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Kekuanaoa Building, 1st Floor 
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Dear Commissioners: 

Subject: Transmittal No. 13-07 
For Approval to Establish Schedule EV-F - Commercial Public Electric 
Vehicle Charging Facility Service Pilot, and Schedule EV-U -
Commercial Public ElectricVehicle Charging Service Pilot 
Hawaiian Electric Companies' Annual Report 

Attached is the Hawaiian Electric Companies' 1 Annual Report on the Progress and Status of the 
Commercial Public Electric Vehicle Charging Pilot rates. 2 

The attached Annual Report provides year ending December 31, 2017 information on the status 
of implementing pilot rates for commercial charging of electric vehicles. 

Sincerely, 

Daniel G. Brown 
Manager, Regulatory Non-Rate Proceedings 

Attachment 

cc: Division of Consumer Advocacy 
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OpConnect, LLC (courtesy copy) 

1 The Hawaiian Electric Companies are: Hawaiian Electric Company, Inc., Hawai 'i Electric Light Company, Inc., 
and Maui Electric Company, Limited. 
2 The Annual Report is submitted in accordance with Ordering Paragraph 1 in the Commission's Decision and 
Order No. 31338, filed on July 1, 2013, for Transmittal Nos. 13-07 and 13-08 (consolidated), as explicitly 
modified by Decision and Order No. 34592, filed June 2, 2017 in Docket No. 2016-0168. 
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Executive Summary 

2017 was an important year for the Hawaiian Electric Companies’1 efforts in electric 

vehicles (“EVs”).  The Companies formally established an Electrification of Transportation 

department to provide greater resources, emphasis, and development in this transformative 

market, and received Commission approval to continue this pilot program for another five years. 

Adoption of EVs continued to grow, with new vehicle models becoming available for sale for the 

first time and electrification efforts being explored for mass transit systems Statewide. The 

Companies expanded their fast charger network, by opening three new charging stations on 

O‘ahu and one station on Hawai‘i Island.  In addition, the Companies received Commission 

approval to extend the pilot programs to June 30, 2023 and to change the tariff rate structure 

from a flat fee to a per kilowatt-hour (“kWh”) basis for the pilot, which went into effect on 

December 12, 2017. The new rates are also priced to encourage charging during the mid-day 

period between 9 a.m. and 5 p.m. when excess solar energy exported to the grid is at its highest.  

The Companies are refining their siting analysis to include indicators of high utilization and have 

conducted several customer surveys regarding EV charging behavior and preferences, which are 

included in this report. 

Background 

In accordance with Ordering Paragraph 1.C. of Decision and Order No. 31338, filed July 

1, 2013 in Transmittal Nos. 13-07 and 13-08 (consolidated), as explicitly modified by Decision 

and Order No. 34592 (“D&O 34592”), filed June 2, 2017 in Docket No. 2016-0168, this 2017 

report provides year ending December 31, 2017 information on the status of implementing 

1 The “Hawaiian Electric Companies” or “Companies” are: Hawaiian Electric Company, Inc., Hawai‘i Electric 
Light Company, Inc., and Maui Electric Company, Limited. 



  

 
 

   

     

 

 

    

 

 

    

   
  

 

  
 

   
   
   
   

   
 

 
 

    

 

 

  

   

   
 

                                                           
    

  

Schedule EV-F: Commercial Public Electric Vehicle Facility Charging Service Pilot, and 

Schedule EV- U: Commercial Public Electric Vehicle Charging Service . 

On July 3, 2013, in accordance with Decision and Order No. 31338, the Hawaiian 

Electric Companies filed their commercial rates Schedule EV-F and Schedule EV-U to be 

effective July 4, 2013. Schedule EV-F supports clean energy goals by encouraging “the 

development of public EV charging facilities by pricing electricity at levels that are lower than 

Schedule EV-C and Schedule J at lower energy consumption levels for start-up EV public 

charging operators.”2 Schedule EV-F incorporates specific terms, including: 

1. The rate is applicable only to separately-metered commercial public EV charging 
facilities providing charging services with demand no greater than 100 kW.  The 
facility is limited to no more than 5 kW for ancillary load, such as area lighting. 

2. Time-of-use (“TOU”) rate periods include Priority-Peak, Mid-Peak, and Off-Peak 
periods. 

Priority-Peak 5:00 p.m.-9:00 p.m., Monday-Friday 
Mid-Peak 7:00 a.m.-5:00 p.m., Monday-Friday 

7:00 a.m.-9:00 p.m., Saturday-Sunday 
Off-Peak 9:00 p.m.-7:00 a.m., Daily 

3. The maximum number of accounts is limited to: (A) 100 meters within Hawaiian 
Electric’s service territory; (B) 40 meters within Hawai‘i Electric Light’s service 
territory; and (C) 40 meters within Maui Electric’s service territory, consisting of 
its Lana‘i, Maui, and Moloka‘i Divisions. 

4. The five year pilot is effective through June 30, 2018. 

Schedule EV-U is intended to support the EV market by allowing the Companies to 

install and operate public EV charging facilities in strategic locations to address range anxiety, 

support the rental EV market, and increase EV acceptance by residents in multi-unit dwellings 

(“MUDs”). The terms for Schedule EV-U include: 

1. Company-operated public charging facilities are based upon a fee-per-charge 
session. 

2 Transmittal No. 13-07 at 22. 
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2. Per session fees during the Priority-Peak and Off-Peak periods are set no more 
than $0.50 above and $0.50 below the Mid-Peak fee, respectively. 

3. The maximum, aggregate amount of Company accounts will be 25. 

4. The Company may curtail charging of EVs under certain circumstances. 

5. The five year pilot is effective through June 30, 2018. 

By Decision and Order No. 33165 issued on September 25, 2015, the Commission 

approved “the Companies’ request to terminate Schedule EV-C, as of October 1, 2015” and 

“suspend[ed] the Companies’ request to establish their proposed Schedules TOU EVD, EV-RD, 

and EV-CD.”3 Therefore, as of October 1, 2015 Schedule EV-F is the only commercial EV rate 

available for EV charging services. 

On June 27, 2016, the Companies filed a request to extend the termination date for 

Schedule EV-F and Schedule EV-U from June 30, 2018 to June 30, 2028.  On July 5, 2016, the 

Commission filed Order No. 33783 and opened Docket No. 2016-0168 for the purpose of 

reviewing the Companies’ request.  On September 15, 2016, the Commission filed Order No. 

33918, establishing the procedural schedule.  On November 18, 2016, the Companies filed their 

Reply Statement of Position thereby completing the procedural schedule.   

On June 2, 2017, the Commission issued D&O 34592, approving a five-year extension of 

the pilot, on the condition that the Companies submit revised rate structures for Schedule EV-F 

and Schedule EV-U within ninety days and comply with applicable requirements.  The 

Commission provided further guidance that the revised rate structures for Schedule EV-F and 

Schedule EV-U should (1) align Schedule EV-F and Schedule EV-U to TOU rates developed 

3 Docket No. 2015-0342, Decision and Order No. 33165, issued on September 25, 2015, at 36. The Commission 
subsequently closed Docket No. 2015-0342 with Order No. 33279, filed October 23, 2015, stating “the 
commission’s review and adjudication of the Companies’ proposed electric vehicle time-of-use tariff schedules will 
be undertaken in Docket No. 2014-0192, as part of the commission's consideration of all of the Companies’ 
proposed time-of-use tariff proposal as a whole.” 

3 



  

 
 

   

 

 

   

 

   

 

  

      

  

 

   
   
   

  

   

   

                                                           
     
   
     
              

 

within Docket No. 2014-0192, (2) “incorporate lessons learned from time of use rates and 

demand response initiatives”4 into the revised rate structures, (3) contemplate various business 

and EV charging models that may be facilitated through various technologies, and (4) be 

“proactive in proposing revised rate structures and tariffs as research, technology, and market-

related changes occur.”5 The Commission also required the Companies to include discussion on 

efforts to forecast anticipated utilization in subsequent EV charging deployments and how costs 

for EV charging deployments have been and are anticipated to be recovered from customers. 6 

On September 5, 2017, the Companies submitted revised rate structures and accompanying tariff 

sheets for Schedules EV-F and EV-U.  On October 13, 2017, the Commission issued Decision 

and Order No. 34867, approving the Companies’ revised tariff sheets for Schedules EV-F and 

EV-U, to be implemented within sixty (60) days.  On December 12, 2017, the Companies 

implemented the revised rate structure for Schedules EV-F and EV-U for all participating 

accounts.  Rate Schedules EV-F and EV-U currently align to the guidance provided by the 

Commission in D&O 34592 by providing the lower energy cost during the Mid-Day period.  The 

time of use periods are currently: 

On-Peak 5:00 p.m.-10:00 p.m., Daily 
Mid-Day 9:00 a.m.-5:00 p.m., Daily 
Off-Peak 10:00 p.m.-9:00 a.m., Daily 

The revised rate for Schedule EV-U incorporates additional guidance from the 

Commission. Schedule EV-U is currently a variable rate based on electricity consumption 

instead of the previous flat fee structure, and includes incremental costs for network fees, non-

labor O&M and customer surcharges.7 The intent of the revised rate structure is to equitably 

4 Docket No. 2016-0168, D&O 34592 at 52-53 
5 Id. at 53 
6 Docket No. 2016-0168, D&O 34592 at 68. 
7 See Revised Rate Structures for Schedules EV-F and EV-U, filed on September 5, 2017 Attachment 1 at 8-9. 

4 



  

 
 

  

 

  

   

    

 

 

    

   

     

    

    

     

  

    

  

  

   

     

  

                                                           
    

   

 

 

 

 

charge customers based on their actual electricity consumption, while aligning to a TOU 

structure that reflects system needs and incorporating additional pilot costs to alleviate some of 

the cost shift between participating EV customers and all ratepayers. 

I. Schedule EV-F Tariff 

A. Adoption and Status of Schedule EV-F 

Schedule EV-F was implemented as an economic development rate whereby “the 

absence of a demand charge and the inclusion of time-of-use rates serve to encourage the 

development of public EV charging facilities by keeping electricity costs low for new, start-up 

public EV charging facilities.”8 Public EV charging facilities, particularly direct-current fast 

charging (“DCFC”) facilities, are still in an early stage of development, and typically incur high 

upfront costs relative to prospective ongoing revenue.  

The difficult business prospects discussed above have limited the development of non-

utility fast charging facilities in the State, with the notable exception of the JUMPSmart Maui 

program (branded as the “EV Ohana” Program as of September 1, 2017), which was funded by 

the New Energy and Industrial Technology Development Organization (“NEDO”) of Japan. A 

recent study by the U.S. Department of Energy examining the level of EV charging infrastructure 

required to support the proliferation of EVs, offers an explanation for the low level of private 

investment in fast charging services in general, which may also explain the results seen in 

Hawai’i. The study notes the existence of a “utilization gap” at low levels of EV adoption, at 

which the need for an initial level of infrastructure is required to provide basic charging coverage 

but exceeds market demand. As EV adoption increases, market demand for charging services fill 

the “utilization gap” and eventually leads to the deployment of new infrastructure to meet 

8 Transmittal No. 12-05 at 23. 
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incremental demand.9 While EV adoption continues to increase in Hawai’i, overall ownership 

remains less than 1% of total passenger cars registered.10 Continued growth in EV ownership 

can improve market demand for EV charging and pave the way for increased participation by 

third-party developers.  Lowering costs for businesses to operate EV charging, such as providing 

relief from high demand billing charges through Schedule EV-F, helps support the development 

of charging resources as the nascent EV market continues to grow in Hawai’i. 

Table 1, below, provides a breakdown of the number of customer accounts billed for each 

month in 2017 on the Schedule EV-F pilot rate for all the three Companies. The data in this 

section of the Report is provided up to and after the rate changed implemented on December 12, 

2017 to reflect the change in TOU periods.  Aside from changes in customer counts, variance 

from month to month in total customers billed may also be attributed to the timing of EV-F 

meters being read at each Company. On O‘ahu, no customers were added to Schedule EV-F in 

2017, one customer remains on Hawai‘i Island, and nine customers remain on Maui. While 

participation in Schedule EV-F is currently low, this may be the result of a limited business case 

for private development of fast charging services in Hawai‘i rather than the rate design. During 

this stage of early EV adoption, many third-party developers and private businesses may not 

deploy charging services due to the cost of infrastructure.  As EV adoption continues to increase 

in the State, a more attractive business case for installing multiple Level 2 charging stations or a 

DCFC station may emerge and lead to increased adoption of Schedule EV-F. 

9 National Plug-In Electric Vehicle Infrastructure Analysis. U.S. Department of Energy. September 2017 at 4 
10 Statewide EV Ownership ranged from 0.51% in January, 2017 to 0.65% in December, 2017. Per DBEDT 
Datawarehouse: Available at http://dbedt.hawaii.gov/economic/datawarehouse/. 

6 



  

 
 

 
 

  
 

  
  

 
  

     
     

     
     
     
     
     

     
     

     
     

      
      

 
 

   

        

   

Table 1 
Schedule EV-F Customers Billed 

January-December 2017 

Month Hawaiian 
Electric 

Hawai‘i 
Electric 
Light 

Maui 
Electric Total 

January 0 1 8 9 
February 0 1 6 7 
March 0 1 9 10 
April 0 1 6 7 
May 0 2 9 11 
June 0 1 9 10 
July 0 1 7 8 

August 0 1 9 10 
September 0 1 8 9 

October 0 1 9 10 
November 0 1 9 10 

December 1-11 0 1 9 10 
December 12-31 0 0 4 4 

As reflected in Table 2, below, approximately 251 MWh were billed under Schedule 

EV-F in the year 2017. The larger consumption at Maui Electric is attributed to the EV Ohana 

program. 

7 



  

 
 

 
 

   
  

 

  
    

     
     

     
     
     
     
     

     
     

     
     

     
     

     
 
 

   

     

   

  

     

   

  

   

 

 

                                                           
  

Table 2 
Schedule EV-F kWh Billed 

January-December 2017 

Month Hawaiian 
Electric 

Hawai‘i 
Electric 
Light 

Maui 
Electric Total 

January 0 192 21,857 22,049 
February 0 116 16,657 16,773 

March 0 229 22,801 23,030 
April 0 245 19,453 19,698 
May 0 267 25,778 26,045 
June 0 11 23,445 23,456 
July 0 206 20,656 20,862 

August 0 300 21,795 22,095 
September 0 490 21,247 21,737 

October 0 487 19,654 20,141 
November 0 400 18,717 19,117 

December 1-11 0 318 13,960 14,278 
December 12-31 0 0 1,828 1,828 

TOTAL 0 3,261 247,848 251,109 

The average billed kWh per customer account is provided in Table 3, below.  On Maui, 

the EV Ohana program implemented four new rate plans for their DC fast charging sites on 

September 1, 2017 to adjust for the loss of NEDO funding which subsidized the charging costs 

for JUMPSmart Maui participants.11 While the average consumption per billed account at Maui 

Electric remains the highest among all three companies, the new rate plans under EV Ohana may 

have contributed to the drop in average consumption under Schedule EV-F at Maui Electric. The 

average consumption per Maui Electric account billed in the months of January through August 

2017 was 2,766 kWh, which dropped to 2,169 kWh (by 21.6%) in the months of September 

through December 2017. 

