
i 
 

 

  
 

 
 

Avista Corp. 

Electric Vehicle Supply Equipment Pilot  
Final Report  

 
  



 i 
 

 

Front Cover ς !ǾƛǎǘŀΩǎ 5/ Ŧŀǎǘ ŎƘŀǊƎƛƴƎ ǎƛǘŜ ƛƴǎǘŀƭƭŀǘƛƻƴ ƛƴ ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ 

Kendall Yards in Spokane, Washington 

 

 
Huntington Park, Spokane, Washington 

 

 

About Avista 
Avista Corporation is an energy company involved in the production, transmission and distribution of 

energy as well as other energy-related businesses.  Its largest subsidiary, Avista Utilities, serves more 

than 600,000 electric and natural gas customers across 30,000 square miles in eastern Washington, 

northern Idaho and parts of southern and eastern Oregon.   

 

!ǾƛǎǘŀΩǎ ƭŜƎŀŎȅ ōŜƎƛƴǎ ǿƛǘƘ ǘƘŜ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǿŜΩǾŜ ƎŜƴŜǊŀǘŜŘ ǎƛƴŎŜ ƻǳǊ ŦƻǳƴŘƛƴƎ ƛƴ мууфΣ ŀƴŘ 

ƎǊƻǿǎ ǿƛǘƘ ƻǳǊ Ƴƛǎǎƛƻƴ ǘƻ ƛƳǇǊƻǾŜ ŎǳǎǘƻƳŜǊǎΩ ƭƛǾŜǎ through innovative energy solutions. 

Avista ς Better Energy for Life!  



ii 
 
 

 

 

 

Avista Authors 
Rendall Farley, P.E. ς Electric Transportation Manager 

Mike Vervair ς Electric Transportation Engineer 

Jon Czerniak ς Data Analyst 

 

October 18, 2019 

Submitted to the Washington Utilities and Transportation Commission (UTC) 

 

 

Contact 
rendall.farley@avistacorp.com 

 

 

Acknowledgments 
The following groups are recognized for their many contributions  

essential to the EVSE ǇƛƭƻǘΩǎ ŀŎŎƻƳǇƭƛǎƘƳŜƴǘǎ 

 
 

Colvico, Inc. 

GEM Electric NW, Inc. 

Washington State Transportation Electrification 

Stakeholder Group 

Spokane Transit Authority 

Washington Trust Bank 

Town of Rosalia 

City of Liberty Lake 

City of Colville 

Port of Clarkston 

Town of Garfield 

City of Palouse 

City of Pullman 

City of Spokane 

Spokane Regional Health District 

Transitions for Women 

 

 

Whitworth University 

Gonzaga University 

Washington State University 

Alliance for Transportation Electrification 

Electric Power Research Institute 

Edison Electric Institute 

Energy + Environmental Economics (E3) 

Forth 

Pacific NW Utility Transportation Electrification 

Collaborative 

California Electric Transportation Association 

Greenlots 

FleetCarma 

Efacec 

BTC 

ClipperCreek 

 

300+ Residential and Commercial Customers 

mailto:rendall.farley@avistacorp.com


 

Avista EVSE Pilot Final Report  1 

Contents 
Executive Summary ..................................................................................................................................... 2 

Background ............................................................................................................................................... 10 

Light-Duty EV Adoption and Forecasts ..................................................................................................... 14 

Education and Outreach ........................................................................................................................... 19 

Community and Low-Income .................................................................................................................... 22 

Customer Surveys ..................................................................................................................................... 24 

Installations and Costs .............................................................................................................................. 28 

Residential AC Level 2 EVSE .................................................................................................................. 29 

Commercial AC Level 2 EVSE ................................................................................................................. 33 

DC Fast Charger EVSE ............................................................................................................................ 36 

Reliability and O&M Costs ........................................................................................................................ 39 

Utilization, Load Profiles & Data Analysis ................................................................................................. 48 

Residential AC Level 2 EVSE .................................................................................................................. 53 

Commercial AC Level 2 EVSE ................................................................................................................. 62 

