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Welcome and Announcements Introductions 

MDOT Deputy Secretary, R. Earl Lewis, Jr., welcomed all meeting participants.  

Paul Verchinski was welcomed as a new member of EVIC, filling the role of a member of the public with 

expertise in transportation or energy policy. 

Public Comments 

• Bob Bruninga – Mr. Bruninga referenced a report that 97% of commuter charging can be done

with 120V chargers. 2/3 EVs on the market can charge from 120V in less than 8 hours. Charging

at work is important and Mr. Bruninga is requesting the State of Maryland create a policy for

employees to charge at work with daily use of 120V outlets for small payments (please see

attached statement).

• Lanny Hartmann – Mr. Hartmann attended an EV data-thon at the white house in 2016. He

learned the integrity of the data is critical to driving public policy decisions. Mr. Hartmann noted

that data from the EV Infrastructure grant program shows many chargers with 100% up time.

From Mr. Hartmann’s experience, that infrastructure has been temporarily inoperable. Mr.

Hartmann is concerned that the data is not reliable (please see attached materials).



Review of Notes from March 15th meeting 

• EVIC members did not have any comments to the draft notes and they will be posted to the EVIC 

website. 

PSC PC 44 Update 

• MEA, MDE, and MDOT participated in the PC 44 hearing, testifying in front of the PSC. As of May, 

MD has over 12,600 registered EVs in the state.  

• During the hearing, the commissioners stressed the importance of geographic diversity of EV 

infrastructure and investment. 

• Paul Verchiniski noted that the PSC may be worried about stranded costs, and that most EV users 

use a 120V line, not DC Fast Charging. 

• John Murach also attended the hearing and noted that the commissioners received the message 

regarding the importance of EVs, and the level of support (EVSE) needed for future EV adoption 

in Maryland. 

• Scott Wilson noted that the Office of People’s Council requested further study on any rate / 

demand impacts. 

Committee updates 

State Agency  

Chair: R. Earl Lewis Jr.  

• MDOT developed procedures for EVIC for review by the EVIC members 

o The procedures outline the basis of EVIC and requirements, EVIC’s membership, meeting 

procedures, and council actions and responsibilities 

• State Agencies and the Communications Committee have been working on an updated website 

design and content for marylandev.org.  The design was previewed during this meeting.  Content 

will be updated and passed through committee to EVIC as it is developed 

• MDOT is continuing to support outreach events under the MDEV umbrella and has been at several 

events across the state including the Maryland Chicken Wing Festival, Savor Bowie, and Ocean 

City Springfest 

o Interstate Wine Festival in Hagerstown will be the next and last Spring event 

o Mr. Verchinski suggested attending Wine in the Woods, in Howard County MD 

• MDOT is developing a signage plan for the state, focusing first on the FHWA designated corridors  

o SHA is working on an enterprise asset management plan which will include an inventory 

of existing signage – including EV signage 

o Mike Wall mentioned that chargers are painting the parking stripes green and sometimes 

the curb, but not using EV parking only paint on the ground 

• EVIC was reminded of crossover between our Council and the Maryland Commission on Climate 

change, which is reviewing state fleet procurement options for Maryland and reviewing the ability 

to deploy electric buses 

• MEA – Mike Jones presented that 554 rebates have been issued so far 

o $690k Grants – about 58% of available funds, $463K of that is for commercial systems 

o June 30 is the deadline for this fiscal year 



o Questions about the programs include: 

▪ Is a credit card reader required? 

▪ Questions about permitting requirements 

▪ Energy star system requirements 

▪ Can you get a rebate after previously receiving one? 

▪ UL or other safety certification requirements 

o AFIP awards have been completed - 16 DC fast chargers at 7 locations, totaling $787k 

▪ Q1 2018 – Royal Farms chargers, OC and Cambridge had maintenance issues 

repaired in January 

• Camp Springs Royal Farms location was totaled by a car in a high-speed 

chase, which was replaced last week 

▪ FY 16 EVI chargers, mostly at city libraries, have had a number of issues. Most 

have been fixed. The Gwynn fall parks station had a broken meter and should be 

fixed within a month. 

▪ FY 17 EVI chargers – 3 of the 4 chargers in Frederick have had a number of service 

and power interruptions 

▪ 2 of 3 ChargePoint sites have moved due to site host issues 

• Hagerstown location should be online soon 

▪ EVGO also moving locations, with 6 chargers coming online soon 

• MDE discussed the VW settlement – hoping for a Maryland plan release in June 

• MDP is continuing their public outreach for “A Better Maryland” the State Development Plan 

Legislative Workgroup 

Chair: Dave Schatz (Chargepoint) 

• Dave discussed Florida’s right to charge legislation as a potential example for future Maryland 

legislation (see attachment) 

Communications 

Chair:  Ashley Myers (BEVI) 