11Available at http://evohana.com/phase2-volunteer/ 

8 



  

 
 

 
  

  
 

  
  

 
 

 
 

     
     

     
     
     
     
     

     
     

     
     

     
     

 
     

 
 

 

   

  

   

   

  

 

   

     
                                                           

        

Table 3 
Schedule EV-F Average kWh Billed per Account 

January-December 2017 

Month Hawaiian 
Electric 

Hawai‘i 
Electric 
Light 

Maui 
Electric 

Company 
Average 

January 0 192 2,732 2,450 
February 0 116 2,776 2,396 
March 0 229 2,533 2,303 
April 0 245 3,242 2,814 
May 0 134 2,864 2,368 
June 0 11 2,605 2,346 
July 0 206 2,951 2,608 

August 0 300 2,422 2,210 
September 0 490 2,656 2,415 

October 0 487 2,184 2,014 
November 0 400 2,080 1,912 

December 1-11 0 318 1,551 1,428 
December 12-31 0 0 203 183 

ANNUAL 
AVERAGE 0 261 2,543 2,266 

The Companies designed rate Schedule EV-F such that “[w]hen monthly consumption 

exceeds around 5,000 kWh on a regular basis, the public EV charging facility may be considered 

large enough such that it no longer needs rate tariff support.”12 As EV ownership remains below 

1% of all passenger vehicles in Hawaii, Schedule EV-F is able to support the development of 

third-party EV charging facilities and significantly mitigate the risk of high demand charges 

coupled with low utilization for third party developers. The Companies will continue to monitor 

the utilization of the EV-F rate as the market matures and demand for EV charging grows. 

While additional data needs to be collected to determine any change in consumption as a 

result of the revised rate for Schedule EV-F, the Companies have found that utilization by time-

of-use period in the entirety of 2017 remains essentially unchanged from 2016. Tables 4a and 

4b, below, provides a breakdown of Schedule EV-F consumption in each TOU period for each 

12 Transmittal No. 12-05, filed October 26, 2012 at 22. 
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service territory in 2017. Throughout the Companies’ service territories for the year of 2017, 

17.7% of the energy was consumed during the tariff’s Priority-Peak, 68.0% during the Mid-Peak, 

and 14.3% during the Off-Peak. Currently, the Companies are aware of only one billed Schedule 

EV-F account, which extends a TOU fee to their EV driving customers. 

Table 4a 
Schedule EV-F Billed kWh Consumption by TOU Period 

January-December 11, 2017 

Territory Priority-
Peak Mid-Peak Off-Peak Total 

Hawaiian Electric 0 0 0 0 
Hawai‘i Electric Light 363 2,423 475 3,261 

Maui Electric 42,838 164,115 39,067 246,020 
TOTAL 43,201 166,538 39,542 249,281 

PERCENTAGE 17.3% 66.8% 15.9% 100.0% 

Table 4b 
Schedule EV-F Billed kWh Consumption by TOU Period 

December 12-December 31, 2017 

Territory On-Peak Mid-Day Off-Peak Total 
Hawaiian Electric 0 0 0 0 

Hawai‘i Electric Light 0 0 0 0 
Maui Electric 329 1,343 156 1,828 

TOTAL 329 1,343 156 1,828 
PERCENTAGE 18.0% 73.5% 8.5% 100.0% 

Charging Impact of Rate Change 

On December 12, 2017, the Companies implemented a new rate structure for Schedule 

EV-F which revised the TOU periods to align with “periods from TOU-RI, an outcome of 

Docket 2014-0192, which reflects system needs resulting from increased penetration of 

[distributed energy resources], especially during the Mid-Day period.”13 

13 See Revised Rate Structures for Schedules EV-F and EV-U, filed on September 5, 2017, Attachment 1 at 7. 

10 



  

 
 

  

  

   
   
   
   

  
 
    
    
   

 
  

     

  

 
  

   

   

    

 

Up until December 12, 2017, under the prior rate structure for Schedule EV-F, the 

following TOU periods applied: 

Priority-Peak 5:00 p.m.-9:00 p.m., Monday-Friday 
Mid-Peak 7:00 a.m.-5:00 p.m., Monday-Friday 

7:00 a.m.-9:00 p.m., Saturday-Sunday 
Off-Peak 9:00 p.m.-7:00 a.m., Daily 

As of December 12, 2017, Schedule EV-F was revised to reflect the following TOU periods: 

On-Peak 5:00 p.m.-10:00 p.m., Daily 
Mid-Day 9:00 a.m.-5:00 p.m., Daily 
Off-Peak 10:00 p.m.-9:00 a.m., Daily 

Due to the late date of implementing the new TOU periods in 2017, there is insufficient 

data to draw conclusions regarding changes in consumption for the 20 days after the rates were 

changed.  Such an analysis will be conducted for the next annual report. 

B. Summary of Cost and Revenue 

Table 5, below, presents a breakdown of the revenue generated each month from 

Schedule EV-F for the three Companies.  In 2017, $88,034.59 in revenue was generated from 

customers under the Schedule EV-F Pilot rate. 

11 



 

 
  

  

  
  

  

            
            

            
            
            
            
            

            
            

            
            

           
              

           

      

  

  

 

     

   

  

  

          

   

         

Table 5 
Schedule EV-F Revenues 
January-December 2017 

Month Hawaiian 
Electric 

Hawai‘i 
Electric 
Light 

Maui 
Electric Total 

January $ - $ 96.26 $ 7,325.62 $ 7,421.88 
February $ - $ 70.75 $ 5,678.12 $ 5,748.87 

March $ - $ 111.91 $ 7,823.52 $ 7,935.43 
April $ - $ 118.82 $ 6,870.19 $ 6,989.01 
May $ - $ 145.40 $ 9,058.73 $ 9,204.13 
June $ - $ 12.55 $ 8,311.02 $ 8,323.57 
July $ - $ 103.95 $ 7,539.87 $ 7,643.82 

August $ - $ 134.92 $ 7,709.18 $ 7,844.10 
September $ - $ 205.00 $ 7,121.18 $ 7,326.18 

October $ - $ 214.48 $ 6,670.90 $ 6,885.38 
November $ - $ 184.08 $ 6,750.76 $ 6,934.84 

December 1-11 $ - $ 153.91 $ 5,023.63 $ 5,177.54 
December 12-31 $ - $ - $ 599.84 $ 599.84 

TOTAL $ - $ 1,552.03 $ 86,482.56 $ 88,034.59 

Incremental costs to support Schedule EV-F, including cost to enroll and bill customers, 

are de minimis. The labor to support the participation of this rate is similar to other rates and 

participation is currently limited. 

C. Subsidization by non-participating customers 

Schedule EV-F is an economic development rate intended to reduce the financial risk for 

startup EV charging providers, which may otherwise be confronted with significant demand 

charges combined with low utilization. A report prepared by Idaho National Laboratory (“INL”) 

supports the need to provide an economic development rate for third-party EV charging 

facilities, stating that “[d]emand charges associated with 50 to 60-kW high power charging . . . 

can have a significant impact on a business’ monthly electric utility bill.”14 The Companies 

14 Idaho National Laboratory, “What is the Impact of Utility Demand Charges on a DCFC Host?” June 2015. 

12 



  

 
 

 

  

   

   

    

      

      

      

                                                           
            

                
 

               
            

        
          

          
      

             

      

maintain that Schedule EV-F can help to reduce initial cost barriers for prospective third-party 

infrastructure providers and incentivize greater investment in infrastructure. 

Table 6, below, summarizes the total monthly revenue generated from Schedule EV-F 

compared to the potential revenue generated if the charging facility were billed under each 

15, 16 Company’s respective Schedule J. As utilization of third-party facilities under Schedule EV-

F increases, the difference between revenues collected and the potential revenues collected under 

Schedule J will decline. The potential Schedule J revenue provided in Table 6 is calculated 

based on an assumed monthly billing demand of 47.5 kW.17 The total potential revenue under 

Schedule EV-J for the year 2017 was $36,880.87 above revenues from Schedule EV-F. 

15 General Service Demand rate applicable to general light and/or power loads that exceed 5,000 kWh per month or 
exceed 25 kW three times within a twelve month period but are less than 300 kW per month, and supplied through a 
single meter. 
16 In response to CA-IR-13, filed on October 14, 2016, the Companies provided an analysis of projected revenues 
under Schedule EV-F and Schedule EV-U compared to Schedule J, and committed to providing an updated analysis 
as revised EV forecasts are made available. The Companies have available a revised EV forecast for the island of 
Oahu, but do not yet have revised EV forecasts for Maui, Lanai, Molokai or Hawai`i Island. When revised EV 
forecasts for all islands in the Companies’ service territory are made available, the analysis conducted for CA-IR-13 
will be updated accordingly and included in the subsequent annual report. 
17 A typical EV will fast charge at power up to 50 kW, but will reduce power as the battery state of charge increases. 

13 



  

 
 

 
 

  
 

 
 

   
          
          

          
          
          
          
          

          
          

          
          

          
         

        
 

 
  

 

  

 

 

   

 

                                                           
          

Table 6 
Schedule EV-F to Potential Schedule J Revenue Comparison 

January-December 2017 

Month 
Total 

Schedule EV-F 
Potential 

Schedule J Difference 
January $ 7,421.88 $ 10,365.04 $ 2,943.16 
February $ 5,748.87 $ 8,068.57 $ 2,319.70 

March $ 7,935.43 $ 11,339.75 $ 3,404.32 
April $ 6,989.01 $ 9,040.66 $ 2,051.65 
May $ 9,204.13 $ 12,719.78 $ 3,515.65 
June $ 8,323.57 $ 11,324.00 $ 3,000.43 
July $ 7,643.82 $ 10,167.49 $ 2,523.67 

August $ 7,844.10 $ 11,337.60 $ 3,493.50 
September $ 7,326.18 $ 10,296.24 $ 2,970.06 

October $ 6,885.38 $ 10,424.80 $ 3,539.42 
November $ 6,934.84 $ 10,704.69 $ 3,769.85 

December 1-11 $ 5,177.54 $ 8,300.78 $ 3,123.24 
December 12-31 $ 599.84 $ 826.06 $ 226.22 

TOTAL $ 88,034.59 $ 124,915.46 $ 36,880.87 

D. Recommendation of revisions to rate structures 

On September 5, 2017, the Companies submitted a revised rate structure for Schedule 

EV-F, which was approved by the Commission on October 13, 2017. On December 12, 2017, 

the Companies implemented the revised rate structure for all accounts under Schedules EV-F. 

As the Companies are in the initial stages of gathering meter data under the revised rate 

structure, there are no recommendations for revisions at this time. However, as mentioned in 

their September 5, 2017 tariff filing for Schedules EV-F and EV-U, the Companies will continue 

to monitor both adoption and utilization under the current rate structures and provide 

recommendations, as appropriate.18 

18 Docket No. 2016-0168, EV-F and EV-U Pilot Extension, filed September 5, 2018, at 11. 
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II. Schedule EV-U Tariff 

A. Describe and Review the Adoption and Status of Schedule EV-U 

The Companies filed their request for the extension of Schedules EV-F and EV-U on 

June 27, 2016. Among the justifications to extend the pilot, the Companies discussed how 

potential site hosts had voiced concerns regarding the approaching termination date in June of 

2018, and were not comfortable initiating an agreement to host charging facilities for a short 

period of time, after which the continued availability of the charging infrastructure was 

uncertain. The Companies were also concerned with the prospect of expending ratepayer funds 

to deploy infrastructure that may not be available for customer use beyond June, 2018. As a 

result, Companies did not actively seek new potential sites following its agreement to own and 

operate a DCFC unit at 801 Dillingham Blvd., which was executed on October 12, 2016. Once 

the Commission issued D&O 34592 on June 5, 2017, approving the pilot extension for five 

years, the Companies resumed the search for additional sites and anticipate the commissioning of 

additional DC fast charging locations in 2018. 

Hawaiian Electric New Site Installation 

In 2017, Hawaiian Electric opened DC fast charging facilities at three locations, 

increasing the total number of Company-owned stations on O‘ahu from five to eight.: 

 A second DCFC station was opened at the Companies’ Ward Avenue location on January 
1, 2017. Prior to deployment of the second unit, the Companies noted that the Ward 
Avenue location represented the highest utilization among all of its existing locations in 
last year’s report. The Companies had observed, and confirmed with utilization data, that 
customers at the Ward Avenue location were often queueing for extended periods of time 
to utilize the charging station. 

 A DCFC station was opened at Waianae Shopping Center on January 11, 2017. The 
Waianae charging station is located 22 miles from the nearest fast charging station at 
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Kapolei Commons, helping to extend electric driving range along the leeward coast of 
O‘ahu. 

 A DCFC station was opened at a shopping center located at 801 Dillingham Blvd., in 
Honolulu, on April 13, 2017.  After the opening it was discovered that the station 
exhibited intermittent issues which interrupted or restricted charging sessions.  After 
extensive diagnostics, the vendor provided a new charge station at no cost to the 
Company, which was installed and re-opened on August 4, 2017. 

As stated in the jointly signed Transmittal No. 13-07, the “Companies will competitively 

bid for Schedule EV-U EV fast charging system[s].”19 The Companies have also initiated a 

process to analyze data for potential locations that may indicate higher levels of utilization. 

Once a potential site host expresses interest for a specific address, the Companies will utilize 

Geographic Information Systems (GIS) software to provide a more detailed analysis of these 

data points with respect to the site. This process will be discussed in further detail in this report. 

Hawai‘i Electric Light New Site Installation 

In March of 2017, Hawai‘i Electric Light opened a DCFC station at KTA Super Stores in 

Waimea. With the largest land area in the state, Hawai‘i Island will require significant charging 

infrastructure to extend electric driving range throughout the island and help alleviate “range 

anxiety.” The Waimea location is located between two major population centers on Hawai‘i, and 

can serve as a recharging point for EVs travelling between Hilo and Kailua-Kona, as well as 

serving the population in and around Waimea.20 In addition, Hawai‘i Electric Light has been in 

discussion with another site host along the Kohala coast to transfer an existing fast charger to the 

Companies’ fleet. David Bliss, founder and CEO of Charge Bliss and the owner of the charge 

station, has stated, “Charge Bliss Inc. began its foray into the energy marketplace with a plan to 

contribute to transportation electrification in Hawai‘i. Through its pilot DC fast EV charger 

19 Transmittal No. 13-07, filed June 3, 2013, at 14. 
20 Waimea KTA Super Stores is approximately 56 miles from the company-owned DC fast charging station in Hilo 
and 40 miles from the company-owned station in Kailua-Kona. 
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project at the Shops at Mauna Lani on the Island of Hawai‘i, Charge Bliss determined that 

charging system ownership and operation is best administered through Utilities, non-profits, or 

EV manufacturer networks.”21 The Companies assert the continued operations of this charge 

station and the deployment of additional fast charging services to provide a minimal backbone of 

charging infrastructure will be instrumental to extend driving range and support EV adoption on 

Hawai‘i Island. 