DC Fast Charging ................................................................................................................................... 71 

Telematics Data and Analysis ................................................................................................................... 76 

Load Management .................................................................................................................................... 82 

Grid and Economic Impacts ...................................................................................................................... 90 

Expenses and Revenues .......................................................................................................................... 100 

Conclusions and Recommendations ....................................................................................................... 102 

References .............................................................................................................................................. 105 

Appendix A:  Glossary of Terms & Abbreviations ................................................................................... 107 

Appendix B:  Data Validation .................................................................................................................. 114 

Appendix C:  Explanation of Box Plots .................................................................................................... 116 

Appendix D:  Assorted Charging Profiles ................................................................................................ 117 

Appendix E:  Charge Session Box Plots for Workplace Charging sample Group .................................... 120 

Appendix F:  Avista EVSE Network Energy Usage ................................................................................... 125 

Appendix G:  Interoperability.................................................................................................................. 128 

Appendix H:  Economic Modeling Details ............................................................................................... 131 

https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132274
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132275
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132276
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132277
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132278
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132279
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132280
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132284
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132285
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132289
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132291
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132292
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132293
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132294
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132295
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132296
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132297
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132298
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132299
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132300
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132301
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132302
https://avistacorp-my.sharepoint.com/personal/rendall_farley_avistacorp_com/Documents/Final%20Report%20DRAFT%20v60.docx#_Toc22132303


 

Avista EVSE Pilot Final Report  2 

 

 
 

 

Avista launched its Electric Vehicle Supply Equipment (EVSE) pilot in 

2016, with the main objectives of understanding (1) light-duty 

electric vehicle (EV) load profiles, grid impacts, costs, and benefits, 

(2) how the utility may better serve all customers in the 

electrification of transportation, and (3) begin to support early EV 

adoption in its service territories.   

A total of 439 EVSE charging ports were installed in a variety of 

locations, including 226 residential, 123 workplace, 24 fleet, 20 

multiple-unit dwelling, and 7 DC fast charging sites, through a three 

year pilot program ending in June, 2019.  These EVSE are owned and 

maintained by Avista, located on residential and commercial 

property ŘƻǿƴǎǘǊŜŀƳ ƻŦ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ƳŜǘŜǊ, except for DC fast 

charging sites where the utility owns all equipment from the 

transformer to the EVSE.  A combination of both networked and 

non-networked EVSE from six different manufacturers were 

installed to compare costs, performance, and customer satisfaction.  

Networked EVSE allowed for data collection at all locations and direct load management experiments at 

residential and workplace locations, through the Electric Vehicle Supply Provider (EVSP) that managed 

the network.  Customers accepted this arrangement without a time-of-use (TOU) rate or further 

incentives, which allowed Avista to gather data for both uninfluenced load profiles, and those altered 

via direct control of EVSE output subject to customer notifications and demand response (DR) event opt-

outs.  A total of $3.1 million in capital investments and $740k in operations and maintenance expenses 

were incurred for the pilot program, which was under budget and in-line with expectations.  An 

estimated 1,319 Avista customers with EVs in Washington will contribute over $323k utility revenue 

from EV charging in 2019. 

Support for EV adoption was accomplished through (1) 

education and outreach efforts, (2) a program benefiting low-

income customers, (3) dealer engagement including a 

referral program, (4) residential EVSE offerings, and (5) 

chargers installed at workplace, fleet, multiple-unit dwelling 

(MUD) and public sites, with the intent to help establish a 

backbone of EVSE infrastructure in eastern Washington.  This 

activity has correlated with an increasing adoption rate 

starting at 23% in 2016 and rising to a projected rate of 41% 

in 2019, which has caught up to the Washington State 

average.  Workplace charging in particular has supported 

Executive Summary 

 

¶Provide a comprehensive 
overview of the EVSE 
ǇƛƭƻǘΩǎ ƛƴǘŜƴǘ ŀƴŘ 
activities 

 

¶Present detailed findings 
and lessons learned 

 