• BEVI internship starts June 18 for the summer 

• There will be six interns from UMBC, MICA, and Johns Hopkins 

o Interns will work on promotional videos  

• BEVI requesting any volunteers for a guest speakers to the interns 

 

 

 

 

Next Meeting July 19th 2018 
2:00 p.m. – 4:00 p.m. at MDOT 

Harry Hughes Conference Room 
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Colleen Turner

From: Robert Bruninga <bruninga@usna.edu>
Sent: Tuesday, June 5, 2018 3:34 PM
To: Wood, Eric; Rames, Clement; Moniot, Matthew; David.Collins@maryland.gov
Cc: Colleen Turner; Scott Wilson; ben.grumbles@maryland.gov; Andrew.farkas@morgan.edu; 

michael.jones1@maryland.gov; chris.rice@maryland.gov; John.J.Murach@bge.com; Robert Bruninga; 
demicheel@pepcoholdings.com

Subject: Comments on NREL draft report to PSC and MD EVIC
Attachments: Comments-on-NREL-draft-report-b.docx

NREL Authors, (PSC and MD EVIC) 
 
At the MD EVIC June meeting, reference was made to the NREL draft report to the MD PSC that reported a requirement 
for  "17,000 required L2 chargers at work" with no mention of existing or future L1.  This figure drastically misleads the 
actual requirement that is possibly a mix of only 3% L2 and 97% 
L1 at work as previously concluded in the 2012 MD EVIC report. 
 
Please consider re‐evaluating the final NREL report to separately identify the L2 and L1 at‐work requirement due to this 
30‐to‐1 difference with the original MD EVIC report. 
 
The attached comment letter summarizes at least 21 un‐intended consequences of conflating L2 and L1 data when the 
differences in cost, impact and workplace dynamics are so widely different.  Also the letter includes detailed comments 
associated with some assumptions throughout the NREL report. 
 
Bob Bruninga, PE 
IEEE Committee on Transportation and Aerospace Policy* Instructor US Naval Academy* Climate Stewards of Greater 
Annapolis 
310‐293‐6417 
 
* This email and letter are personal opinions and do not represent the IEEE nor USNA in any way. 



Comments on the NREL report:     (draft a)   5 June 2018 

 
Bob Bruninga, PE 

IEEE committee on Transportation and Aerospace*  

Instructor at the US Naval Academy* 

35 year EV owner and solar homeowner 

  

 Comments are personal and not endorsed or coordinated in any way by the IEEE or Naval Academy 

In summary, the report’s requirement for 17,400 workplace Level 2 plugs is extremely 

misleading because it did not address the significant value of L1 charging-at-work and assumed 

that all EV charging opportunities away from home were either L2 or DCFC. This is in contrast 

to the original 2012 MD EVIC report that showed that 97% of charging-at-work can be met with 

L1. We EV owners agree with the original MD EVIC report and see -no- advantage to L2's at 

work (other than one per every workplace for mid-day travelers)  and almost nothing but 

disadvantages for many reasons: 

1) L1 outlets cost orders of magnitude less than metered L2 (not counting installation) 

2) L1 can provide a full 34 miles or more per 8 hour day while the employee is parked.   

3) L2's at work must be shared and often serve only a single car at great expense. 

4) Midday car movement required for L2 sharing is an extreme disincentive. 

5) Remaining parked at an L2 after charge complete creates user animosity and discontent 

6) L2 chargers exacerbate the employer's demand charges (6X peak loads compared to a steady L1) 

7) Demand response and V2G cannot work unless all cars are plugged in (L1). Versus shared (L2) 

8) 29 of all 45 EV's (PHEV's) on the market can be fully charged in under 8 hours from L1 at work. 

9) These 29 EVs can satisfy the full charging need on L1 of MUDs who cannot charge overnight at home 

10) 12 models can be fully charged in under 4 hours in time for lunch from L1 

11) All 45 can fully replenish the mean MD incoming 16 mile commute by noon from L1 

12) L2's provide from 80 to 160 miles charge and require complex metering and billing to control cost 

13) Metering and billing systems cost thousands $$$ more per station and need internet connectivity 

14) Thousands of L1's already exist in parking lots. 

15) L1 requires no metering and billing equipment or connectivity.  Payment is by the month 

16) The FAST act of 2016 authorizes federal employee daily L1 charging for $6 per biweekly pay period 

17) L1 slow charge rate, eliminates risk and temptation.  It takes 5 hrs just to steal $1 of electiricty 

18) L1 at work charging is self-policing.  Other EV owners competing for outlets will report any abuse 

19) In contrast, un-metered L2 is a temptation to theft ($1/hr) or greed ($8/day) 

20) Enforcement of L1 by employer is as trivial as patrolling handicapped spots 

21) Charging at work will also have a greater bias when solar growth makes daytime electricity cheapest. 

 

Easy Fix to the Report?  There may be an easy fix.  The original draft assumed that all dwell 

times over 2 hours would be L2.  A better assumption would add an additional condition, that all 

dwell times greater than 3.6 hours would imply L1.  The justification for this assumption is: 

 

- Using just an 8 hour trigger for L1 would miss everyone who took a lunch break.   