Maui Electric New Site Installation 

Maui Electric did not install additional charging infrastructure in 2017, however it has been 

engaged in various discussions regarding siting fast charging facilities on the islands of Moloka‘i 

and Lana‘i These efforts have been conducted in conjunction with various stakeholders in an 

attempt to leverage partnerships to address costs impacts. Such deployments, although serving a 

small community, show the Companies’ commitment and leadership in providing EV charging 

services across its service territory. 

On Moloka‘i, system reliability issues can be caused by excess energy generated from the 

continued installation of residential and commercial photovoltaics. EVs can potentially benefit 

all customers through additional load during solar peaks, and may also offer grid support 

services. With time of use pricing mechanisms embedded within the EV-F and EV-U rates, 

incremental EV charging during the middle of the day will help alleviate potential system-wide 

excess energy and promote utilizing renewable energy for transportation. The Moloka‘i DCFC 

is planned to be installed and operational by the end of the third Quarter of 2018. 

21 Personal communication between David Bliss and Hawaiian Electric’s Director of Transportation via email on 
March 13, 2018. 
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Combined Adoption 

The deployment of Company-owned and operated DCFC stations, each of which are 

operated under Schedule EV-U, throughout 2017 is summarized in Table 7, below. 

Table 7 
Total DC Fast Charger Under Schedule EV-U 

January-December 2017 

Month Hawaiian 
Electric 

Hawai‘i 
Electric 
Light 

Maui 
Electric 

January 7 2 1 
February 7 2 1 

March 7 3 1 
April 8 3 1 
May 8 3 1 
June 8 3 1 
July 8 3 1 

August 8 3 1 
September 8 3 1 

October 8 3 1 
November 8 3 1 
December 8 3 1 

Hawaiian Electric Adoption and Status 

Through December 2017, Company-owned DCFC stations on O‘ahu experienced 

increased utilization in aggregate. The addition of three additional stations in 2017, two of 

which are located in urban Honolulu, increased the fast charging capacity available to customers 

and significantly contributed to the large increase in utilization. While EV registrations 

increased by 31% between December 2016 and December 2017 on O‘ahu, total charging 

sessions at Company-owned O‘ahu stations increased by 110%. The Ward Avenue location 

continues to be the most heavily utilized charging location on O‘ahu, while the recently 

commissioned station at 801 Dillingham Blvd. was the second-most utilized location in 
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December. While the Companies will continue to utilize the pilot to help extend electric driving 

range for EV customers, locations that are anticipated to experience high utilization will also 

factor into the strategic deployment of fast charging stations. The total number of paid charging 

sessions and revenue earned for each DCFC station owned and operated by Hawaiian Electric is 

shown in Figures 1 through 8, below. 

Figure 1 
Monthly Charge Sessions, TOU Periods, and Gross Revenue 

Dole Plantation 
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Figure 2 
Monthly Charge Sessions, TOU Periods, and Gross Revenue 

Ko‘olau Center 

. 
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Figure 3 
Monthly Charge Sessions, TOU Periods, and Gross Revenue 

Kapolei Commons22 

Figure 4 
Monthly Charge Sessions, TOU Periods, and Gross Revenue 

Hawai`i Kai 7-Eleven 

22 The overall utilization patterns for Kapolei Commons did not significantly decrease in 2017, in spite of various 
nearby level 2 charging options (including a free charger). 
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Figure 5 
Monthly Charge Sessions, TOU Periods, and Gross Revenue 

Hawaiian Electric Main Office, “Ward 1” 

Figure 6 
Monthly Charge Sessions, TOU Periods, and Gross Revenue 

Hawaiian Electric Main Office, “Ward 2” 
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Figure 7 
Monthly Charge Sessions, TOU Periods, and Gross Revenue 

Waianae Mall 

Figure 8 
Monthly Charge Sessions, TOU Periods, and Gross Revenue 

801 Dillingham 
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Hawai‘i Electric Light Adoption and Status 

Through December 2017, Company-owned DCFC stations on Hawai‘i Island 

experienced increased utilization in aggregate.  While EV registrations increased by 45% from 

December 2016 to December 2017 on Hawai‘i Island, total charging sessions increased by over 

400%.  The 2017 addition of the location in Waimea increased the fast charging capacity 

available to customers and provided an additional charging location between the two population 

centers of Hilo and Kailua-Kona.  As the largest island in the State, the Companies expect 

increased electric driving range to be a key strategic driver to new fast charger deployment on 

Hawai‘i Island.  In a recent survey conducted by the Companies, included as attachment A, 

respondents in Hawai‘i County identify increased battery range and additional public charging 

locations as more likely to influence their decision to purchase an EV compared to respondents 

in Honolulu and Maui Counties.  The total number of charging sessions and revenue earned for 

each DCFC station owned and operated by Hawai‘i Electric Light is displayed in Figures 9 

through 11, below. 
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Figure 9 
Monthly Charge Sessions, TOU Periods, and Gross Revenue 

Hawai‘i Electric Light Hilo Office 

Figure 10 
Monthly Charge Sessions, TOU Periods, and Gross Revenue 

Hawai‘i Electric Light Kona Office 
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Figure 11 
Monthly Charge Sessions, TOU Periods, and Gross Revenue 

Waimea KTA 

Maui Electric Adoption and Status 

The Maui Electric DCFC station, located at the Maui Electric main office in Kahului, was 

in and out of service in the first half of 2017, and has been out of service since July 6, 2017. 

Negotiations are being completed with the vendor to provide a replacement station, which is 

anticipated to be installed in 2018. As discussed in previous reports, the EV Ohana program 

(previously “JUMPSmart Maui”) provides DC fast charging membership plans for 13 locations 

throughout Maui for $15-$50 per month depending on the plan chosen by the member, which is 

more cost competitive in comparison to Schedule EV-U.  One of these locations is 

approximately one-half mile from the Maui Electric main office and offers four fast charging 

stalls. As the Companies consider new deployments in Maui County, the existence of charging 

alternatives will be considered. While a significant network of DCFC stations operated by EV 

Ohana have been established on Maui Island, all facilities offer only the CHAdeMO standard, 

which is not applicable to certain EV models.  The deployment of Schedule EV-U facilities on 
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Maui Island may support EV adoption and increase electric driving range for EVs operating 

under the Combined Charging System (“CCS”) standard. As of this report, there remains no fast 

charging service and overall no public charging options on both Lana‘i and Moloka‘i. The 

deployment of charging services on these islands may help support additional EV adoption for 

these communities, and can be leveraged to integrate increasing levels of renewable energy by 

adding additional load to these small island grids during the middle of the day when excess solar 

energy exported to the grid is at its highest. If the additional load from the charging EVs were to 

be sustained during the mid-day solar peak, e.g., the EV charging stations were regularly in use 

during daylight hours, this could help balance system load and generation and enable more 

renewable energy systems to connect to the grid and produce electricity while maintaining 

system security and reliability. Figure 12, below, depicts the total number of charging sessions 

and revenue earned at the Maui Electric Kahului location in 2017. 

Figure 12 
Monthly Charge Sessions, TOU Periods, and Gross Revenue 

Maui Electric Kahului Office 

27 



  

 
 

  

 

   

 

 

 

   

   

  

  

  

  

 

Aggregate Utilization Details 

Through December 2017, Company-owned DCFC stations on O‘ahu experienced 

increased utilization in aggregate. While EV registrations increased by 30% between December 

2016 and December 2017 in the Companies’ service territories, total charge sessions at 

Company-owned stations increased by 183%.  The Companies also note that Company-owned 

charge stations continue to receive patronage despite the availability of lower-cost or free 

charging alternatives, as exemplified by the charge station at Kapolei Commons which is in the 

same retail shopping center as free Level 2 EV charging stations.  The Companies acknowledge 

the value in increased utilization at its EV charging stations, but also recognize the value in 

providing a broad network of charging locations to EV customers, including locations in remote 

areas that increase electric driving range but may experience the lower levels of utilization. As 

will be discussed below, both utilization and range extension are important components of the 

Companies’ EV charging deployment strategy to provide a backbone of charging infrastructure. 

Table 8, below, provides details of monthly charging sessions for each service territory.  All data 

reflects paid sessions and does not include any sessions used for testing or Company purposes.  
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Table 8 
Schedule EV-U Aggregate Charging Detail 

January-December 2017 

Month 
Hawaiian 
Electric 

Hawai‘i 
Electric Light Maui Electric Total 

Sessions kWh Sessions kWh Sessions kWh Sessions kWh 
January 520 10,614 37 482 0 0 557 11,096 
February 540 10,816 45 521 0 0 585 11,337 
March 716 14,298 75 871 1 1 792 15,170 
April 741 14,723 78 969 0 0 819 15,692 
May 898 17,211 53 852 0 0 951 18,063 
June 824 18,581 74 949 6 223 904 19,754 
July 842 17,667 74 1,073 0 0 916 18,739 

August 870 20,382 95 1,416 0 0 965 21,797 
September 891 20,628 103 1,716 0 0 994 22,344 

October 921 21,926 195 4,667 0 0 1,116 26,593 
November 887 20,339 162 3,989 0 0 1,049 24,329 

December 1-11 304 7383 49 1347 0 0 353 8,730 
December 12-31 644 11445 78 1480 0 0 722 12,924 

TOTAL 9,598 206,012 1,118 20,332 7 224 10,723 226,569 

Figure 13, below, illustrates the combined usage and gross revenues of the twelve 

charging stations for each month in 2017, and the first two months of 2018. 
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Figure 13 
Monthly Charge Sessions 

All Sites 
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Tables 9 and 10, below, provide the breakdown of charging sessions by TOU period for 

each service territory in 2017.23 Table 9 provides kWh consumption for each TOU period while 

Table 10 provides sessions per TOU period.  The TOU period of a charge session is based upon 

its start time.  

Table 9 
Schedule EV-U kWh Consumption by TOU Period 

January-December 2017 

Period Territory 
Priority-

Peak Mid-Peak Off-Peak Total 
Jan 1 

-
Dec 11 

O‘ahu 32,524 121,600 40,444 194,568 
Hawai‘i 2,801 12,399 3,652 18,852 

Maui 0 125 99 224 
On-Peak Mid-Day Off-Peak Total 

Dec 12 
-

Dec 31 

O‘ahu 2,682 6,434 2,328 11,445 
Hawai‘i 110 1,057 312 1,480 

Maui 0 0 0 0 
TOTAL 38,118 141,616 46,835 226,569 

% TOTAL 16.8% 62.5% 20.7% 100.0% 

23 Prior to December 12, Schedule EV-U TOU periods were: Priority-Peak (5:00 p.m.-9:00 p.m., Monday-Friday); 
Mid-Peak (7:00 a.m.-5:00 p.m., Monday-Friday, 7:00 a.m.-9:00 p.m., Saturday-Sunday); Off-Peak (9:00 p.m.-7:00 
a.m., daily). Schedule EV-U TOU periods on and after December 12 are: On-Peak (5:00 p.m.-10:00 p.m., daily); 
Mid-Day (9:00 a.m.-5:00 p.m., daily); Off-Peak (10:00 p.m.-9:00 a.m.). 
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Table 10 
Schedule EV-U Charge Sessions by TOU Period 

January-December 2017 

Period Territory 
Priority-

Peak Mid-Peak Off-Peak Total 
Jan 1 

-
Dec 11 

O‘ahu 1,463 5,751 1,740 8,954 
Hawai‘i 148 740 152 1,040 

Maui 0 5 2 7 
On-Peak Mid-Day Off-Peak Total 

Dec 12 
-

Dec 31 

O‘ahu 153 353 138 644 
Hawai‘i 8 61 9 78 

Maui 0 0 0 0 

TOTAL 1,772 6,910 2,041 10,723 
% TOTAL 16.5% 64.4% 19.0% 100.0% 

Figure 14, below, depicts the aggregated charge sessions for all Companies in each TOU 

period, by month. 

Figure 14 
Monthly Charge Sessions, TOU Periods 

All Sites 
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Figure 15, below, shows the variance in total charging sessions by each day of the week. 

Figure 15 
Charge Session by Day of Week 

All Sites, 2017 
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Figure 16, below, provides the number of charge sessions by connection time for all 

sessions in 2017.24 

Figure 16 
Charge Session by Average Charge Time25 

All Sites, 2017 

Charging Impact of Rate Change 

On December 12, 2017, a revised rate structure was implemented for Schedule EV-U. 

The revised rate is based on electricity consumption, incorporates a TOU structure that 

incentivizes daytime consumption, and includes incremental costs for network fees, non-labor 

O&M and customer surcharges.26 The intent of the revised rate structure is to provide a pricing 

structure that equitably charges customers based on their actual electricity consumption, 

24 There were five recorded charge sessions over 180 minutes. This data is assumed to be in error due to data 
communication issues and were not used for this calculation. 
25 Connection time is represented in 5-minute bins, starting from 0-5 minutes. 
26 See Revised Rate Structures for Schedules EV-F and EV-U, filed on September 5, 2017 at 8-9. 
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facilitates potentially quicker charge sessions, while aligning to a TOU structure that reflects 

system needs and incorporating additional pilot costs to alleviate some of the cost shift between 

participating EV customers and all ratepayers. 

Primarily a result of the transition from a flat fee structure to a price per kWh consumed, 

the revised rate structure for Schedule EV-U typically results in decreased costs for customers 

that consume less electricity per session and increased costs for customers that consume more 

electricity per session. In its Revised Rate Structure filing, the Companies note the discrepancy 

between “long-range” EV consumption compared to “conventional” EV consumption, where 

“‘long range’ EV drivers consumed an average of 48.2 kWh while ‘conventional’ EV drivers 

consumed an average of only 11.2 kWh in 2016” under the previous rate structure for Schedule 

EV-U.27 To make this comparison, the Companies assume that any charging session that 

consumes less than 20 kWh to be attributed to “conventional” EVs and any session above 20 

kWh to be attributed to “long-range” EVs. As the revised rate structure no longer financially 

incentivizes longer charging per session, and new EV models offer a variety of driving ranges 

and battery capacities, the Companies will continue to analyze customer behavior based on total 

consumption but will not speculate which sessions can be attributed to “conventional” or “long-

range” EVs. 

While the transactional data that is available after the revised rate was implemented is 

limited, in this section, the Companies compare consumption data at all Company-owned DC 

fast charging stations for 50 days before the rate change and 50 days after the rate change. While 

more data will be required to refine and better understand customers’ behavioral response to the 

revised rate, this provides an early indication of the rate revision impact. 