¶Lay the groundwork for 
effective future 
programs 

 

 

Report Objectives: 
 

 

Figure 1: Residential EVSE charging 
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adoption, resulting in an over 200% increase in EV commuters at reported locations.  However, the 

number of EVs and per capita ownership remain low compared to western Washington, and future 

adoption rates remain uncertain, subject to a number of factors including the availability of EVs, 

purchase costs, gasoline prices, public awareness, dealer engagement, and EVSE infrastructure.  While 

!ǾƛǎǘŀΩǎ pilot program supported EV adoption and achieved positive results, it is clear that a sustained 

and increased effort in partnership with local governments, customers, non-profits and policymakers is 

needed for continued progress and EV market transformation. 

The Company initiated a trial program to directly benefit disadvantaged and low-income groups by 

collaborating with local stakeholders, evaluating proposals, and implementing EV transportation for a 

local non-profit and government agency serving these groups.  In both cases, Avista provided an EV and 

an EVSE that was used for a variety of beneficial purposes including transport to critical medical services, 

job skills training, shuttle services for overnight shelter, and food deliveries.  Since implementation, the 

organizations reported transportation cost savings of 57% and 82%, leveraged to provide additional 

transportation and other services, as well as additional benefits such as positive education and 

awareness among employees, and an interest in expanded EV fleets.  This year, the Spokane 

Transportation Collaborative was formed, with broad stakeholder membership from area government 

agencies and non-profits, recognizing the need to address transportation issues among the 

disadvantaged, as the most serious issue following the lack of adequate housing.  Avista intends to 

collaborate with this group to most effectively understand transportation issues and how they may be 

addressed with future electric transportation and mobility programs supported by Avista.  

 

A series of online customer surveys followed immediately after initial EVSE installation and semi-annually 

thereafter, which showed high customer satisfaction with EVs at 98%, and with the EVSE performance 

at 98% for non-networked EVSE and 85% for networked EVSE at residential locations.  Common feedback 

included a need for more public EVSE in the region, especially DC fast chargers, and improvement in the 

reliability and customer experience of networked EVSE at both residential and commercial locations. 

 

EVSE Costs and Performance 
 

Installation and operation and maintenance (O&M) costs show that networked EVSE are significantly 

more expensive to install and maintain, and have a higher rate of failures requiring troubleshooting and 

repair, as shown in the following table.1 

 

 

  

                                                      
1 Note that % uptime is defined as the percent of time an EVSE is able to provide a charge, while % online is the percent of 
time the EVSE is online and communicating with the network.  In many cases a networked EVSE may be able to provide a 
charge even if offline with the network. 
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Table 1: Average EVSE installation cost, O&M expenses and performance  

 
Installation 

cost per port 

Annual O&M 

per port 
% uptime % online 

Residential AC Level 2 - 

networked 
$2,445 $370 98% 66% 

Commercial AC Level 2 

- networked 
$6,035 $600 86% - 93% 76% - 86% 

DC fast charging site $128,084 $1,550 87% 87% 

Residential AC Level 2 ς 

non-networked 
$1,766 $5 100% NA 

Commercial AC Level 2 

ς non-networked 
$4,472 $185 99% NA 

 

It is expected that networked EVSE performance and costs will continue to improve as the industry 

matures.  In any case, it is also clear that non-networked EVSE are preferable from a customer experience 

and cost perspective, unless a networked EVSE is required for data collection, point-of-use fee 

transactions, or DR capability.  EVSE-to-network interoperability through the use of industry standards 

such as the Open Charge Point Protocol (OCPP) is critical to reduce the risk of stranded assets and take 

advantage of performance and cost improvements in the market. 