- Using 4 hours to trigger L1 does not allow for the variability of lunch time breaks 

- Using 3.6 hours might be ideal to capture the variability in lunch breaks  

- And 3.6 hrs on L2 conveniently equals the average American mileage of 40 mi/day.   

  So anything more than 3.6 hours on L2 implies a perfectly good L1 opportunity. 
 



Detail Comments:  What follows are excerpts from the report with original text copied 

where appropriate in black, with highlights in cyan, and my comments in red. 

 

 

Meeting 2025 ZEV Goals: An Assessment of Electric Vehicle 
Charging Infrastructure in Maryland 
Technical Report  NREL/TP-5400-xxxxx  March 2018        Contract No. DE-AC36-08GO28308 
 

 

Executive Summary 
…to conduct a statewide assessment of the electric vehicle charging infrastructure requirements for Maryland to 

meet its goal of supporting 300,000 zero emission vehicles by 2025…. 

 

This is good.  It is 5 years sooner than the targeted 300,000 by 2030 in the 2012 report. 
 

Results indicate that significant expansion of Maryland's electric vehicle charging infrastructure will be required to 

support the state’s PEV goal for 2025. Analysis shows that a fleet of 300,000 PEVs will require 17,400 workplace 

Level 2 plugs, 9,300 public Level 2 plugs, and 1,000 fast charge plugs. These estimates assume …that the majority 

of charging will happen at residential locations. … 

 

The 17,400 L2 requirement is misleading by a factor of 30 or more compared to the 2012 report. 

1 Introduction 
… a convenient and effective charging network … should allow long-distance travel for battery electric vehicles 

(BEVs), empower residents who do not have access to residential charging, and provide convenient charging options 

for all PEV drivers. …– both to reduce range anxiety as a barrier to PEV sales and to ensure the effective use of 

private/public investments in PEV charging infrastructure. 

 

2.1 Existing Vehicle Stock 
IHS data report 4.73 million LDVs registered in the state of Maryland at the conclusion of 2016. 

… More recent data provided by the Maryland Vehicle Administration shows a total of 10,175 PEVs registered in 

Maryland as of November 2017 with 57% as PHEVs and 43% as BEVs indicating a recent surge in BEV 

registrations (relative to PHEV registrations)…. 

 

Notice change from the 2012 report which was 30% BEVs, 30% PHEV40, and 40% PHEV10 back 

when the 11 mile Prius dominated.  Now PHEV10 has virtually disappeared.  By my count, today the 

ratio of the 45 EV’s on the market is already 36% BEV, 38% PHEV30, and 27% PHEV15. 

http://evadc.org/wp-content/uploads/2018/04/EVInfoSheet-20180403.pdf 

2.2 Existing Public EVSE 
… As of February 2018, Maryland had a total of 70 L1 plugs, 966 L2 plugs, and 172 DCFC plugs… 

 

This count ignores the unknown thousands of existing L1 outlets at commercial, state and federal 

facilities and parking lots.  Even the federal government recognizes the value of L1 charging at 

work by providing authority for the use of existing outlets and the modest installation of same 

which were authorized to all federal agencies by the FAST act of 2016. 

 
Finally, note that a given charging location may have multiple charging types. A station with plugs for Level 1 and 

Level 2 charging is counted as both types. Thus, the total number of Level 1, Level 2, and DCFC stations reported 



for the state of Maryland exceeds the number of charging locations. Please refer to Appendix A for raw plug and 

station counts at the utility service territory and county levels. 

 

This can be confusing. If known, the mix of L1 and L2 is important and should be documented. 

Also, this does not account for the thousands of existing outlets at any state, federal, or 

commercial workplace or parking lot. 

2.3 Baseline PEV Scenario: 300,000 in 2025 
This analysis assumes that the Maryland 2025 PEV stock is distributed as: 30% PHEV20, 20% PHEV50, 15% 

BEV100, and 35% BEV250 … differentiating between PEV powertrain type (BEV vs PHEV) and electric range are 

shown to be important factors for the analysis. 

 

PHEV20 is probably not representative of the average PHEV that is going to want to charge 

away from home.  The affordable 17 of  29 PHEV’s on the market now average almost 30 mile 

PHEV’s and the 12 luxury models with only 8 to 14 mile range and hundreds of gas mile range 

will simply never bother to charge away from home.  So PHEV20 should not be used.  PHEV30 

is more realistic. 
 

… existing HEV registrations are used to predict the spatial distribution of PEVs in 2025 (spatial distribution of 

existing HEVs by zip code is shown in Figure 8). Prior research has shown that areas with large number of HEVs 

are correlated with adoption of PEVs (Wood et al. 2018). 

 

Agreed. 