27 Id. at 12 

35 



  

 
 

 
 

 
   

   

 

     

    

    

 
  

  
   

 
 
 

 
 

   

 

   

   

 

Total Charge Sessions 

In Figure 17, below, the Companies note a net increase in total charge sessions of 13% in 

the 50 days after the rate change. This increase was largely driven by charging sessions that 

consumed less than 20 kWh, which increased by 41%, while charging sessions that consumed 

more than 20 kWh decreased by 30%. This finding is consistent with the Companies’ position to 

change from a flat fee structure to a price per kWh consumed, which no longer provides a 

financial advantage for longer charging sessions. If this trend continues, the revised rate 

structure is likely to increase charger availability for all customers. 

Figure 17 
Comparison Total Sessions 

All Sites, October 22 – January 31, 2018 

Duration per Charge Session 

In Figure 18, below, the Companies find that the total duration per average charging 

session decreased by 24% across all charging sessions in the 50 days following the rate change. 

The drop in charge session duration is most notable among sessions consuming more than 20 

kWh per session. 
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Figure 18 
Comparison Average Duration per Session 

All Sites, December 12, 2017 – January 31, 2018 

Consumption per Charge Session 

Figure 19, below, compares electricity consumption per session before and after the rate 

change. Closely aligned to duration, the Companies find that average consumption per charging 

session decreased by 27% in the 50 days following the rate change, with the largest decrease 

among the customers who consume the most electricity per session. 

Figure 19 
Comparison Average kWh Consumption per Session 

All Sites, December 12, 2017 – January 31, 2018 
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Net Revenue 

Figures 20 and 21, below, show a significant increase in both average revenue generated 

by each charge session and total revenue collected across all Company-owned charge stations. 

Average revenue per session increased by 38%, while total revenue increased by 57% in the 50 

days following the rate change. This finding suggests that the revised rate structures succeed in 

allocating more pilot costs to participating EV customers and alleviating some of the costs borne 

by nonparticipating customers. 

Figure 20 
Comparison Average Net Revenue per Session 

All Sites, December 12, 2017 – January 31, 2018 
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Figure 21 
Comparison Total Net Revenue 

All Sites, December 12, 2017 – January 31, 2018 

Charge Sessions by Time-of-use Period 

The revised rate for Schedule EV-U lowers the relative cost to charge an EV during the 

Mid-Day period when compared to the prior flat fee structure. The Off-Peak period is the 

second-most expensive time to charge an EV, while the On-Peak period remains the highest cost 

period. The TOU periods adopted under the revised rate also reduces the total hours per week 

attributed to the Mid-Day period and increase the hours assigned to the Off-Peak and On-Peak 

(formerly “Priority-Peak”) periods when compared to the previous Schedule EV-U tariff.28 

Figure 22, below, indicates very little movement in charge sessions by TOU period for the Mid-

Day and Off-Peak periods, but does indicate an increase in charge sessions during the On-Peak 

period of 64%. This may largely be influenced by the expansion of the On-Peak period in the 

revised rates by one hour, now ending at 10:00 PM, and also the inclusion of weekends. The 

28 Total hours per week assigned to the Mid-Day period decrease by 22 hours, while hours assigned to the On-Peak 
and Off-Peak periods increase by 15 and 7 hours, respectively. 
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slight increase in charge sessions during the Mid-Day is also notable, given the significant 

reduction (28%) in total hours assigned to that period. 

Figure 22 
Charge Sessions by TOU Period 

All Sites, December 12, 2017 – January 31, 2018 

Total Consumption by Time-of-Use Period 

Figure 23, below, depicts the change in consumption by TOU period in the 50 days 

following the rate change. As noted, above, the modified assignment of hours to each TOU 

period under the revised rate is a significant factor in both the drop in consumption during the 

Mid-Day period and the increase during the On-Peak period. The Companies will continue to 

monitor utilization data to determine the behavioral response to the revised rate for Schedule 

EV-U. 
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Figure 23 
Total Consumption by TOU Period 

All Sites, December 12, 2017 – January 31, 2018 

Hawaiian Electric’s Demonstration Projects and Data Analytics 

The Companies requested approval of Schedule EV-U, in part, to enable opportunities “to 

conduct research, development, and demonstration activities to … address load control and other 

technologies, and collect data for analyses.”1 In its demonstration project at Kapolei Commons, 

Hawaiian Electric installed a DC fast charging system with an integrated 12 kWh battery energy 

storage system (“BESS”). The system is configured to draw up to 23 kW from the grid, while 

the BESS provides the incremental power to charge an EV at up to 50 kW. The BESS has 

enough storage capacity to sequentially charge up to three Nissan Leafs. 

This charge station was opened to the public at the end of 2015. While several issues 

were discovered in the following year, most were minor and did not result in significant 

unavailability. However, longer-range EVs with large batteries were often able to deplete the 

usable storage in the DCFC system during a single charge session resulting in a terminated 

charge session before the battery was fully recharged. The vendor’s engineers implemented a 

software fix in early 2017 and the charge station has since remained in operation with few issues. 
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This research and demonstration is now being conducted in conjunction with the Electric 

Power Research Institute (“EPRI”). The research objective is to determine viability of this 

system to alleviate customer billing demand charges and potential utility system upgrades. EPRI 

has published an interim report of initial findings (reference Attachment B). Hawaiian Electric 

and EPRI will continue to collect and analyze data for a final EPRI report target for draft by the 

end of this year. 

Hawaiian Electric, Greenlots, and EPRI are also developing demand response (“DR”) 

capability on a DCFC fast charging station at the Ward avenue location. This technology will 

allow the utility to initiate a curtailment event restricting the maximum power output of a 

CHAdeMO DC fast charging session from 50 kW to 25 kW. This project defines four use cases 

to demonstrate this capability. In 2017, the project team demonstrated most of the baseline use 

case as well as parts of the other three use cases. While some of the basic curtailment function 

has been demonstrated, more development is required to complete the demonstration of all use 

cases. 

B. Summary of Costs and Revenue 

The Companies strive to minimize operations and maintenance (“O&M”) expense of DC 

fast charging stations under Schedule EV-U, while also ensuring reliable service for EV 

customers. 29 In D&O 34592, the Commission ordered the Companies to provide “a discussion 

of how and to what extent the costs for each DCFC facility have been and/or are proposed to be 

29 Under agreement with its equipment providers, periodic inspection and maintenance of the DC fast charging 
stations is performed. Hawaiian Electric keeps an inventory of spare parts such as extra CHAdeMO and CCS 
plugsets and fuses which facilitates timely resolution of operational issues. Twice in 2017, trouble-shooting and 
replacement of the fuses were quickly carried out by Company resources using parts stocked on island. 
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recovered from ratepayers.”30 The recovery of capital and O&M costs for company-owned and 

operated DCFC stations are discussed, below. 

Capital Costs 

31 32 Hawaiian Electric, from its 2017 test year rate case, and Hawai‘i Electric Light, from 

its 2016 test year rate case, currently recover the costs for EV charging plant additions, net of 

any applicable contributions in aid of construction (“CIAC”), through their base electric rates.  

Maui Electric currently recovers the costs for EV charging plant additions, net of any applicable 

CIAC, through its revenue adjustment mechanism (“RAM”). When rates from its currently 

ongoing 2018 test year rate case 33 become effective Maui Electric anticipates recovery of prior 

year capital costs as well as costs for 2018 EV charging plant additions, net of any applicable 

CIAC, through its 2018 base electric rates. 

O&M Expenses 

For each of the Companies, the costs for internal labor for the EV pilot program are 

generally recovered through existing base electric rates.  Hawaiian Electric, in its 2017 test year 

rate case, and Hawai‘i Electric Light, in its 2016 test year rate case, included in test year revenue 

34 35 requirements EV charging O&M non-labor expenses of $34,278 and $20,748, respectively.  

30 Docket 2016-0168, D&O 34592 at 68 
31 In Docket No. 2016-0328, Hawaiian Electric’s 2017 test year rate case, Hawaiian Electric included in test year 
estimates for 2016 and 2017 plant additions $641,312 and $94,436, respectively, for a total of $735,478 for DC Fast 
Charging Infrastructure projects. See Docket No. 2016-0328, HECO-WP-1625, page 1, projects P0003286-
P0003293. 
32 In Docket No. 2015-0170, Hawaii Electric Light’s 2016 test year rate case, Hawaii Electric Light included in test 
year estimates for 2016 plant additions $721,637 for EV charging facilities. See Docket No. 2015-0170, CA-IR-
224, Attachment 1, page 2, projects H0002972, H0003218, and H0003219. 
33 In Docket No. 2017-0150, Maui Electric’s 2018 test year rate case, Maui Electric included in test year estimates 
for 2018 plant additions $150,454 for EV Charger #2. See Docket No. 2017-0150, MECO-WP-1908B, page 2, line 
39, and CA-IR-83 (Supplement 3/2/2018), Attachment 2, page 3, line 36. 
34 See Docket No. 2016-0328, Parties’ Stipulated Settlement Letter filed November 15, 2017, Exhibit 1, at 57. 
35 See Docket No. 2015-0170, HELCO-WP-1002, page 2, line 33. 
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Maui Electric does not currently recover the relatively small amount of incremental non-labor 

O&M expenses for its EV charging station.    

The Companies anticipate the recovery of future capital costs and O&M expenses, to the 

extent over and above existing recoveries, will be through either future rate cases or their 

respective RAMs, as appropriate. The Companies are also in discussions to potentially partner 

with third parties in the deployment of charging infrastructure, which could reduce overall pilot 

costs. As those partnerships are executed, the Companies will provide analysis and commentary 

regarding the cost-impact to customers. 

Tables 12 and 13, below, provide overall program costs and revenues related to Schedule 

EV-U.  Table 12 reflects costs and revenues incurred during 2017, and Table 13 reflects costs 

and revenues for the pilot from inception through December 2017. Included in the table are 

Capital costs (for purchase of equipment and labor for design and installation of the project site), 

O&M labor (for project management and research), O&M non-labor (for operations and 

maintenance), and other costs (for revenue and reimbursements,) for each company. 

Other costs also reflect overall pilot adjustments due to reporting the expense of electric 

service. Stated in Transmittal No. 13-07, “[a] project accounting framework will be set up and 

key departments will create workorders to track expenses and capital expenditures associated 

with tariff implementation.”36 As such, the Companies are tracking operating expenses including 

the cost of electric service, which are metered, calculated, and subsequently tracked by 

workorders for each charging facility.  Since the Companies cannot report revenue of electric 

sales to itself, the Companies are required to reverse these costs.  The reversal of costs for 

electric sales are included as “Reverse energy charge” in Tables 12 and 13. 

36 Transmittal No. 13-07 at 20. 
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Table 12 
Program Costs 

January – December 2017 

Hawaiian 
Electric 

Hawaii 
Electric 
Light 

Maui 
Electric Totals 

Revenue $ (64,053) $ (8,610) 
$              

(41) 
$      

(72,703) 

Expenses 
Energy charge 
Reverse energy charge 
O&M 

Labor 
Non-labor 

$ 
$ 

$ 
$ 

63,265 
(63,265) 

227,782 
52,545 

$ 
$ 

$ 
$ 

10,118 
(10,118) 

2,139 
1,164 

$ 
$ 

$ 
$ 

2,322 
(2,322) 

11,748 
372 

$ 
$ 

$ 
$ 

75,705 
(75,705) 

241,669 
54,080 

Total Expenses $ 280,327 $ 3,303 $ 12,120 $ 295,749 

Capital costs, net of CIAC $ 110,608 $ - $ - $ 110,608 
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Table 13 
Program Costs 

Pilot Inception Through December 2017 

Revenue 

Hawaiian 
Electric 

$ (88,415) 

Hawaii 
Electric 
Light 

$ (9,960) 

Maui 
Electric 

$ (125) $ 
Totals 

(98,500) 

Expenses 
Energy charge 
Reverse energy charge 
O&M 

Labor 
Non-labor 

$ 80,090 
$ (80,090) 

$ 481,938 
$ 84,291 

$ 11,664 
$ (11,664) 

$ 3,893 
$ 1,707 

$ 8,559 
$ (8,559) 

$ 113,970 
$ 10,002 

$ 
$ 

$ 
$ 

100,313 
(100,313) 

599,800 
63,832 

Total Expenses $ 566,229 $ 5,600 $ 123,972 $ 663,632 

Capital costs, net of CIAC $ 1,174,738 $ 721,637 $ 86,776 $ 1,983,151 

Table 14, below, details expenses related to Schedule EV-U for each site in service as of 

December 31, 2017. The capital cost of the Kapolei site was offset by funds through the joint 

EPRI project. In Table 14, costs for sites not yet in service, as well as project administration, 

energy reversals, and overall research are aggregated as “Other” costs. Therefore, Table 14 

reflects energy costs as an O&M expense to each operating site. 
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Table 14 
Costs Per Available Site 

Pilot Inception Through December 2017 

Territory Site Cost Element Cost 

O'ahu 

Kapolei Commons 

Capital $ 218,687 
O&M $ 47,118 
CIAC $ (163,486) 
Revenue $ (8,414) 
TOTAL $ 93,905 

Dole Plantation 

Capital $ 128,094 
O&M $ 29,983 
Revenue $ (7,483) 
TOTAL $ 150,594 

Ko`olau Center 

Capital $ 178,329 
O&M $ 31,316 
Revenue $ (8,043) 
TOTAL $ 201,602 

Hawaii Kai 
7-Eleven 

Capital $ 164,967 
O&M $ 40,452 
Revenue $ (10,356) 
TOTAL $ 195,062 

Hawaiian Electric 
Ward Ave #1 

Capital $ 163,312 
O&M $ 67,082 
Revenue $ (30,647) 
TOTAL $ 199,747 

Hawaiian Electric 
Ward Ave #2 

Capital $ 143,667 
O&M $ 39,300 
Revenue $ (18,137) 
TOTAL $ 164,829 

Waianae Shopping 
Mall 

Capital $ 159,841 
O&M $ 9,656 
Revenue $ (1,222) 
TOTAL $ 168,275 

801 Dillingham 

Capital $ 181,328 
O&M $ 11,012 
Revenue $ (4,114) 
TOTAL $ 188,227 

Other 

Capital $ -
O&M $ 370,401 
Rev Energy Charge $ (88,415) 
TOTAL $ 281,985 
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Hawai'i 

Hawaii Electric 
Light 
Hilo 

Capital $ 261,437 
O&M $ 6,744 
Revenue $ (3,894) 
TOTAL $ 264,287 

Hawaii Electric 
Light 
Kona 

Capital $ 266,666 
O&M $ 6,830 
Revenue $ (3,777) 
TOTAL $ 269,719 

Waimea KTA 

Capital $ 193,534 
O&M $ 3,690 
Revenue $ (2,289) 
TOTAL $ 194,935 

Other 

Capital $ -
O&M $ -
Rev Energy Charge $ (11,664) 
TOTAL $ (11,664) 

Maui 

Maui Electric 
Kahului 

Capital $ 86,776 
O&M $ 45,357 
Revenue $ (125) 
TOTAL $ 132,008 

Other 

Capital $ -
O&M $ 87,173 
Rev Energy Charge $ (8,559) 
TOTAL $ 78,615 

Table 15, below, provides charging fees billed for Schedule EV-U between January 1 and 

December 31, 2017.  Due to lags in processing transactions, some of these revenues are reported 

by the charging network, but may not yet be remitted to the Companies. 
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Table 15 
Schedule EV-U Charging Fees 

January-December 2017 

Month Hawaiian 
Electric 

Hawai‘i 
Electric 
Light 

Maui 
Electric 

January $3,355.00 $279.00 $-
February $3,486.50 $338.00 $-
March $4,652.00 $562.50 $7.00 
April $4,819.00 $587.00 $-
May $5,827.50 $402.00 $-
June $5,338.50 $554.50 $41.00 
July $5,451.00 $558.50 $-

August $5,635.50 $713.00 $-
September $5,781.00 $775.00 $-

October $5,983.50 $1,455.00 $-
November $5,754.47 $1,209.00 $-
December $7,967.84 $1,152.97 $-
TOTAL $64,051.81 $8,586.47 $48.00 

C. Identify and Describe the Level and Extent of Subsidization by Non-Participating 
Ratepayers 

The Companies maintain that a key criterion in developing EV rates and programs is to 

encourage the adoption of EVs by customers.  Because the EV market is still nascent in Hawai‘i 

and EV proliferation is regarded as a State policy goal, it is prudent to provide rate support for 

the development of public EV charging infrastructure.  As stated herein, the Companies contend 

that EV customers using Company chargers should not necessarily be characterized as 

benefitting from a subsidy per se, but viewed within the context of the customer’s entire load 

increased by EV charging, an increment that would not otherwise exist on the system.  