 

EVSE Utilization and Load Profiles 
 

Over 53,000 charging sessions were analyzed to determine EVSE utilization and load profiles, based on 

different locations and driver types including commuters, non-commuters, and vehicle categories of all-

battery (BEVs) and plug-in hybrid (PHEVs).  Analysis shows that the great majority of charging occurs at 

residential locations coinciding with system peaks in the late afternoon and early evening, followed by 

workplace charging which can coincide with morning peaks during colder winter temperatures.  Charging 

behaviors according to EV and driver types showed similar load profile shapes, with higher consumption 

for battery-electric vehicles (BEVs), commuters, and on weekdays.  A smaller dataset for long-range BEVs 

such as the Tesla model 3 showed an 85% increase in peak demand and a 78% increase in energy 

consumption compared to average residential charging from other vehicle types, such as shorter-range 

BEVs and plug-in hybrid vehicles (PHEVs).  This may represent a closer approximation of future loads 

from EV charging, as the industry is expected to produce BEVs with larger batteries that enable longer 

driving ranges in the years ahead. 
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Figure 2: Average daiƭȅ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ŀŎǊƻǎǎ !ǾƛǎǘŀΩǎ ƴŜǘǿƻǊƪŜŘ EVSE 

EV commuters with both workplace and residential charging availability charged less at home than those 

with only residential charging, causing reduced evening peak load.  However, this also increased peak 

load from workplace charging in the morning during colder winter temperatures.  Utilization varied 

considerably, with the most observed at residential, fleet and workplace locations at over 17 sessions 

per month and average sessions consuming over 7 kWh per session in 1.6 hours, typically charging at 3.3 

kW or 6.6 kW.  DCFC utilization grew by 19% over the last year, but is still relatively low given the state 

of early EV adoption in the region.  Analysis of DCFC O&M costs, meter billing, and user fee revenue 

highlight the need to consider alternative rate designs, as demand charges averaged 67% of total bills ς 

making it difficult for revenue to cover ongoing expenses, let alone capital investments. 

 

Load Management 

!ǾƛǎǘŀΩǎ ŘƛǊŜŎǘ ƭƻŀŘ ƳŀƴŀƎŜƳŜƴǘ 

experiments using DR technologies at 

home and at work showed that customers 

accepted 75% peak load reductions via 

remote utility controls, without negative 

effects on driving habits or overall 

satisfaction ratings.  This is because the 

hourly charging requirements of EVs are 
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very flexible, especially at residential locations where virtually all AC Level 2 charging may be 

accomplished in the late night and very early morning hours, which coincide with year-round off-peak 

hours.  Even higher rates of peak load reduction through DR may be possible, but require further 

technology development to attempt and substantiate.  Costs to implement DR must also be dramatically 

reduced in order to provide net grid benefits and the ability to reliably scale up.  This effort should 

continue, with development and experimentation in a variety of methods and technologies, as it will 

become ever more important to integrate and optimize EV loads in the future as a flexible grid resource.  

 

Grid Impacts and Economic Modeling 
 

/ƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ƻǘƘŜǊ ǎǘǳŘƛŜǎΣ !ǾƛǎǘŀΩǎ Ǝrid impact modeling indicates that light-duty EVs will have little 

effect on the distribution system over the next decade, even at high adoption rates.  To illustrate, only 

6% of service transformers were overloaded assuming nearly 25% EV adoption.  In contrast, generation 

capacity costs could factor substantially in the added costs to serve this new load starting in 2027, when 

Avista is projected to become short on generation capacity.  However, base-case modeling indicates that 

EVs provide $1,206 per EV in net grid benefits, as the billing revenue exceeds utility costs over its service 

life.  This may be increased by another $463 per EV when load management shifts peak loads to off-

peak, as was operationally demonstrated in the EVSE pilot.   