 
Assumptions regarding potential availability of residential charging at each household type are applied considering 

renters and individuals in large complexes having limited ability to park and charge their vehicle in a consistent 

location. These individuals would presumably be reliant on workplace charging and public networks to satisfy the 

majority of charging needs. This combination of housing data and assumptions regarding availability of home 

charging result in 70% of 2025 PEVs having access to home charging, with the remaining 30% classified in the 

remainder of the report as MUDs without access to home charging. 

 

This would appear to be a reasonable assumption.  But it assumes an even distribution of buyers 

without respect to the time period of this report and motivations of early adopters.  Since the 

period covered by this report is only through 2025, and only less than 10% electrification is 

expected by then, the preponderance of early EV purchasers will favor Homeowners and those 

who can charge at home now.  It is unreasonable to assume that by 2025, apartment dwellers will 

have equal access to charging (at work) as homeowners enjoy.  This skews the numbers to 

require higher…  On the other hand, it can be argued that this is the intent of this report, to 

encourage adoption by encouraging more charging at work. 

 

3 INRIX GPS Travel Trajectories 
…. To properly model PEV charging infrastructure requirements in Maryland, NREL acquired individual GPS 

travel trajectories from INRIX, … that worked with automotive manufacturers, commercial fleet operators, mobile 

companies, and state and local transportation departments to provide real-time traffic and mobility analytics… based 

on anonymized GPS data collected from hundreds of millions of devices. 

 

 

3.2 Down Sampling and Data Processing 
Prior to using the INRIX travel data subset in PEV driving/charging simulations, a number of 

data processing steps were completed, including: 



• Removing the 1st & last vehicle-day for each device identifier (to remove incomplete travel days) 

• Editing trip origins to ensure consistency with previous destination in the trip chain 

• Computing trip driving distance based on adjusted origin, waypoints, and original destination 

• Assessing trip destinations (i.e., home and workplace location for each device identifier) 

• Implementing spatial joins on county, utility service territory, and land use data layers. 

These processing steps are consistent with measures taken by NREL on a similar INRIX dataset (Wood et al. 2018). 

Down sampling and data processing for all LDV trips in the INRIX travel data set remove approximately 90% of the 

original data,… 

 

Seems reasonable, but there could be unintended consequences if this downsizing ignored things 

that might be different between L1 and L2 drivers. 

 

3.3 Data Validation 
… Figure 10 shows the distribution of daily vehicle miles traveled (VMT) from the processed INRIX travel data and 

comparable distributions from the 2009 National Household Travel Survey (NHTS), the 2012 California Household 

Travel Survey (CHTS), and the 2011 Massachusetts Travel Survey (MTS). The processed INRIX travel data 

displays significantly longer daily distance driven compared to the traditional travel surveys from around the U.S. 

with up to a 10% deviation in the cumulative distribution of daily VMT (impact of daily driving distance on 

charging infrastructure requirements is explored as a sensitivity in Section 5.2). 

 
Figure 10. Distribution of daily VMT from multiple sources. 

 

“Longer”?  Note that 75% of all days are the American average 40 mile days in the 2012 report. 

70% in the Massachusetts.  But in this report the data shows only 63%.  This assumption of 

longer travel days would significantly skew results toward L2.  Looking at it in miles at the 70% 

travel days, this report assumes the average miles traveled is nearly 15 miles longer than the 

2012 data.  This is a very significant value considering the national average 40 mile day.  Is it 

justified?  Although Maryland has the longest commutes, this is in time, not miles.  And it is 

only miles that significantly affects charging. 

 

4.1 EVI-Pro Model Description 
… EVI-Pro uses PEV market projections and real-world travel data from mass market consumers to estimate future 

requirements for residential, workplace, and public charging under a variety of scenarios. Outputs of the model 

include: anticipating spatial/temporal consumer demand for charging accounting for the impact of SUD and MUD 

residency, weekday/weekend travel behavior, and regional differences in travel behavior and vehicle adoption. … 



 

…including the primary processing steps in the model: 1) conducting individual PEV driving/charging simulations 

over real-world 24-hour driving days, 2) spatial-temporal post processing of individual charging events to derive 

ratios of charging plugs to PEVs, and 3) scaling said ratios per a PEV stock goal or projection. 

 

EVI-Pro uses a “bottom-up” approach to estimate PEV charging requirements with the fundamental element of 24-

hour daily driving schedules from real-world vehicles. While these driving schedules are typically sourced from 

gasoline vehicles, EVI-Pro simulates each driving day as though it were attempted in a PEV. By applying real-world 

travel data from gasoline vehicles to simulated PEVs, EVI-Pro attempts to estimate charging solutions that enable 

future PEVs to serve as a direct replacement for the gasoline vehicles that represent the present-day majority of the 

light-duty vehicle fleet. 

