, non-overlapping data elements. Dimensions provide the opportunity to filter, group and label in data analysis.



	DWH
	Data Warehouse
	Central repository of integrated data from one or more disparate sources used for reporting and data analysis.



	ETL
	Extract-Transform-Load
	Refers to the process of extracting data from data sources, transforming the data for storage in the proper structure for querying and analysis and loading the data into the final data warehouse.



	MRA-E
	Metropolitan Region Amsterdam Electric
	Project office aimed at stimulating electric mobility and installing public charging points in the provinces Noord Holland, Flevoland and Utrecht.



	MS SQL
	Microsoft SQL
	Relational database software.



	MV
	Meter Value
	Value generated at certain time intervals counting kWh uptake of a charging point.



	KPI
	Key Performance Indicator
	Metric indicating charging infrastructure performance.



	PHEV
	Plug-in Hybrid Electric Vehicles
	



	SQL
	Structured Query Language
	Standard language for storing, manipulating and retrieving data in databases.



	SSIS
	SQL Server Integration Services
	Platform for building data integration and transformation solutions (see also ETL).










[image: Table] 





Table 3. Data Warehouse architecture for storage and retrieval of charging data.
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	SNAPSHOT Tables
	FACT Tables
	DIM Tables





	HOURLYOCCUPANCY
	METERVALUE
	TIME



	CONNECTED
	CHARGETIME
	LOCATION



	
	CHARGESESSION
	DATE



	
	
	CHARGEPOINT



	
	
	CAR



	
	
	RFID
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