 

 
Figure 4: Ratepayer Perspective costs and benefits per EV, without managed charging 2019-2038 

  

In addition, from a regional perspective each EV provides a net benefit of $1,661, mostly due to the 

substantial fuel cost savings of EV customers.  This can have a tremendous ripple effect on the local 

economy at scale.2  Perhaps most importantly, each EV avoids close to 4 tons of CO2 emissions per year, 

an 80% reduction from the average light-duty vehicle powered by gasoline.  This offers a tremendous 

                                                      
2 bƻǘŜ ǘƘŀǘ ǘƘŜǎŜ ǊŜǎǳƭǘǎ ƛƴŎƻǊǇƻǊŀǘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ŀǎǎǳƳǇǘƛƻƴǎ ŦǊƻƳ !ǾƛǎǘŀΩǎ нлмт 9ƭŜŎǘǊƛŎ LƴǘŜƎǊŀǘŜŘ wŜǎƻǳǊŎŜ tƭŀƴΣ ŀƴŘ Řƻ not yet 
incorporate increased costs that may occur to reach newly established carbon neutrality goals for utility power supply. 
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societal benefit and return on investment in the effort to reduce harmful greenhouse gas emissions and 

other air pollutants. 

 

 
Figure 5. Regional perspective costs and benefits per EV without managed charging 2019-2038 

It cannot be over-emphasized that although EVs may be very manageable over the near term, grid 

impacts and costs resulting from EV peak loads could become significant over longer time horizons, with 

higher EV adoption, and as other loads and the grid change.  The EVSE pilot represents a good start in 

ǘƘŜ /ƻƳǇŀƴȅΩǎ ƻƴƎƻƛƴƎ ŜŦŦƻǊǘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ 9± ƭƻŀŘǎ can affect the grid and how they may be 

optimally integrated and managed, in an evolving system that brings the most benefit to all customers. 

 

Conclusions and Recommendations 
 

Through the EVSE pilot the Company gained valuable experience, achieving its learning objectives while 

effectively supporting early EV adoption.  Light-duty EV loads will be manageable from a grid perspective 

over at least the next decade, and EVs offer the potential to provide significant economic and 

environmental benefits for the long term to both EV drivers as well as all other customers.  Participants 

were highly satisfied with the pilot programs, and Avista is now in an excellent position to propose a 

comprehensive Transportation Electrification Plan in both Washington and Idaho service territories, that 

includes major areas of education & outreach, dealer engagement, community & low-income, EVSE 

infrastructure, load management, commercial fleets, rate design, internal programs, planning, and grid 

integration. Through this long-term effort, Avista intends to innovate and serve all customers and 

communities in electrifying the transportation sector, building a better energy future in partnership with 

industry, customers, local governments and policymakers. 
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1. Data and analysis show that grid impacts from light-duty EVs are very manageable 

over at least the next decade, net economic benefits can extend to all customers, 
and significant reductions of greenhouse gas emissions (GGE) and other harmful air 
pollutants may be achieved with EVs.  However, grid impacts and costs resulting 
from EV peak loads could become significant over longer time horizons, with higher 
EV adoption, and as other loads and the grid change.  The EVSE pilot represents a 
ƎƻƻŘ ǎǘŀǊǘ ƛƴ ǘƘŜ /ƻƳǇŀƴȅΩǎ ƻƴƎƻƛƴƎ ŜŦŦƻǊǘ ǘƻ ǳƴŘŜrstand how EV loads may be 
optimally integrated and managed, in an evolving system that brings the most 
benefit to all customers. 

 
2. Avista was able to cost-effectively install EVSE, resulting in high customer 

satisfaction, and the pilot correlated with a significant increase in the rate of EV 
adoption in the area, demonstrating that utility programs can be effective in 
supporting and enabling beneficial EV growth.  Partnerships with industry providers, 
a focus on providing value for the customer, and contractor performance were keys 
to success. 
 

3. Workplace charging stands out as a powerful catalyst for EV adoption, while 
simultaneously providing grid benefits from reduced EV charging at home during 
the evening peak hours. 

 
4. Low dealer engagement, a lack of EV inventories, and persistent customer 

awareness and perception issues continue to be a major barrier to mainstream EV 
adoption in the region.  The utility can help overcome these issues with robust 
education and outreach programs, including dealer engagement. 

 
5. Avista successfully demonstrated the use of EVs to reduce operating costs for a local 

non-profit and government agency serving disadvantaged customers.  The Company 
expects local stakeholder engagement to continue in the development and 
expansion of similar programs, as well as other innovative ways to serve 
communities and low-income customers, consistent with the UTC Policy Statement.   