 

A reasonable starting point, but this ignores the EV Stewardship effect.  It is widely reported that 

once drivers of EVs are aware of their daily driving miles which is typicaly 1/8th of the daily 

range of a gas car, they become more attuned to their wasteful habits and become much more 

efficient drivers and route planners.  These drivers do NOT report this as added range anxiety, 

but rather better attunement to how they use energy.  They also may tend to take public 

transportation slightly more often. 

 
Charging solutions to complete individual days of driving are estimated by identifying charging opportunities that 

are consumer-oriented for both convenience and cost. Convenience is achieved by simulating charging events as 

only occurring during dwell times present in the original travel data. The EVI-Pro method implies that the 

mainstream PEV drivers will have a low tolerance for altering travel behavior on a regular basis to accommodate 

charging their vehicle. When the price of charging is equivalent for two or more locations EVI-Pro assumes that 

consumers prefer to charge at locations with long dwell times. … Simulated consumers in EVI-Pro are modeled as 

being economically efficient, preferring to charge their vehicles at locations that help minimize charging costs. …. 

 

Seems reasonable 

In addition to the objective of minimizing cost, simulated consumers are also subject to constraints on battery state 

of charge. For each simulated driving day in EVI-Pro, BEVs are required to maintain battery state of charge above a 

pre-defined level, defined as a reasonable proxy for minimizing range anxiety (a 20-mile range tolerance is assumed 

in this study). Since PHEVs can operate with a depleted battery in charge sustaining mode, EVI-Pro does not place a 

constraint on the minimum allowable state of charge for PHEVs, but instead attempts to maximize electric vehicle 

miles traveled (eVMT) and minimize gasoline consumption. 

 

Seems reasonable. 

EVI-Pro calculates spatial-temporal coincidence of simulated charging events by geographically aggregating 

charging sessions and allocating sufficient charging capacity (plugs) to prevent queuing at each individual charging 

location (stations). 

 

Seems reasonable. 

 

Table 4. Modeled PEV Attributes 

PHEV20 might be obsolete.  The 12 Luxury PHEV’s (that average 14 mile EV range) have 

practically no interest in charging away from home and the average of the 17 of 29 reasonably 

priced PHEV’s is almost 30 miles now.  The minimum should probably be a PHEV30. 

 
 



4.3 Simulated Infrastructure Attributes 
For all simulated charging opportunities, a minimum dwell time for the driver to consider plugging in (at all 

location types, including home) is also be specified (minimum dwell time of 2 hours for L1/L2 opportunities, 

30 minutes for DCFC opportunities), though simulated consumers may not plug in at every opportunity depending 

on their daily charging needs. 

 

Reasonable to assume for both L1 and L2.  But there is huge difference between the two. 

 
This analysis considers a baseline scenario where residential charging is preferred by consumers (if available) with 

workplace charging, public L2 charging, and DCFC charging used to fill gaps in daily charging needs (in that order).   

 

5 Simulation Results 
Section 5.1 reports infrastructure requirements for a baseline scenario considering 300,000 PEVs on the road in 

Maryland by 2025. Sensitivity analyses around some of the key assumptions are explored in Section 5.2. Finally, 

several simulated load profiles are reviewed in Section 5.3 with a discussion on how PEV selection and consumer 

charging behavior influence simulated electrical loads from PEV charging. 

 

5.1 Baseline Results 
…Simulations utilized 24-hour driving days derived from 426 million miles of real-world driving data provided by 

INRIX [and] assumes that future Maryland drivers will attempt to utilize PEVs in a manner consistent with present 

day gas vehicles. (Does not include the EV stewardship effect.  see previous comment)   

 

Furthermore, EVI-Pro assumes a partial level of support for non-residential PHEV charging by residents with 

consistent access to residential charging (under the assumption that half of these drivers will not seek to charge away 

from home as a matter of convenience). A 50/50 split was assumed between PHEVs and BEVs.  

 

A significant percent of overall charging infrastructure requirement was driven by the assumption that 30% of PEVs 

statewide will be owned by individuals without consistent access to residential charging. These individuals (broadly 

defined as MUD residents) are thus reliant on workplace charging and public networks for the majority of their daily 

charging needs. 

 

Seems reasonable. 

 

…A statewide total of approximately 27,000 non-residential L2 plugs and 1,000 DCFC plugs are estimated as 

necessary for supporting future consumer demand for PEV charging. Note that these estimates include a significant 

amount of residential charging. Despite simulating 30% of PEVs as not having access to residential charging, 66% 

of statewide charging is simulated as occurring at home. The percentage of residential charging increases to 

approximately 90% for the 70% of PEVs assumed to have access to charging at their home location). 

 

Table 6. Estimated plug counts by utility service territory. 
Total 17,393 WORK L2… 
 

This 17,400 L2 is the main issue that has ignored L1 and is the contention of my comments.  

This may be the total of required “charging at work” but it drastically misrepresents the effort 

required to meet this requirement.  Since an L1 at-work that already exists or is trivially added 

may cost two orders of magnitude less and is less invasive to install than a typical 

metered/internet connected L2 charger. 
 