To the extent that the provision of the EV tariffs incentivize or enable customers to 

purchase or lease a new EV, the subsidization of the EV charging should not be viewed in 

isolation, but as part of package of incentives to adopt clean transportation as a technology that is 

still in the nascent stages. Therefore, Schedule EV-F and EV-U rates that support this 
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incremental load should not completely be considered to be subsidized by other ratepayers.  

Further, the revenues collected by the incremental discretionary load of EV charging would not 

contribute to overall Company profits, but instead would constitute contributions to fixed costs 

and support the State’s transition to cleaner transportation. 

That said, the difference between revenues collected is provided in Table 16, below, 

summarizing the total monthly revenue generated from Schedule EV-U compared to the 

potential revenue generated if the charging facility were billed under each Companies’ respective 

Schedule J, representing potential revenue that may have been generated if similar fast charging 

services were provided by a private commercial entity.37 As previously discussed, the revised 

rate structure coincides with an increase in average revenue per charge session under Schedule 

EV-U in the 50 days following implementation. The impact of this increase in average revenue 

can also be found in the December comparison, where the difference between Schedule EV-U 

and potential Schedule J revenue drops significantly. The potential Schedule J revenues were 

based upon the reported monthly kWh energy provided to charge EVs under Schedule EV-U and 

47.5 kW billing demand.  Months in which existing charging stations had no usage are reflected 

with the minimum charge for Schedule J. 

37 In response to CA-IR-13, filed on October 14, 2016, the Companies provide an analysis of projected revenues 
under Schedule EV-F and Schedule EV-U compared to Schedule J, and commit to providing an updated analysis as 
revised EV forecasts are made available. The Companies have available a revised EV forecast for the island of 
O‘ahu, but do not yet have revised EV forecasts for Maui, Lana‘i, Moloka‘i or Hawai`i Island. When revised EV 
forecasts for all islands in the Companies’ service territory are made available, the analysis conducted for CA-IR-13 
will be updated accordingly and included in the subsequent annual report. 
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Table 16 
Schedule EV-U to Potential Schedule J Revenue Comparison 

January-December 2017 

Month 
Total EV-U 
Revenues 

Potential 
Schedule J 
Revenue Difference 

January $3,634.00 $9,461.47 $5,827.47 
February $3,824.50 $9,855.84 $6,031.34 
March $5,221.50 $10,061.38 $4,839.88 
April $5,406.00 $12,217.79 $6,811.79 
May $6,229.50 $11,694.53 $5,465.03 
June $5,934.00 $12,426.68 $6,492.68 
July $6,009.50 $12,333.15 $6,323.65 

August $6,348.50 $12,299.57 $5,951.07 
September $6,556.00 $12,715.39 $6,159.39 

October $7,438.50 $13,579.57 $6,141.07 
November $6,963.47 $13,835.22 $6,871.75 
December $9,120.82 $12,379.47 $3,258.65 
TOTAL $72,686.29 $142,860.06 $70,173.77 

D. Data Collection 

In its D&O 34592, the Commission provides guidance to the Companies that the DC fast 

charging pilot is an opportunity to collect data and feedback from customers to support the 

development of EV charging services.38 Specifically, the Commission recommends that the 

Companies collect data and identify potential grid services that may be derived from pilot 

infrastructure deployment and that any data collection systems should support demand response 

initiatives.39 Furthermore, the Commission notes that the Companies should work with Network 

Providers to improve data collection capabilities and enhance customer experience, and should 

consider the recommendations made by both the Consumer Advocate and Department of 

Business, Economic Development & Tourism (“DBEDT”) in Docket 2016-0168. 

38 D&O 34592 at 61-62. 
39 Id. at 62-63. 
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In its statement of position, the Consumer Advocate discusses the role of data collection 

as a tool to better understand the grid services that may be derived from fast charging 

resources. 40 The Consumer Advocate also recommends developing an “EV DCFC station 

infrastructure deployment plan that links the number of stations deployed to current EV adoption 

trends, current DCFC station utilization, and localized factors affecting potential demand,”41 and 

that the Companies consider “demographic data, transportation patterns, geographic density and 

distribution, and the availability of other charging alternatives” to analyze the prospective 

utilization at potential sites.42 

In its statement of position, DBEDT recommends that pilot EV charging infrastructure be 

sited in locations that support the integration of renewable energy, citing this is a key role for 

electric utilities in the EV market.43 DBEDT also suggests that the Companies conduct customer 

44 45 surveys and collect data to identify underserved markets and develop “robust data sets 

specific to Hawaii.”46 

In response to the guidance provided by the Commission, the Consumer Advocate and 

DBEDT, the Companies have undertaken several initiatives to enhance data collection and usage 

with respect to the pilot. An EV survey was implemented in 2017 to identify customer insights 

that can improve existing EV charging pilots and programs. The Companies also utilize the 

survey to measure the willingness of DCFC customers to provide demand response services, and 

are investigating new technologies that can leverage charging locations to provide grid support 

services. Finally, the Companies have initiated a process to examine potential indicators or 

40 CA SOP, at 15-16. 
41 Id. at 17. 
42 Id. at 11. 
43 DBEDT SOP, at 3. 
44 Id. at 9-10. 
45 Id. at 3-4. 
46 Id. at 11. 
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higher utilization for EV charging services, and incorporate those indicators into its existing 

deployment strategy. 

EV Survey 

In D&O 34592, the Commission notes that data collection should be used to assess the 

achievement of pilot objectives and identify “areas for improvement.”47 The Companies began a 

survey effort in 2017 to determine demographic and behavioral dispositions of Hawai‘i residents 

related to EVs and EV charging infrastructure, among both EV owners and non-EV owners. 

While EV adoption continues to increase in Hawaii, overall ownership remains less than 1% of 

total passenger cars registered.48 To obtain a representative sample of EV owners among all 

survey respondents, the Companies pursued several avenues to accumulate survey responses, 

leveraging customer research panels, in-person intercept surveys and subscriber networks. More 

than 2,200 responses were received from this survey, over 300 of which came from plug-in 

hybrid EV (“PHEV”) owners and battery-only EV (“BEV”) owners, collectively referred to as 

plug-in electric vehicles (“PEVs”). The results of these survey efforts are included in this report, 

as Attachment A.  While the number of responses received is significant and offers valuable 

insights into customer demographics and disposition, further surveys are anticipated to refine 

customer profiles. The current results have been used to improve upon pilot strategy, and can 

provide useful information for future EV infrastructure projects and for the private EV charging 

market in Hawai‘i. The following are examples of insights from the survey efforts that may be 

leveraged to improve upon existing and future EV pilots and programs. 

47 D&O 34592 at 63. 
48 Statewide EV Ownership ranged from 0.51% in January, 2017 to 0.65% in December, 2017. DBEDT 
Datawarehouse: Available at http://dbedt.hawaii.gov/economic/datawarehouse/. 
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EV drivers value charging infrastructure in remote locations 

To date, the Companies’ deployment strategy for DC Fast Charging stations has included 

installations in remote areas, under the assumption that a minimum backbone of public charging 

stations is needed to support the adoption of EVs among customers. The Companies’ surveys 

indicate that, among customers with PEVs capable of fast charging,49 the primary charging 

locations for EV drivers is typically at or near their place of residence, as illustrated in Figure 24, 

below. However, Figure 25 indicates that those same EV drivers specify a higher level of 

importance for charging locations in “remote locations around the island,” when compared to 

locations near their home, work, or along a commuting route. 

Figure 24 
Primary Charging Location of BEVs Capable of Fast Charging 

Survey Question: Where is your electric vehicle primarily charged? 

49 BEVs, such as the BMW i3, Kia Soul, Nissan Leaf, are capable of fast charging with standard or optional 
equipment upgrades. Tesla BEVs may use the Companies’ fast charging stations with an optional adaptor. Almost 
all models of PHEVs are not capable of fast charging. 
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Figure 25  
Station Location Importance for  BEVs Capable of Fast Charging  

Survey Question: When it comes to public charging stations, how important are the following:  

Although customers are more likely to utilize charging stations located at or near their 

home, the survey results support the proposition that stations in remote locations can provide 

significant value to EV owners.  While the Companies plan to include indicators of high 

utilization in its siting strategy, the development of a broad EV charging network will continue to 

be a priority to support EV adoption. As discussed in its application for the extension of this 

pilot, the proliferation of EVs can benefit all customers through reduced emissions from ground 

transportation, the integration of incremental renewable energy, lower electricity rates, and a 

reduced dependence on imported petroleum.50 

50 Transmittal 13-07, filed June 27, 2016, at 17-20. 
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Higher EV adoption among customers in single-family residences 

The results of the Companies’ 2017 survey efforts illustrate a significant difference in EV 

ownership between residents of single family homes when compared to those in MUDs. 

According to the U.S. Census 2012-2016 American Community Survey, approximately 38% of 

residents within the Companies’ service territory live in an MUD.51 However, as illustrated in 

Figure 26 below, the Companies’ survey results show that only 23% of respondents with PHEVs 

reside in an MUD. Even more pronounced, only 19% of respondents with BEVs capable of fast 

charging reside in an MUD.  The survey results indicate that as dependence on electricity for fuel 

increases, EV ownership among MUD residents declines relative to single family residents. 

While there may be multiple drivers to lower PHEV and BEV adoption among MUDs, including 

level of income, limited access to charging options among is likely a significant concern and 

indicates a greater need for MUD infrastructure support. 

51 MUD defined as any housing unit in a structure with two or more total units. Source: ACS 5-year estimate 
selected housing characteristics (DP04). Available at 
https://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?. 
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Figure 26 
Dwelling by PEV Type 

Greater utilization of public fast charging among residents of multi-units dwellings 

In their application for the extension of Schedules EV-F and EV-U, the Companies 

contend that MUD residents “will … benefit from reliable, fast charging options if they are 

unable to procure charging services at their residence.”52 In its D&O 34592, the Commission 

notes that data collection efforts should be employed to support the benefits of the pilot, citing 

the benefit to MUD residents of public fast charging as an example.53 The results of the 

Companies’ 2017 survey efforts illustrate an increased propensity to utilize public fast charging 

stations by MUD residents when compared to single family residents. Figure 27, below, 

52 Companies’ extension request at 25-26. 
53 D&O 34592 at 63-64. 
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illustrates that among surveyed customers with EVs capable of fast charging, about 81% of those 

who live in MUDs utilize fast charging services, compared to 49% for single family residents. 

Figure 27 
Propensity to Fast Charge by Dwelling Type among BEVs Capable of Fast Charging 

Survey Question: Have you ever used a DC Fast Charger on your BEV? 

DCFC Siting Methodology 

As stated in Transmittal 12-05 on October 26, 2012, one of the Companies’ main 

objectives for public EV charging facilities is to “enable public charging of electric vehicles 

during the daytime, away from residences and businesses.”54 The Companies discuss how public 

charging options can be strategically deployed to extend electric driving range, also 

characterizing Schedule EV-U as an opportunity to install utility-owned charging facilities at 

strategic locations that “may not be initially marketable, profitable, or attractive” to private 

54 Transmittal 12-05 at 6. 

58 



  

 
 

  

   

 

    

 

   

   

  

 

   

  

   

   

 

  

 

   

                                                           
   
    

 

 

development.55 This objective is supported by the results of the Companies’ 2017 EV survey, 

which indicates a significant value derived from remote charging, as discussed above. As 

additional charging locations are considered to support the backbone of charging infrastructure, 

the Companies intend to continue to seek out locations that extend electric driving range in their 

service territory. However, as the EV charging market matures, EV battery capacities increase 

and additional charging locations are deployed by both the Companies and private developers, 

alternative pilot objectives may emerge. In future deployments of public EV charging facilities, 

the Companies will consider alternative pilot objectives, including maximizing utilization and 

providing grid services, in its deployment strategy. 

In D&O 34592, the Commission orders the Companies to include in subsequent annual 

reports “a description of the analysis that the Companies are undertaking to assess expected 

utilization for DCFC facilities … including the impacts of geographical location, existing 

charging infrastructure, population density, and other demographic factors and system needs.”56 

The Companies have begun analyzing locational data related to population, jobs, MUD residents, 

average daily traffic, EV ownership and charging alternatives with respect to communities and 

prospective locations within its service territories, and are in the process of standardizing 

collected data at the census tract level. Once a potential site host expresses interest, the 

Companies utilize GIS software to provide a more detailed analysis of these data points with 

respect to a particular address. 

While the Companies assume that particular drivers may influence utilization, further 

data will need to be collected and analyzed to interpret the relationship between the various data 

points. Surveys of EV owners and potential EV owners will help the Companies better 

55 Id. at 8. 
56 Docket 2016-0168, D&O 34592 at 68. 
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understand and leverage data to enhance site utilization. For example, in its recent survey 

efforts, the Companies have found a significantly higher utilization rate of its DC fast charger 

facilities from surveyed residents of MUDs compared to residents of single family homes. As a 

result of this finding, localized estimates of MUD residents will likely outweigh total population 

estimates as an indicator of high utilization. The Companies are in the initial stages of 

developing these analytical capabilities with respect to projected utilization. Once fully 

developed, they plan on sharing and collaborating with local stakeholders, including the CA and 

DBEDT, to communicate and help refine this analysis. 