 
6. Surveys showed a widespread desire for more public AC Level 2 and DC fast charging 

sites, which may be supported in future utility programs and rate designs.  A new 
rate should be developed to address operational cost barriers resulting from 
traditional demand charges, while reasonably recovering utility costs.   
 

 
 
 

 

Key Takeaways from the EVSE Pilot 
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7. Networked EVSE reliability, uptime, costs, and customer experience are all 
important opportunities for improvement, reinforcing the importance of utilizing 
interoperable networked EVSE.  Non-networked EVSE are very reliable and cost 
effective, and should be utilized wherever possible unless data collection, user 
fee transactions, remote monitoring, or other requirements necessitate the use 
of networked EVSE. 

 
8. Load management experiments showed that the utility may remotely curtail 

residential peak EV loads by 75%, while maintaining customer satisfaction and 
without a TOU rate or additional incentives other than the installation of the EVSE 
owned and operated by the utility.  More DR experimentation may show the 
feasibility to shift an even higher percentage of peak loads.  While EVSE load 
management utilizing DR and V1G technology appears acceptable from a 
customer perspective, reliability and costs must be significantly improved to 
attain net grid benefits and enable practical application at scale.   

 
9. Data and analysis were somewhat limited by the available pool of participants 

and EVSE sites, however results compared well with other studies using larger 
population samples, and EVSE data was satisfactorily replicated and verified by 
telematics data.  As the industry evolves, light-duty EVs with larger battery packs 
may become the norm.  In this respect, the EV load profiles developed and 
examined in this study may under-predict electric consumption and peak loads 
to some degree. 

 

 
 

 

Key Takeaways (continued) 
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On April 28, 2016 the Washington Utility and Transportation Commission (UTC) issued Order 01 in 

Docket UE-мслуун ŀǇǇǊƻǾƛƴƎ !ǾƛǎǘŀΩǎ ǘŀǊƛŦŦ {ŎƘŜŘǳƭŜ тт ŦƻǊ ƛǘǎ EVSE Pilot Program.  The initial two-year 

installation term of the program began with the first residential EVSE installation on July 20, 2016.   

On June 14, 2017, the UTC issued a άPolicy and Interpretive Statement Concerning Commission 

Regulation of Electric Vehicle Charging Stations.έ3  It provides background and guidance principles for 

utility EV charging as a regulated service, and notes that ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ !ǾƛǎǘŀΩǎ Ǉƛƭƻǘ ǇǊƻƎǊŀƳ ƛǎ ǘƻ ƻōǘŀƛƴ 

data and experience that will inform future EVSE programs and rate designs.   

On February 8, 2018, the UTC issued Order 02 in Docket UE-мслуун ŀǇǇǊƻǾƛƴƎ !ǾƛǎǘŀΩǎ ǇǊƻǇƻǎŜŘ 

revisions to tariff Schedule 77.  This included extending the installation period of the program with 

additional EVSE installations through June 30, 2019, as well as adding a program benefiting low-income 

customers and a few other minor adjustments.  Following the installation period, ongoing program 

management continued including EVSE maintenance, data collection and demand response (DR) 

through direct load management (V1G) experimentation.   

 

                                                      
3 Docket UE-160799 (June 14, 2017). 

Background 

Figure 6: Ownership models for utility and customer EVSE infrastructure 
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AC Level 2 EVSE owned and maintained by Avista were installed on residential and commercial sites 

ŘƻǿƴǎǘǊŜŀƳ ƻŦ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ƳŜǘŜǊ ŀƴŘ ŜƭŜŎǘǊƛŎŀƭ ǎǳǇǇƭȅ ǇŀƴŜƭΣ ǿƘƛƭŜ 5/ Ŧŀǎǘ ŎƘŀǊƎƛƴƎ ǎƛǘŜǎ ƛƴǾƻƭǾŜŘ 

full utility ownership of all equipment from the transformer to the EVSE.  The figure illustrates electrical 

infrastructure and four basic types of EVSE ownership models between the utility and the customer.  