Despite the fact that L2 charging outnumbers DCFC by a factor of 26 in these estimates, [and that L1 out 

numbers needed L2 at work by a factor of 30] readers are cautioned against regarding L2 infrastructure as 

more valuable than DCFC [or L1], as this is not necessary true. Fundamentally, each type of charging 

infrastructure plays a unique role in supporting the PEV market. EVI-Pro simulations typically provide the majority 

of L2 [and L1] charging in order to support increased eVMT of PHEVs, which are simulated as not being capable 



of fast charging. As PHEVs are equipped with a gasoline backup for quickly replenishing driving range, non-

residential L2 charging [for PHEV’s] can be considered a relatively soft infrastructure requirement. DCFC 

infrastructure on the other hand is a relatively hard requirement for BEV drivers who have no other alternative for 

quickly replenishing driving range. In fact, the mere presence of DCFC stations is critical for providing BEV drivers 

with a safety net against infamous range anxiety concerns. 

 

OK - with my added comments included.  But range anxiety vanishes with each new EV driver 

who learns the complete value promise of EV’s that charge while parked (out of mind) and begin 

most every trip with a full available EV range.  The range anxiety assumption should be made to 

taper proportional to EV growth. 

 

Estimated L2[/L1] requirements at workplaces are nearly twice as great compared to public locations. EVI-Pro 

finds that commuting distances to workplaces and dwell times for vehicles parked at workplaces on average provide 

superior charging opportunities for supplementing residential charging for residents of SUDs and for serving as the 

primarily charging solution for residents of MUDs. In additional to favorable travel pattern characteristics, 

workplace charging results are bolstered by the EVI-Pro baseline assumption that consumers prefer L2[/L1] 

charging at work as opposed to public locations when both alternatives are viable options.  

 

AND, EV owners that charge at work far prefer a dedicated L1 all day while parked 

compared to having to share an L2 and even worse, to have to move their cars every few 

hours in the parking lot and find another space to accommodate sharing (every day for the 

rest of their lives)… 
 

5.2 Sensitivity Analysis 
... In addition to the number of PEVs on the road, the types of PEVs that get adopted also has a significant impact 

on charging infrastructure requirements. The “PHEV:BEV” and “Range Preference” sensitivities manipulate the mix 

of PEVs while holding the statewide total constant. PHEV:BEV ratio is swept from 4:1 (80% PHEV) to 1:4 (80% 

BEV) and results in a ±16% swing for non-residential L2 and a ±60% for DCFC. Range preference is swept from a 

“short” setting (comprised of 50% PHEV20 and 50% BEV100) to a “long” setting (comprised of 50% PHEV50 and 

50% BEV250). This sensitivity results in a ±10% swing in non-residential L2 and a -14% to +32% for DCFC. These 

two sensitivities directly relate PEV attributes to infrastructure requirements. For instance, PHEVs are not simulated 

as DCFC capable, thus increasing PHEV shares decreased DCFC demand and increased L2 demand. Similarly, 

PEVs with longer electric driving ranges generally decrease infrastructure requirements as they can accommodate 

the majority of their charging needs with an overnight charge at home. 

 

Agreed. 

Consumer preference for fast charging is explicitly considered in the “DCFC Preference” scenario (though not 

directly coupled to market success of long range BEVs or high power fast charging in the sensitivity analysis). This 

scenario assumes that consumers place sufficient value on the convenience of fast charging such that they seek it out 

ahead of L2 for public charging opportunities (however residential and workplace charging remain preferred to fast 

charging). This sensitivity results in a 13% decrease in demand for non-residential L2 and a 28% increase in demand 

for fast charging. 

 

Disagree.  There is a huge difference in L2 vs DCFC charging besides time.  L2[/L1] is done 

while the car is parked and out of mind.  DCFC is a stressful, while-you-wait scenario that 

mirrors the obsolete gas-tank/gas-station legacy model. The value promise of EV’s (most 

overlooked by non EV owners) is avoiding public charging of any type.  Most cars spend more 

than 90% of the day parked usually at home and at work which are ideal charging opportunities.  

These charging-while-parked scenarios offer a very fast 10 second per day overall impact.  



Five seconds to plug in, and later, 5 seconds to unplug.  This beats the inconvenience and time of 

DCFC and Gasoline tanks drastically.   

 
Similarly, the “Workplace Preference” scenario manipulates consumer charging preferences such that public 

charging (both L2 and DCFC) is preferred above workplace charging. To some degree the non-residential L2 effects 

of this scenario are offsetting (demand for workplace L2 decreases and public L2 increases) however on net non-

residential L2 demand decreases by approximately 14%. Conversely, DCFC demand experiences a 11% increase, 

essentially covering the lost demand for workplace charging that cannot be met by public L2. 

 

Public L2 and at-work L2 are totally different.  Public charging is while-in-use and workplace 

charging is while-parked.  Not at all comparable. 