Grid Support Services 

As discussed, the Companies have deployed demonstration projects at both Kapolei 

Commons and its Ward avenue facilities to test the ability of DCFC stations, coupled with 

BESS, to limit the power drawn from the electric grid for fast EV charging service. In addition 

to limiting demand charges incurred by EV charging providers, coupling EV charging with 

BESS may also be deployed in areas with high saturation of distributed generation to support 

grid reliability. The Companies have had and continue to be open to discussions with third-party 

developers regarding options to deploy DC fast charging stations coupled with BESS to provide 

grid support services. Further analysis will be required to determine the cost-effectiveness of 

these solutions compared with alternative grid technologies. As new and innovative grid 

services are made available for DC fast charging services, the Companies’ deployment strategy 

will also contemplate the value of those grid services. 

The Companies included a question in its survey efforts related to the utilization of 

DCFC stations for DR services. As shown in Figure 28, below, a slight majority of BEV owners 

with fast charging capability indicated that they would not be willing to interrupt a charging 

session in exchange for financial compensation. However, a substantial number of customers 
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(43%) did express a willingness to participate. The Companies intend to continue the 

exploration of how DC fast charging stations, or other types of charging infrastructure, may be 

cost-effectively leveraged to provide grid services. 

Figure 28 
Customer Willingness to Provide DCFC DR Services 

Survey Question: Would you be willing to have your DC Fast Charger session interrupted in 
exchange for a financial compensation? 

E. Recommendation of revisions to rate structures 

On September 5, 2017, the Companies submitted a revised rate structure for Schedule 

EV-U, which was approved by the Commission on October 13, 2017. On December 12, 2017, 

the Companies implemented the revised rate structure for all accounts under Schedules EV-U. 

As the Companies are in the initial stages of gathering consumption data under the revised rate 

structure, there are no recommendations for revisions at this time. However, as mentioned in 

their tariff filing for Schedules EV-F and EV-U, the Companies will continue to monitor both 
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adoption and utilization under the current rate structures and provide recommendations, as 

appropriate.57 

57 Docket No. 2016-0168, EV-F and EV-U Pilot Extension,filed September 5, 2018, at 11. 
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Residential Customers (Non-EV) 
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Residential Customers (Non-EV) 
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Residential Customers (Non-EV) 
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Residential Customers (Non-EV) 
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Residential Customers (Non-EV) 
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Residential Customers (Non-EV) 
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Hybrid Vehicle Drivers (HEV) 
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Hybrid Vehicle Drivers (HEV) 
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Hybrid Vehicle Drivers (HEV) 

2%
 

2%
 

4%
 

6%
 

21
%

 
17

%
 

20
%

 
12

%
 

4%
 

2%
 

8%
 

1%
 

0%
 

20
%

 

40
%

 

60
%

 

80
%

 

10
0%

 

Pl
ea

se
 c

ho
os

e 
th

e 
gr

ou
p 

th
at

 re
pr

es
en

ts
 

yo
ur

 a
nn

ua
l h

ou
se

ho
ld

 in
co

m
e.

 



 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 
 

 

  
68

 
68

 

ATTACHMENT A 
PAGE 68 OF 79

Hybrid Vehicle Drivers (HEV) 

Fi
na

l c
om

m
en

ts
 fr

om
 h

yb
rid

 d
riv

er
s

Se
le

ct
ed

 v
er

ba
tim

 co
m

m
en

ts
 


Su

pp
or

t f
or

 E
V 

de
pe

nd
s u

po
n 

ho
w

 th
e 

el
ec

tr
ic

ity
 is

 g
en

er
at

ed
 -

fo
ss

il 
fu

el
s 

vs
 w

in
d/

so
la

r. 


Ha
w

ai
i's

 c
os

t o
f e

le
ct

ric
ity

 is
 a

 m
aj

or
 d

et
er

re
nt

 to
 p

eo
pl

e 
ge

tt
in

g 
gr

ee
n 

ve
hi

cl
es

. 


At
 th

is 
tim

e,
 th

e 
fu

ll 
el

ec
tr

ic
 v

eh
ic

le
 c

an
no

t g
o 

ve
ry

 lo
ng

 d
ist

an
ce

s,
 a

nd
 I 

w
ou

ld
n'

t c
on

sid
er

. M
y 

fr
ie

nd
 h

as
 a

 L
ea

f, 
an

d 
he

 c
an

no
t g

o 
ar

ou
nd

 th
e 

isl
an

d 
of

 O
ah

u.
 


W

e 
ar

e 
w

ai
tin

g 
fo

r b
et

te
r b

at
te

rie
s (

lik
e 

th
e 

Te
sla

) b
ef

or
e 

w
e 

bu
y 

an
 e

le
ct

ric
 

ca
r. 


I h

av
e 

w
ai

te
d 

m
an

y 
ye

ar
s f

or
 a

n 
af

fo
rd

ab
le

 e
le

ct
ric

 v
eh

ic
le

 w
ith

 a
de

qu
at

e 
ra

ng
e 

to
 b

e 
pr

od
uc

ed
. T

es
la

 M
ot

or
s s

ay
s t

he
y 

ar
e 

no
w

 c
om

in
g 

ou
t w

ith
 th

at
 

ve
hi

cl
e.

 


I h
av

e 
pa

id
 $

10
00

 to
 re

se
rv

e 
a 

Te
sla

 3
. 


An

ot
he

r i
ss

ue
 w

as
 n

ot
 e

no
ug

h 
pu

bl
ic

 st
at

io
ns

 to
 re

ch
ar

ge
...

no
w

 th
er

e 
ar

e 
m

or
e 

w
hi

ch
 is

 w
hy

 I'
d 

co
ns

id
er

. 


Al
th

ou
gh

 m
y 

in
te

re
st

 is
 in

 e
le

ct
ric

 b
at

te
ry

 v
eh

ic
le

s,
 I 

am
 a

lso
 in

te
re

st
ed

 in
 

hy
dr

og
en

 fu
el

ed
 v

eh
ic

le
s (

fu
el

 c
el

ls)
. 

Pl
ea

se
 p

ro
vi

de
 a

ny
 fi

na
l c

om
m

en
ts

 y
ou

 m
ay

 h
av

e 
re

ga
rd

in
g 

th
e 

to
pi

cs
 co

ve
re

d 
th

ro
ug

ho
ut

 th
is

 su
rv

ey
. 



 
 

 
 

 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

  
69

 
69

 

ATTACHMENT A 
PAGE 69 OF 79

Plug-in Vehicle Drivers (PEV) 

In
flu

en
ce

s 
to

 g
et

 a
n 

EV
 

Se
le

ct
ed

 v
er

ba
tim

 co
m

m
en

ts
 


Fr

ee
 c

ha
rg

in
g 

sin
ce

 w
e 

ge
ne

ra
te

 e
xc

es
s e

le
ct

ric
ity

 w
ith

 o
ur

 P
V 

sy
st

em
 


To

 a
ch

ie
ve

 g
oa

l o
f c

om
pl

et
el

y 
fo

ss
il 

fu
el

 fr
ee

 li
fe

 u
sin

g 
on

ly
 e

le
ct

ric
 

to
ol

s,
 v

eh
ic

le
s,

 a
nd

 b
ei

ng
 n

et
 P

V 
co

nt
rib

ut
or

 to
 g

rid
. 


W

an
t t

o 
go

 a
s g

re
en

 a
s p

os
sib

le
 


En

vi
ro

nm
en

ta
l c

on
ce

rn
s.

 T
ry

in
g 

to
 re

du
ce

 m
y 

ca
rb

on
 fo

ot
pr

in
t. 


W

he
n 

I f
irs

t l
ea

se
d 

th
e 

N
iss

an
 L

ea
f, 

ga
s p

ric
es

 w
er

e 
al

m
os

t $
5/

ga
l.

 I 
th

ou
gh

t w
ith

 th
e 

el
ec

tr
ic

ity
 a

nd
 le

as
e 

co
st

, I
 w

ou
ld

 sa
ve

 m
on

ey
 o

n 
m

y 
ve

hi
cl

e.
 


W

e 
w

an
te

d 
to

 b
uy

 e
le

ct
ric

 v
eh

ic
le

 fo
r s

ev
er

al
 y

ea
rs

 b
ut

 th
e 

in
cr

ea
se

 
in

 ra
ng

e 
fo

r t
he

 2
01

7 
Le

af
 m

ad
e 

m
e 

th
in

k 
ab

ou
t t

hi
s y

ea
r. 

Th
e 

of
fe

r 
by

 H
EL

CO
 to

 d
isc

ou
nt

 th
e 

pr
ic

e 
by

 $
10

,0
00

 m
ad

e 
us

 d
ec

id
e 

to
 b

uy
 

no
w

. 


Ga
s p

ric
es

 o
n 

M
ol

ok
ai

. 

W
ha

t i
nf

lu
en

ce
d 

yo
u 

to
 g

et
 a

n 
el

ec
tr

ic
 v

eh
ic

le
? 



 
 

 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

  
70

 
70

 

ATTACHMENT A 
PAGE 70 OF 79

Plug-in Vehicle Drivers (PEV) 

EV
 C

ha
rg

in
g 

R
ou

tin
e

Se
le

ct
ed

 v
er

ba
tim

 co
m

m
en

ts
 


U

su
al

ly
 c

ha
rg

ed
 fr

om
 9

 p
.m

. t
o 

6 
a.

m
. u

sin
g 

th
e 

slo
w

 c
ha

rg
e.

 


So
m

e 
at

 h
om

e 
bu

t i
t t

ak
es

 to
o 

lo
ng

, m
os

tly
 c

ha
rg

in
g 

st
at

io
ns

 tw
ic

e 
a 

w
ee

k.
 


ho

m
e 

ch
ar

ge
r (

le
ve

l I
I),

 se
t o

n 
tim

er
 to

 st
ar

t c
ha

rg
in

g 
@

 m
id

ni
gh

t (
80

%
). 

Al
so

 a
t m

al
l 

fr
ee

 c
ha

rg
in

g 
st

at
io

ns
 


I j

us
t p

ur
ch

as
ed

 th
is 

ve
hi

cl
e,

 so
 it

 is
 d

iff
ic

ul
t t

o 
sa

y.
 I 

ex
pe

ct
 th

at
 I 

w
ou

ld
 n

or
m

al
ly

 c
ha

rg
e 

it 
du

rin
g 

th
e 

da
y 

w
hi

le
 th

e 
PV

 sy
st

em
 is

 p
ro

du
ci

ng
 e

xc
es

s e
le

ct
ric

ity
. 


Ch

ar
ge

 @
 h

om
e 

af
te

r 9
pm

 u
sin

g 
m

y 
tim

e 
of

 u
se

 m
et

er
, u

su
al

ly
 u

nt
il 

7a
m

. S
om

et
im

es
 

us
e 

pu
bl

ic
 c

ha
rg

er
s,

 b
ut

 m
y 

ra
ng

e 
is 

ov
er

 2
50

 m
ile

s o
n 

a 
fu

ll 
ch

ar
ge

, s
o 

I d
o 

no
t r

el
y 

on
 

ou
ts

id
e 

so
ur

ce
s f

or
 to

p 
of

f o
f c

ar
. 


W

e 
go

 to
 th

e 
m

al
l e

ve
ry

 F
rid

ay
 fo

r d
in

ne
r. 

 W
e 

ch
ar

ge
 th

e 
ca

r w
hi

le
 w

e 
ea

t. 
 W

he
n 

w
e'

re
 

do
ne

, w
e 

go
 h

om
e.

  S
om

et
im

es
, I

 c
ha

rg
e 

it 
on

 th
e 

w
ay

 h
om

e 
fr

om
 e

rr
an

ds
 a

t o
th

er
 

lo
ca

tio
ns

 (c
ou

nt
y 

bu
ild

in
g,

 e
tc

.) 


Af
te

r e
ac

h 
us

e.
 I

 h
ad

 a
 P

lu
gl

es
s C

ha
rg

in
g 

Sy
st

em
 in

st
al

le
d.

  T
hi

s i
s a

 in
du

ct
io

n 
ch

ar
gi

ng
 

sy
st

em
, s

o 
th

e 
ca

r i
s a

ut
om

at
ic

al
ly

 c
ha

rg
ed

 e
ve

ry
 ti

m
e 

it 
is 

pa
rk

ed
 a

t h
om

e.
 


W

ith
 th

e 
20

17
 L

ea
f w

ith
 a

 b
et

te
r b

at
te

ry
 sy

st
em

 w
e 

no
w

 c
ha

rg
e 

th
e 

ca
r a

bo
ut

 e
ve

ry
 

th
re

e 
da

ys
 v

s t
he

 o
ld

 L
ea

f w
hi

ch
 w

as
 c

ha
rg

ed
 a

lm
os

t d
ai

ly.
 


Dr

iv
e 

to
 w

or
k 

(u
nd

er
 1

0 
m

ile
s)

 re
tu

rn
 h

om
e,

 p
lu

g 
it 

in
. 

Pl
ea

se
 p

ro
vi

de
 a

n 
ov

er
vi

ew
 o

f y
ou

r t
yp

ic
al

 ch
ar

gi
ng

 ro
ut

in
e.

 



  
71

 
71

 
 

ar
e 

 
te

d 
re

se
n

er
  

d
re

p r o
l

os s V
ea

r
e 

E
thf ve

 y
 o fi

ar
te

r
u

Q

10
0%

 

 
 

 
 

 
 

 

7%
 

10
%

 
8%

 
8%

 

22
%

 
21

%
 

24
%

 

0%
 

20
%

 

40
%

 

60
%

 

80
%

 

20
11

 o
r 

20
12

 
20

13
 

20
14

 
20

15
 

20
16

 
20

17
 

ea
rli

er
 

 
 

 
 

  

ATTACHMENT A 
PAGE 71 OF 79

Plug-in Vehicle Drivers (PEV) 

W
ha

t y
ea

r i
s y

ou
r p

lu
g-

in
 h

yb
rid

 o
r b

at
te

ry
 e

le
ct

ric
 v

eh
ic

le
? 



  

 
 

 
 

 
 

 
 

 
 

  
72

 
72

 

M
os

t o
w

n 
th

ei
r e

le
ct

ric
 v

eh
ic

le
 

O
w

ne
d,

72
%

 

Le
as

ed
,

28
%

 

ATTACHMENT A 
PAGE 72 OF 79

Plug-in Vehicle Drivers (PEV) 

Is
 y

ou
r e

le
ct

ric
 v

eh
ic

le
 o

w
ne

d 
or

 le
as

ed
? 