!ǾƛǎǘŀΩǎ !/ [ŜǾŜƭ н ƛƴǎǘŀƭƭŀǘƛƻƴǎ ŦƻƭƭƻǿŜŘ ǘƘŜ ά9±{9 ƻƴƭȅέ ƳƻŘŜƭ ƛƴ ōƻǘƘ ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ŎƻƳƳŜǊŎƛŀƭ 

lƻŎŀǘƛƻƴǎΣ ŀƴŘ 5/ Ŧŀǎǘ ŎƘŀǊƎƛƴƎ ǎƛǘŜǎ ŦƻƭƭƻǿŜŘ ǘƘŜ άŦǳƭƭ ƻǿƴŜǊǎƘƛǇέ ƳƻŘŜƭΦ 

A simple EVSE rebate program is an example ƻŦ ǘƘŜ άtraditionalέ business model, where nothing is owned 

by the utility beyond the meter and conditional rebates from the utility are provided for EVSE purchased 

and installed by the customer.  A άƳŀƪŜ ǊŜŀŘȅέ ǇǊƻƎǊŀƳ typically involves new utility commercial service, 

including dedicated meters and premises wiring or supply infrastructure that is owned and maintained 

by the utility, stubbed out to the EVSE locationΦ  Lƴ άƳŀƪŜ ǊŜŀŘȅέ ƳƻŘŜƭǎ, the EVSE itself is owned and 

maintained by the customer, and in some cases the utility may provide subsidies to the customer for 

EVSE purchase, installation and/or maintenance.  Full ownership involves a dedicated transformer, 

meter, supply infrastructure and the EVSE itself, all owned and maintained by the utility.  Public AC Level 

2 or DC fast charging sites can fall in this category, with EVSE user fees applied and subject to regulatory 

oversight. 

!Ǿƛǎǘŀ ŎƘƻǎŜ ǘƘŜ ά9±{9 hƴƭȅέ ŀƴŘ άCǳƭƭ hǿƴŜǊǎƘƛǇέ models for the EVSE pilot as an alternative to other 

more common utility EVSE rebate and make ready programs.  It was felt that by utilizing existing supply 

panels and other supply infrastructure in residential and commercial locŀǘƛƻƴǎ ƛƴ ǘƘŜ ά9±{9 hƴƭȅέ ƳƻŘŜƭΣ 

costs could be much lower than ŎƻƳǇŀǊŀōƭŜ άmake readyέ installations with new dedicated services and 

infrastructure.  Further, it seemed possible that utility EVSE ownership and maintenance might be an 

effective way to provide the most value and satisfaction for customers in terms of reducing the costs, 

risks and difficulties of installing EVSE, while providing a means for effective DR without the need for 

further incentives or a time-of-use (TOU) rate to shift peak loads.  Due to the more substantial 

investments and effort to implement DCFC sites and maintain them, the full utility ownership model was 

chosen to ensure long-term DCFC operability and public access.  

In order to comprehensively understand EV 

charging behavior and electrical loads from 

different locations, it was necessary to build an 

9±{9 άŜŎƻǎȅǎǘŜƳέ ǘƘŀǘ ǿŀǎ ƛƴǘŜƎǊŀǘŜŘ ōȅ ŀ ǎƛƴƎƭŜ 

network, capturing the charging data for individual 

EV drivers wherever they might charge ς at home, 

at work, or in the public, for both AC Level 2 and DC 

fast charging.  It was important to incorporate 

ƘŀǊŘǿŀǊŜ ŀƴŘ ǎƻŦǘǿŀǊŜ ǘƘŀǘ ǿŀǎ άƛƴǘŜǊƻǇŜǊŀōƭŜέΣ 

using industry standard communication protocols 

such as the OCPP standard, so that risks and 

operational flexibility could be well managed. This 

ŜƴŀōƭŜǎ άǇƭǳƎ ŀƴŘ Ǉƭŀȅέ ŘŜǇƭƻȅƳŜƴǘ of alternative Figure 7: Integrated EVSE network design 
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EVSE or EVSP providers in the future as the competitive market and products mature.  The overall design 

is depicted here, with the maximum allowed number of ports in each major category.   