 
While not impacting consumer demand for DCFC, the “PHEV Support” sensitivity has a  dramatic impact on 

consumer demand for non-residential L2. Consumer demand for nonresidential L2 infrastructure decreases by 57% 

in the “No Support” scenario and increases by 43% in the “Full Support” scenario. These scenarios represent 

extreme conditions regarding demand for non-residential charging by PHEV owners with access to home charging 

(a segment of consumers with relatively soft demand for charging away from home). 

 

I’m not sure I understand this topic.  Will defer to later… 
 

The role of MUDs is of unique importance to estimation of charging infrastructure requirements in Maryland given 

the state’s relatively high urban population. Recall that the baseline scenario in this analysis assumes 30% of PEVs 

are adopted by individuals without consistent access to residential charging (broadly referred to as MUD residents in 

this report). The “MUD PEV Share” sensitivity explores the impact of decreasing this assumption from 30% to 0%, 

which results in decreases for non-residential L2 and DCFC demand of 22% and 37% respectively. 

 

Not sure I understand the true significance here, but MUD’s would be ill advised to consider any 

PHEV (without charging at work) since their small EV range demands frequent daily charging. 

 
Given that MUDs are simulated in the baseline as not having access to home charging, this result is relatively 

intuitive. It is also worth noting that this sensitivity is largely consistent with a scenario in which MUD charging 

access at home is enabled (non-residential infrastructure requirements for PEVs with access to home charging are 

roughly independent of residence type)…. Recall from Figure 10 that the cumulative distribution of daily VMT for 

the INRIX data from Maryland exceeds the national average by up to 10%. The “Daily VMT Distribution” 

sensitivity conducts a new set of EVI-Pro simulations using a subset of the INRIX GPS data which more closely 

resembles the national distribution of daily VMT. As expected this scenario decreases infrastructure requirements 

overall; by approximately 18% for both non-residential L2 and DCFC. 

 

As noted before, I am concerned about how this assumption arose.  Yes, MD has longer 

commutes (in minutes) than every other state, but I can find nothing that implies a longer 

distance.  In fact, I might assume the distance is actually shorter than the USA average but 

cannot find any references to distance.  Since EV’s do not waste energy while going slow or 

stopped, then it is not correct to assume longer commutes implies the same longer distance. 
 

5.3 Simulated Charging Loads 
…This section presents simulated load profiles by time of day and location type from the baseline scenario 

presented in Section 5.1.  Figure 14 shows … the weekday profile representing approximately 3,200 MWh of 

electrical demand at residential and non-residential charging stations across Maryland (66% residential) with a peak 

load of approximately 275 MW at 6 p.m. Note that simulations assume uncontrolled charging and do not consider 

any mechanisms for shifting load off-peak or for integration with renewable resources. In reality, Maryland utilities 

are likely to provide consumers with incentives for favorably aligning charging with non-PEV loads and constraints 

on the electrical grid (e.g. time of use rates). 



 

Caution over the long term:  But off-peak will eventually no longer be at night!  As solar 

penetration explodes, the cheapest electricity will eventually be during the day.  See California 

Duck’s-back-curve where the cheapest electricity in California in the Spring and Fall in the day 

is already cheaper than at night. And this demands emphasis on charging at work.  And since 

8 hours equals an almost full EV daily range on only L1 (97% of workplace charging) then 

*eventually* this forces L1 as the most economical solution and lowest cost and least peak 

demand.  Though this will probably not occur in Maryland before the 2025 scenario of this 

report. 

 

 
Figure 14.  Aggregate statewide load profiles for a weekday, baseline. 

Redraw this to include the 97% (or updated number) of the WorkL2 being L1 

Figure 15 decomposes the statewide charging load between residents of SUDs and MUDs (70% and 30% of 300,000 

PEVs respectively). The SUD profile takes a familiar shape with approximately 90% of charging at home locations, 

primarily concentrated between 4 p.m. and 8 p.m. The MUD profile is exclusively non-residential (by definition) 

and concentrated between 8 a.m. and 12 p.m.  

Agreed. 

 
Figure 16 further decomposes the statewide load…. Note that the BEV250 almost exclusively relies on L2 charging 

at home, resulting in a sharp peak in aggregate load in the early evening hours. 

 

This will eventually change due to solar when utilities will offer cheaper charging at work during 

the day than the homeonwer can get at night.  Though this will probably not occur in Maryland 

before the 2025 scenario of this report. 

 

 
6 Summary 
… As of November 2017, 10,175 PEVs were registered in Maryland with 57% as PHEVs and 43% as BEVs. As of 

February 2018, Maryland had a total of 70 L1 plugs, 966 L2 plugs, and 172 DCFC plugs publicly accessible to PEV 

drivers. 

… 

EVI-Pro simulations estimated that 17,400 workplace Level 2 plugs, 9,300 public Level 2 plugs, and 1,000 DCFC 

plugs are necessary to support 300,000 PEVs in Maryland by 2025. 