 
 

 
 

 
 

 
 

 
 

 

 
80

%
 

60
%

 

40
%

 

20
%

 

0%
 

1%
 

1%
 

3%
 

4%
 

16
%

 
10

%
 

65
%

 

91
%

 

O
ne

 
Tw

o 
Th

re
e 

Fo
ur

 
Fi

ve
 

Si
x 

Se
ve

n 

10
0%

 

 
 

 
 

 
 

 

  
73

 
73

 

ATTACHMENT A 
PAGE 73 OF 79

Plug-in Vehicle Drivers (PEV) 

N
in

e 
ou

t o
f t

en
 d

riv
e 

th
ei

r E
Vs

 a
t l

ea
st

 
fiv

e 
tim

es
 a

 w
ee

k 

H
ow

 m
an

y 
da

ys
 a

 w
ee

k 
is

 y
ou

r h
ou

se
ho

ld
’s 

el
ec

tr
ic

 v
eh

ic
le

 d
riv

en
? 



  

  

  

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  
 

 
 

 

  
74

 
74

 
M

aj
or

ity
 d

riv
e 

th
ei

r E
V 

fo
r a

ll 
oc

ca
si

on
s 

Ye
s,

90
%

 

N
o,

10
%

 

Fo
r w

ha
t r

ea
so

ns
 is

 y
ou

r E
V 

no
t u

se
d 

w
he

n 
yo

u 
ne

ed
 to

 tr
av

el
?*

 

• 
Ra

ng
e 

an
xi

et
y 

is 
re

al
. b

at
te

ry
 d

et
er

io
ra

te
s o

ve
r 

tim
e 

(6
 y

ea
rs

) a
nd

 c
ar

 c
ur

re
nt

ly
 h

as
 ra

ng
e 

of
 

un
de

r 5
0 

m
ile

s (
do

w
n 

fr
om

 9
0)

 
• 

Av
ai

la
bi

lit
y 

of
 c

ha
rg

in
g 

st
at

io
ns

 w
hi

le
 o

ut
.  

N
ot

 
ha

vi
ng

 e
no

ug
h 

en
er

gy
. 

• 
lo

ng
 tr

ip
s 

• 
m

ile
ag

e 
w

or
rie

s.
.. 

un
ab

le
 to

 re
ch

ar
ge

, d
ue

 to
 

no
t w

or
ki

ng
 c

ha
rg

er
s o

r n
ot

 h
av

in
g 

th
e 

rig
ht

 
ca

rd
 to

 u
nl

oc
k 

ch
ar

ge
rs

 
• 

It'
s a

 m
ot

or
cy

cl
e.

 C
an

't 
ta

ke
 th

e 
ki

ds
 o

n 
it.

 

ATTACHMENT A 
PAGE 74 OF 79

Plug-in Vehicle Drivers (PEV) 

Is
 y

ou
r h

ou
se

ho
ld

’s 
el

ec
tr

ic
 v

eh
ic

le
 u

se
d 

fo
r a

ll 
oc

ca
si

on
s 

(c
om

m
ut

es
, s

ho
pp

in
g,

 w
ee

ke
nd

 o
ut

in
gs

, e
tc

.)?
 

*S
el

ec
te

d 
ve

rb
at

im
 co

m
m

en
ts

 



   

 
 

 
 

 
 

 

 

 

5%
 

8%
 

15
%

 
10

%
 

12
%

 
10

%
 

29
%

 

11
%

 

0%
 

20
%

 

40
%

 

60
%

 

80
%

 

10
0%

 

50
%

 

O
ne

 
Tw

o 
Th

re
e 

Fo
ur

 
Fi

ve
 

Si
x 

Se
ve

n 
Ei

gh
t o

r 
m

or
e 

 
 

 
 

 

  
75

 

ATTACHMENT A 
PAGE 75 OF 79

Plug-in Vehicle Drivers (PEV) 

H
al

f c
ha

rg
e 

th
ei

r E
V 

fiv
e 

tim
es

 o
r l

es
s 

pe
r w

ee
k75

 

Du
rin

g 
a 

ty
pi

ca
l w

ee
k,

 h
ow

 m
an

y 
tim

es
 is

 y
ou

r 
el

ec
tr

ic
 v

eh
ic

le
 c

ha
rg

ed
? 



 
 

 
  

 
 

 
 

 
 

 
 

 
 

 

 
1%

 
4%

 

16
%

 
13

%
 

19
%

 
9%

 
7%

 
10

%
 

19
%

 

2%
 

0 

0.
2 

0.
4 

0.
6 

0.
8 1 

 
 

 

  
76

 
76

 
M

ed
ia

n 
H

H
 In

co
m

e 
of

 th
e 

EV
 D

riv
er

s 
su

rv
ey

ed
 

is
 $

12
0,

99
9 

ATTACHMENT A 
PAGE 76 OF 79

Plug-in Vehicle Drivers (PEV) 

Pl
ea

se
 c

ho
os

e 
th

e 
gr

ou
p 

th
at

 re
pr

es
en

ts
 

yo
ur

 a
nn

ua
l h

ou
se

ho
ld

 in
co

m
e.

 



 

 

 

 

10
0%

 

80
%

 

60
%

 

40
%

 

20
%

 

0%
 

61
%

 

39
%

 

73
%

 

27
%

 

O
w

ne
d 

Le
as

ed
 

DC
FC

 U
se

r 
N

on
-U

se
r 

 

 
 

 
  

 
 

 

  
77

 
77

 

Tw
o 

ou
t o

f f
iv

e 
D

C
FC

 u
se

rs
 le

as
e 

th
ei

r B
EV

 
ATTACHMENT A 

PAGE 77 OF 79
DCFC User Comparison – BEV Segment 

Is
 th

e 
el

ec
tr

ic
 v

eh
ic

le
 o

w
ne

d 
or

 le
as

ed
? 



 
 

 
 

 
 

 
 

 
 

 

 
 

 

7%
 

11
%

 
11

%
 

12
%

 

23
%

 
23

%
 

14
%

 
10

%
 

13
%

 
12

%
 

9%
 

20
%

 
20

%
 

17
%

 

0%
 

20
%

 

40
%

 

60
%

 

80
%

 

10
0%

 

20
11

 
20

12
 

20
13

 
20

14
 

20
15

 
20

16
 

20
17

 

DC
FC

 U
se

r 
N

on
-U

se
r 

 

 
 

 
 

 

  
78

 
78

 

Ye
ar

 o
f B

EV
 M

od
el

 
ATTACHMENT A 

PAGE 78 OF 79
DCF C User Com pari s on – B E V Segm ent 

W
ha

t y
ea

r i
s y

ou
r e

le
ct

ric
 v

eh
ic

le
? 



 
 

 
 

 
 

 

10
0%

 

80
%

 

60
%

 

40
%

 

20
%

 

0%
 

77
%

 
81

%
 

23
%

 
19

%
 

Pl
ug

-in
 H

yb
rid

 E
V 

Ba
tt

er
y 

EV
 

n=
50

 
n=

37
1 

Si
ng

le
 F

am
ily

 
M

uD
 

  

 
 

 
 

 
 

 
 

 
 

 
 

 
 79

 
79

 
H

ig
he

r E
V 

ad
op

tio
n 

am
on

g 
su

rv
ey

 
re

sp
on

de
nt

s 
in

 s
in

gl
e 

fa
m

ily
 d

w
el

lin
gs

* 

*C
om

bi
ne

d 
sa

m
pl

es
 fr

om
 D

CF
C 

U
se

r C
om

pa
ris

on
 

an
d 

Pl
ug

-in
 V

eh
ic

le
 D

riv
er

s s
ur

ve
y 

ef
fo

rt
s 

W
hi

ch
 b

es
t d

es
cr

ib
es

 y
ou

r p
rim

ar
y 

re
si

de
nc

e?
 

ATTACHMENT A 
PAGE 79 OF 79



  

 

  

Attachment  B  

 

Electric Vehicle Pilot Rates Report  

Electric Power Research Institute   

Interim Report on  

Battery Storage with DC  Fast Charging  



ELECTRIC POWER I- RESEARCH INSTITUTE 

Energy Storage Paired with Electric Vehicle 
DC Fast Charging 

Demonstration and Analysis in Hawaii 

3002012710 

ATTACHMENT B 
PAGE 1 OF 30



ATTACHMENT B 
PAGE 2 OF 30

[THIS PAGE IS INTENTIONALLY BLANK]



Energy Storage Paired with Electric Vehicle 
DC Fast Charging 

Demonstration and Analysis in Hawaii 

3002012710 
Technical Update, March 2018 

EPRI Project Manager 

M. Evans 

ELECTRIC POWER RESEARCH INSTITUTE 
3420 Hillview Avenue, Palo Alto, California 94304-1338 •PO Box 10412, Palo Alto, California 94303-0813 •USA 

800.313.3774 • 650.855.2121 • askepri@epri.com • www.epri.com 

ATTACHMENT B 
PAGE 3 OF 30



DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITIES 
THIS DOCUMENT WAS PREPARED BY THE ORGANIZATION(S) NAMED BELOW AS AN ACCOUNT OF 
WORK SPONSORED OR COSPONSORED BY THE ELECTRIC POWER RESEARCH INSTITUTE, INC. (EPRI). 
NEITHER EPRI, ANY MEMBER OF EPRI, ANY COSPONSOR, THE ORGANIZATION(S) BELOW, NOR ANY 
PERSON ACTING ON BEHALF OF ANY OF THEM: 

(A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER, EXPRESS OR IMPLIED, (I) VVITH 
RESPECT TO THE USE OF ANY INFORMATION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM 
DISCLOSED IN THIS DOCUMENT, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE, OR (II) THAT SUCH USE DOES NOT INFRINGE ON OR INTERFERE VVITH PRIVATELY OWNED 
RIGHTS, INCLUDING ANY PARTY'S INTELLECTUAL PROPERTY, OR (Ill) THAT THIS DOCUMENT IS 
SUITABLE TO ANY PARTICULAR USER'S CIRCUMSTANCE; OR 

(B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY WHATSOEVER (INCLUDING 
ANY CONSEQUENTIAL DAMAGES, EVEN IF EPRI OR ANY EPRI REPRESENTATIVE HAS BEEN ADVISED OF 
THE POSSIBILITY OF SUCH DAMAGES) RESULTING FROM YOUR SELECTION OR USE OF THIS 
DOCUMENT OR ANY INFORMATION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM DISCLOSED IN 
THIS DOCUMENT 

REFERENCE HEREIN TO ANY SPECIFIC COMMERCIAL PRODUCT, PROCESS, OR SERVICE BY ITS TRADE 
NAME, TRADEMARK, MANUFACTURER, OR OTHERVVISE, DOES NOT NECESSARILY CONSTITUTE OR 
IMPLY ITS ENDORSEMENT, RECOMMENDATION, OR FAVORING BY EPRI. 

THE ELECTRIC POWER RESEARCH INSTITUTE (EPRI) PREPARED THIS REPORT. 

This is an EPRI Technical Update report. A Technical Update report is intended as an informal report of 
continuing research, a meeting, or a topical study. It is not a final EPRI technical report. 

NOTE 
For further information about EPRI , call the EPRI Customer Assistance Center at 800.313.3774 or 
e-mail askepri@epri.com. 

Electric Power Research Institute, EPRI , and TOGETHER .. . SHAPING THE FUTURE OF ELECTRICITY 
are registered service marks of the Electric Power Research Institute, Inc. 

Copyright© 2018 Electric Power Research Institute, Inc. All rights reserved . 

ATTACHMENT B 
PAGE 4 OF 30



ACKNOWLEDGMENTS 
The Electric Power Research Institute (EPRI) prepared this report . 

Principal Investigator 
M. Evans 

This report describes research sponsored by EPRI. 

EPRI would like to acknowledge the support of the following organizations: Hawaiian Electric 
Companies. 

This publication is a corporate document that should be cited in the literature in the following 
manner: 

Energy Storage Paired with Electric Vehicle DC Fast Charging: Demonstration and Analysis in 
Hawaii. EPRI, Palo Alto, CA: 2018. 3002012710. 

iii 

ATTACHMENT B 
PAGE 5 OF 30



ATTACHMENT B 
PAGE 6 OF 30

[THIS PAGE IS INTENTIONALLY BLANK]



ABSTRACT 
This interim report documents initial findings based on 2017 data collected from a project 
pairing stationary energy storage with a DC fast charger (DCFC) at Kapolei Commons, a 
shopping, dining, and entertainment center in West O'ahu. The primary purpose of this 
stationary energy storage system is to reduce peak power drawn from the grid with as little 
impact to customer electric vehicle (EV) charging times as possible . This report examines the 
efficacy of stationary storage in combination with a DCFC at achieving HECO goals and 
meeting customer charging needs. The report also provides an overview of the state of the 
stationary energy storage system. The following key topics are addressed : 

• Assess grid impact/benefit 
• Evaluate customer impact/benefit 
• Assess performance, durability, cycling dispatch 
• Determine usage and grid impacts 
• Quantify application benefits and validate methods using analytics benefit tools 
• Examine deployment and operation experience 

Keywords 
Stationary energy storage 
DC fast charger (DCFC) 
Electric vehicle (EV) 
Grid impacts 
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Deliverable Number: 3002012710 

Product Type: Technical Update 

Product Title: Energy Storage Paired with Electric Vehicle DC Fast Charging: 
Demonstration and Analysis in Hawaii 

PRIMARY AUDIENCE: Utilities, especially Hawaiian Electric Company (HECO) 

KEY RESEARCH QUESTION 

How does the inclusion of stationary energy storage with a DC fast charger (DCFC) impact the grid and the 
customer electric vehicle (EV) charging experience? 

RESEARCH OVERVIEW 

Three types of data from the installed charging system-1-minute power quality (PQ) monitoring data , 1-
second battery management system (BMS) data, and charging event data-were collected for the months of 
November 2017 and December 2017. This data was cleaned , processed, and visualized to clarify how much 
customer time was lost/saved as a result of an imposed 23-kW limit on power from the grid and the inclusion 
of stationary energy storage. Additionally , the effectiveness of the overall DCFC system for meeting the 
maximum grid power requirement was assessed . 

KEY FINDINGS 
• Over the two-month period , the addition of stationary storage allowed the DCFC to deliver power to 

customer EVs at a higher rate than would normally be allowed by the distribution infrastructure, 
reducing the total customer charging time by an estimated 21 .8 hours. 

• The average power delivered to vehicles at the test site was still 77% of that of comparable chargers 
nearby. 

• Reduction of charging time in the future will depend on whether the energy capacity of stationary 
storage is sized to meet future increases in EV energy capacity. 

WHY THIS MATTERS 

The impact to the grid from a growing EV market combined with higher charging power and greater vehicle 
energy storage capacity will need to be addressed . DC fast charging demand involves a load with very tall , 
thin peaks and a very low load factor. This demand could be met by the traditional distribution power capacity 
infrastructure, but the shape of the load lends itself well to stationary energy storage. The demonstration 
described in this report is a real-world exploration of the benefits and potential pitfalls of the stationary storage 
approach . While it is impossible to perfectly predict the future, the results of this study speak to the value of 
energy storage to hedge against future growth in charging power/energy and the risk of installing an 
undersized storage system. 