 

This is the main issue:  That conclusion assumed that 100% of all charging at work was L2.  It 

did not address the fact that the vast majority of daily EV charging-at-work can be met with L1 



at drastically lower cost and infrastructure. A possible error by a factor of 30 to 1.  Many people 

and the original MD EVIC report conclude that 97% of all charging-at-work can be met with L1 

charging.  And the cost of infrastructure for L1 can be two-orders-of-magnitude less than L2 

since no hourly metering (and credit card and internet access) is needed.  So a simple L1 

opportunity at each parking spot and a $15 national average monthly allotment per employee can 

do the same job (in 97% of the cases) as a $4500 metered L2 charger. 

  

 

 

Here are a few more personal insights to consider regarding L1/L2 ratios. 

 

1) Every employer with employee parking should have at least have one L2 charger.  There 

are at least 128 Maryland employers with more than 1000 employees.  This should 

extend down to employers in the 100 size as well (that number should be found). 

 

2) Our local EV club (EVADC.org, one of the oldest in the country) has settled on a 

recommendation of at least a dozen L1’s for each L2 at work. 

 

3) At the Naval Academy with about 1000 employees (still with zero employee charging), 

we currently have 27 EV driving employees, but only 2 indicate a real solid need to 

charge-at-work daily and these would both be very satisfied with an L1 capability.  Most 

fear the unintended-negative-consequences of blind installation of metered L2’s in place 

of the far more practical and numerous L1’s 

 

4) Use caution.  Of course if you ask any EV owner whether she would want an L1 or an L2 

at-work, the quick answer will almost always be L2 because its “faster” and he does not 

have to pay for it nor has probably not considered all the negative unintended 

consequencies. 

 

While my comments are generally biased to emphasize the value of L1 to the employee and 

employer for charging at work, they should at least be fairly considered as suggesting a second 

look at some of the assumptions used by NREL in their draft report. 

 

Sincerely, 

 

 

Bob Bruninga, PE 

IEEE Committee on Transportation and Aerospace Policy* 

Instructor US Naval Academy* 

410-293-6417 
 

*These comments are personal and not endorsed or coordinated in any way by the IEEE or Naval Academy 



FL Condo Bill as Passed 
 
(8) The Legislature finds that the use of electric vehicles conserves and protects the state's 
environmental resources, provides significant economic savings to drivers, and serves an important 
public interest. The participation of condominium associations is essential to the state's efforts to 
conserve and protect the state's environmental resources and provide economic savings to drivers. 
Therefore, the installation of an electric vehicle charging station shall be governed as follows:  
 
(a) A declaration of condominium or restrictive covenant may not prohibit or be enforced so as to 
prohibit any unit owner from installing an electric vehicle charging station within the boundaries of the 
unit owner's limited common element parking area. The board of administration of a condominium 
association may not prohibit a unit owner from installing an electric vehicle charging station for an 
electric vehicle, as defined in s. 320.01, within the boundaries of his or her limited common element 
parking area. The installation of such charging stations are subject to the provisions of this subsection.  
 
(b) The installation may not cause irreparable damage to the condominium property.  
 
(c) The electricity for the electric vehicle charging station must be separately metered and payable by 
the unit owner installing such charging station.  
 
(d) The unit owner who is installing an electric vehicle charging station is responsible for the costs of 
installation, operation, maintenance, and repair, including, but not limited to, hazard and liability 
insurance. The association may enforce payment of such costs pursuant to s. 718.116. 
 
(e) If the unit owner or his or her successor decides there is no longer a need for the electronic vehicle 
charging station, such person is responsible for the cost of removal of the electronic vehicle charging 
station. The association may enforce payment of such costs pursuant to s. 718.116. 
 
(f) The association may require the unit owner to: 

1. Comply with bona fide safety requirements, consistent with applicable building codes or 
recognized safety standards, for the protection of persons and property.  

 
2. Comply with reasonable architectural standards adopted by the association that govern the 
dimensions, placement, or external appearance of the electric vehicle charging station, provided 
that such standards may not prohibit the installation of such charging station or substantially 
increase the cost thereof.  
 
3. Engage the services of a licensed and registered electrical contractor or engineer familiar with 
the installation and core requirements of an electric vehicle charging station. 
 
4. Provide a certificate of insurance naming the association as an additional insured on the 
owner's insurance policy for any claim related to the installation, maintenance, or use of the 
electric vehicle charging station within 14 days after receiving the association's approval to 
install such charging station.  
 
5. Reimburse the association for the actual cost of any increased insurance premium amount 
attributable to the electric vehicle charging station within 14 days after receiving the 
association's insurance premium invoice.  



 
(g) The association provides an implied easement across the common elements of the condominium 
property to the unit owner for purposes of the installation of the electric vehicle charging station and 
the furnishing of electrical power, including any necessary equipment, to such charging station, subject 
to the requirements of this subsection. 
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