EXECUTIVE SUMMARY 
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1 
STATIONARY ENERGY STORAGE PAIRED WITH DC 
FAST CHARGING 
This interim report will serve to report initial findings based on the data collected in 2017 from 
the stationary storage paired with DC fast charger (DCFC) project at Kapolei Commons, HI. The 
primary purpose of the stationary storage is to reduce the peak power drawn from the grid with 
as little impact to customer charging times as possible . This interim report examines the efficacy 
of the stationary storage at achieving its goals and provides an overview of the state of the 
stationary storage. The research questions to be answered in this report are outlined below. 

• Assess Grid Impact/benefit 
• Assess Customer impact/benefit 
• Assess performance, durability, cycling dispatch 
• Assess DC fast charging usage and grid impacts 
• Quantify application benefits and validate benefit methods using analytics benefit tools 
• Assess deployment and operation experience 

The data presented below represents three distinct data streams. There is 1-minute AC power 
data taken from the PQ monitor which represents the net power drawn from the grid by the 
DCFC and stationary storage. The battery management system (BMS) provides 1-second power 
information to/from the stationary storage and the vehicle. Finally, charging event data, 
including a timestamp, duration , and total energy transferred to the vehicle is also collected. For 
comparison and context, usage data from two similar, nearby chargers (Ward Ave 1 &2) are 
occasionally presented. 

ACMains • 

Utility Meter 

Figure 1-1 
System Block Diagram 

Power 
Quality 
Meter 

--- CCS Coupler - CHAdeMO Coupler 
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Power vs Time Profile 
The effect of the stationary storage can be seen on a representative sample of the facility ' s power 
profile below. Before the stationary storage, the vehicle charger would draw a peak load of 
>40kW from the grid during this time period but because of the stationary storage's discharger, 
the peak load is limited to 25.35 kW. The I-second BMS data is aggregated into I-minute 
intervals for combination with the I-minute PQ monitor data. 
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Figure 1-2 
Representative Data Sample 

The sign convention for the plot above is positive means power flow away from the grid, 
negative means power flow towards the grid. This contradicts the usual stationary storage sign 
convention because in this case, negative power means the stationary storage is discharging. This 
shows up in the state of charge of the stationary storage, shown below. 
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Figure 1-3 
Stationary Storage State of Charge (SOC) 
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The data in Figure 1-4 represents the charging patterns for all three vehicle chargers for the 176 
days between 08/17 and 12/2017. The chargers are used the most between 7am and. There are 
charging reports available for the Kapolei Commons charger for 119 of those days. On an 
average day, the Kapolei Commons charger is used 2.62 times, delivering an average of 22.88 
kWh per charge (see Figure 1-4). 
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Figure 1-4 
Charging Patterns for Kapolei Commons and Ward Ave. 1&2. 

All of the chargers de liver a similar amount of energy per charging session. 
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Figure 1-5 
Vehicle Charge Energy per Session 

The average charging energy for one session is 22.88 kWh . The stationary storage was designed 
with small electric vehicles in mind, like Nissan Leafs, with on-board energy capacities around 
24 kWh. However, vehicles with larger batteries have become more prevalent and so charging 
sessions consuming as much as 70 kWh are relatively common. These charging sessions are 
much more likely to deplete the stationary energy storage, causing the vehicle to charge solely 
from the grid at 23 kW. The effect of this on customer charging times is discussed in the 
customer impacts section below. 

Power Consumption at Idle 
When both the stationary battery and the fast charger are idle (consuming and producing 
approximately zero power) , the average power draw recorded by the PQ meter is 58.3 Watts. 

Efficiency 
This section requires the note that there is an offset in the battery power data of -80W. In other 
words, when there are no power flows anywhere else in the system, the battery reports it is 
discharging at about 80-W while not losing state of charge. Without correction, this indicates an 
efficiency greater than 1, which is impossible unless there is another source of energy. The 
vehicle charging power does not have any offset like this. The following efficiency calculations 
control for the 80W battery power offset. 

The overall efficiency of the DCFC system is 88.01 %. This is the total energy delivered to cars 
through the Kapolei Commons DC fast charger divided by the total energy passed through the 
PQ monitor. Note that this does not include any onboard conversion or charging efficiency losses 
within the vehicles. This can be broken out into a roundtrip efficiency of the stationary storage 
and an efficiency of the DC fast charger. To make sense of these efficiencies, it is important to 
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note that not all of the energy delivered to vehicles goes through the stationary storage. Of the 
4037 kWh delivered to vehicles through the DC fast charger, only 838 kWh were discharged by 
the stationary storage. A stationary storage roundtrip efficiency (DC-DC) of roughly 90% applies 
to this energy. Note that because the data comes from different sources, not all data can be 
directly compared . The numbers in the figure below come from the log files at > I/second 
sampling frequency . The PQ monitor doesn ' t report this frequently , so the higher-frequency data 
has to be merged into this , resulting in some loss of data. 

Figure 1-6 
System Energy Flows (kWh) 

927.69 

838.21 

4036.76 

Stationary 
Storage 

DCFC 

Degradation 
As with any similar battery energy storage system, this stationary storage is expected to degrade 
over time and with use. Ideally, a full discharge (100% SOC to 0% SOC) at rated power would 
be conducted periodically to estimate the remaining useful energy capacity of the storage system. 
This would interrupt the operation of the DCFC and would cause more degradation itself. 
Instead, we estimate the remaining useful energy capacity of the storage system using 
operational data by leveraging the internal SOC calculation. 

To do this , we relate how much energy the battery cumulatively discharged in November and 
December, 2017 to the corresponding cumulative drops in SOC. In November and December, 
the storage system discharged a cumulative 852.8 kWh of energy. These discharges correspond 
to drops in the SOC of the battery equal to 7100%. In other words, 71 equivalent full discharges 
of the battery produced 852.8 kWh. This means that one full discharge should provide 852.8/71 
= 12.0 kWh, which is the rated energy capacity of the storage system. However, the minimum 
SOC typically seen in the battery is 16% and the maximum is 95% (although the battery often 
stops charging between 80-95% SOC). This means that 95%-16% = 79% of the energy capacity 
of the storage system is being used regularly, representing 9.48 kWh. 

Another method is to identify a time when the battery is continuously discharged from a high 
SOC to a low SOC to mimic the preferred remaining useful energy capacity test. One event like 
this happened on 2017-10-20 and is shown below. 
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Figure 1-7 
Large Stationary Storage Discharge Event 

During this time, the stationary storage discharged continuously from a SOC of 83% to a SOC of 
0% between 5pm and 7pm. This discharge resulted in a cumulative 7.863 kWh of energy being 
discharged from the stationary storage. However, it appears that no energy was transferred when 
the SOC dropped from 16% to 0%. So, this discharge represents only 67% of the energy storage 
capacity. Assuming the SOC calculation is correct, this means that a full discharge will contain 
11.74 kWh of energy, similar to what was observed in the previous test. Regardless of how much 
the cells have actually degraded, it appears that roughly 9.5 kWh of useful energy capacity 
remain and only slightly less than the rated energy capacity assuming a full discharge. 
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Figure 1-8 
Histogram of Stationary Storage SOC 
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Simultaneous DC fast charging and stationary storage charging 
The system can deliver power to a vehicle when the stationary storage is charging as well. The 
stationary storage will begin to recharge after a vehicle's charging power drops below 23 kW. 
The stationary limits its charging power to keep the total grid power beneath the 23 kW 
threshold . 

Utility Impacts 
Energy Cost Management 
At the moment, the stationary storage is kept at a high state of charge when inactive (max=95%) 
and responds only to vehicle charging sessions. It is not generating any benefit from energy time 
shift and, due to the efficiency losses from charging and discharging, the stationary ESS will 
actually increase energy costs. 

Peak Load Reduction 
The stationary storage reduces the overall 1-second peak load from the DCFC by 19.55 kW. 
However, the PQ meter reads I-minute average power values above the 23kW setting and above 
the 25kW grid limit. This is under investigation currently. 

1-minute Average Power above 23 kW 
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Figure 1-9 
PQ Meter AC Power Readings above 23 kW 
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Customer Impacts 
Vehicles cannot charge as quickly at a high state of charge and the longer a vehicle charges, the 
more likely it is to achieve a high state of charge. The time it takes a vehicle to charge to a high 
state of charge depends on its energy capacity and its state of charge at the beginning of the 
charging session. The plot below shows the charging duration on the x-axis and the energy 
delivered in the charging session on the y-axis for the two Ward Ave chargers, neither with a 
grid power limit or stationary storage. There is a reference line at an average of 25 kW over the 
charging session. A well-utilized charger would have charging sessions with high average 
powers (well above the red line). In general, we see charging sessions are clustered toward the 
40kW line for long-duration charging sessions, although the average power per session drops off 
at very high charging durations. For short charging sessions, the average charging power is very 
broadly distributed between I 0 kW and 40kW, representing a mix of vehicle types and beginning 
SO Cs. 
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Figure 1-10 
Ward Ave. Charging Sessions for Context 

For the Kapolei Commons charger with stationary storage, the average charging power is much 
closer to 23 kW - the grid power limit. Whenever the storage cannot discharge to increase 
vehicle charging power due to not enough stored energy or any other reason, the charging power 
is 23 kW maximum (the limit set on the grid power). This impacts the average charge time. The 
average charging time at the Kapolei Commons charger is 61 minutes for a total energy of 22.9 
kWh whereas the average charging time at the Ward Ave chargers is 50 minutes for 24.4 kWh. 
So, the average vehicle charging power at the Kapolei Commons charger is only 77% of the 
average charging power at the Ward Ave chargers. 
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Figure 1-11 
Kapolei Commons Charging Sessions 

The rated energy capacity of the storage system when it was installed was 12 kWh. Higher-
energy charging sessions, like can be expected from Tesla brand cars with large on-board energy 
capacities, are likely to deplete the stationary energy storage. When this happens, the charging 
power will be limited to 23 kW from the grid. Additionally, as the vehicles reach high states of 
charge, they will limit their charging power to avoid damaging their batteries. These effects 
combine and make the average charging power for long-duration sessions low. 

To further explore the effect of this setup on the customers ' charging times, two numbers are 
considered. The first is the number of customer minutes lost due to the grid power limit. When 
the storage system is depleted, it cannot discharge any more to speed up the customers ' charges 
but the grid power limit is still in place. The second number is the number of customer minutes 
saved by the storage assuming the grid power limit is necessary. 

Customer Time Lost to Grid Power Limit 
The base case for this comparison will be a normal 50kW charger. To determine when a lack of 
energy in the stationary storage is limiting a customer' s charging power, we look for vehicle 
charging power of 23 kW when the SOC of the stationary storage is low. There are many times 
when the vehicle is charging at the maximum grid power and the stationary battery is not 
charging or discharging (see below). 
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Figure 1-12 
Histogram of Nonzero Vehicle Charging Power Colored by Stationary Storage Power 

During these times, the SOC of the stationary storage is usually about 16% and the storage rarely 
discharges below 16%. This means the effective minimum SOC of the stationary storage is 16% 
and that the vehicle charging power is reduced to 23 kW when 16% is reached . As the plot below 
shows, this SOC minimum limits vehicle charging power for a considerable amount of time, 
reducing the average charging power to 77% of similar, nearby chargers. 
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Figure 1-13 
Histogram of Vehicle Charging Power Colored by Stationary Storage SOC 
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Without knowing what power the vehicles would charge at in a normal system we cannot know 
exactly how much time is lost in each individual charging session due to the grid power limit. 
However, the average charging power from the Kapolei Commons charger is 77% of the average 
in the Ward Ave. chargers, meaning that the charging time to deliver the same amount of energy 
is 1/. 77 = 1.3 times longer than it would be in a normal charger. Over November and December, 
customers spent a cumulative 318 hours charging at the Kapolei Commons charger. This would 
be smaller by 318/ 1.3 = 73 hours if it were a normal DCFC. 

Customer Minutes Saved by Stationary Storage 
The base case for this comparison is now a 25 kW DCFC with no storage. This simulates a case 
where there is a 25kW grid power limit but no storage was installed. Calculating how much time 
the stationary storage saved given a grid power limit of 25 kW is relatively straightforward. To 
do this , the amount of energy delivered by the stationary battery is converted to time saved by 
dividing by the 25 kW limit. The total amount of energy delivered by the battery is 545 kWh in 
the dataset involving mostly November and December 2017 data, which represents a savings of 
21.8 customer hours over those two months. 

Simulated Commercial Customer Demand Charge Reduction 

For this section, we look at a hypothetical commercial customer under Hawaii Electric 
Company ' s Schedule J rates (demand rate= $11.69/kW-mo, energy rate= 16.9734 cents/kWh). 
This customer has to pay the energy and demand charges incurred by the DCFC. The two 
options being explored are a case when this customer has the stationary energy storage system 
(so pays energy and demand charges based on the grid power) and a case where they do not (so 
pays energy and demand charges based on the DCFC power). The purpose will be to calculate 
the energy bill savings the stationary storage provides, which could be an input to a cost-benefit 
analysis to determine whether or not it makes sense to install stationary storage. 

If the power being delivered to the vehicles is taken as what the facility ' s load power would be 
without a stationary storage system, then the demand charges would be $476 for November and 
$480 for December based on the maximum power (average in 15-min average) applied to the 
demand charges from the HECO rate structure: General Service Demand (Schedule J). The same 
process applied to the net power from the device results in demand charges of $274 for 
November and $273 for December. This means that the stationary storage would be saving this 
hypothetical customer an average of $204.5 per month in demand charges as long as we neglect 
the efficiency losses from any conversions between the billing meter and the DCFC. 

Table 1-1 
Demand Charges ($) 

Without Stationary Storage With Stationary Storage Savings 

November $476 $274 $202 

December $480 $273 $207 

To provide any value from energy time shift, the stationary storage would have to charge during 
off-peak times and discharge during on-peak times. Currently, the stationary storage is not doing 
this. Additionally, because of the roundtrip efficiency losses from the stationary storage, the 
effect is to increase energy charges. In these two months, roundtrip efficiency losses in the 
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stationary storage destroyed 51 kWh of energy, costing $8.65 over the two months. The energy 
cost is small compared to the demand charge reduction benefit. These results do not speak to the 
net cost or benefit of the system if all capital and operational costs are considered. Instead, they 
represent the real-world reduction in demand charges this system would have realized under 
schedule J rates. 

Conclusion 
This system is reducing the peak load drawn from the grid and is reducing customer charging 
times under the grid limit. However, a lack of energy capacity in the stationary storage results in 
slow charging for many customers with large vehicle storage capacities relative to a normal , 
unconstrained DC fast charger. It is impossible to perfectly predict the future and this result 
speaks to the value of energy storage to hedge against future growth in charging power/energy 
and the risk of installing an undersized storage system. For a potential commercial customer 
offering DC fast charging under schedule J rates , there is room for storage to reduce their 
demand charges which would have to be weighed in a full cost-benefit analysis. 
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