The numbers and proportions of EVSE in each category were carefully chosen to accomplish learning 

ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ōŜƎƛƴ ǘƻ ǎǳǇǇƻǊǘ 9± ŀŘƻǇǘƛƻƴ ƛƴ !ǾƛǎǘŀΩǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅΣ ǿƘƛƭŜ ŎƻƴǘŀƛƴƛƴƎ Ŏƻǎǘǎ to a 

modest level.  Uninfluenced load profiles for different EV driver types and in different locations could be 

reasonably established in the 

first phase of the pilot, followed 

by direct load management of 

networked AC Level 2 EVSE at 

residential, workplace, fleet and 

multiple unit dwellings (MUD) 

locations.4  These comparisons 

allow for a better understanding 

of customer behaviors and 

more robust grid impact and 

economic modeling, influencing 

future program designs.  The 

proportional targets were also 

informed by the literature, 

showing different volumes and 

supporting roles that EV 

charging plays in each segment.  

!ǎ ǎƘƻǿƴ ōȅ ǘƘŜ ά/ƘŀǊƎƛƴƎ 

tȅǊŀƳƛŘέΣ ŀƭƭ ǘȅǇes of charging 

are important in the overall light-duty EV άŜŎƻǎȅǎǘŜƳέΣ ōǳǘ as much as 90% or more of all charging occurs 

at residences, fleet locations, and at the workplace, where EVs are parked for long periods of time and 

may charge at lower power levels and at reduced costs.  This is especially so if the charging may be 

reliably and economically shifted to off-peak times, maximizing benefits for all utility customers.   

Program design also incorporated the objective of providing support for early EV adoption.  This could 

be accomplished by addressing the barriers of low awareness and lack of EVSE infrastructure, through 

initial education & outreach efforts, dealer engagement including a referral program and residential 

EVSE offerings, as well as commercial EVSE buildout at workplace, fleet, and public locations, all intended 

to help form the first substantial backbone of EVSE infrastructure in eastern Washington. 

Finally, with the backdrop of legislation passed in Washington State in 2015 and 20195 and growing 

consensus and support on a global scale, a societal purpose has been established for the reduction of 

greenhouse gas emissions (GGEs).  It is recognized that the transportation sector is the largest 

                                                      
4 Load management of public AC Level 2 and DC fast chargers is not feasible as EV drivers need maximum charge for limited periods of 
time at public locations. 
5 See Washington State HB1853 (2015), HB2042 (2019), and SB5116 (2019).  https://app.leg.wa.gov/billinfo/ 

Figure 8: The Charging Pyramid (courtesy EPRI) 

https://app.leg.wa.gov/billinfo/
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contributor of GGEs and other hazardous air pollutants, that electrification of the transportation sector 

can provide a high return on investment in reducing emissions, and that utilities must be fully engaged 

to play a key role in this transformation.  The EVSE pilot was therefore launched as a starting point to 

explore how the Company may better serve all customers, achieving major economic and environmental 

benefits in the long-term effort to electrify transportation, partnering with industry, customers, local 

governments and policymakers.  
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The chart below shows the growth in registered light-duty, plug-in electric passenger vehicles from 2015 

to 2019 ƛƴ !ǾƛǎǘŀΩǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊƛŜǎ ƛƴ ²ŀǎƘƛƴƎǘƻƴ ŀƴŘ LŘŀƘƻΦ  wŜƎƛǎǘǊŀǘƛƻƴ Řŀǘŀ ƛƴ ²ŀǎƘƛƴƎǘƻƴ ƛǎ ǘŀƪŜƴ 

from the Washington Department of Licensing,6 and in Idaho from extrapolation of early data provided 

by the Electric Power Research Institute (EPRI). 

 

This shows that EV adoption in 

!ǾƛǎǘŀΩǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊƛŜǎ 

initially lagged behind 

Washington State as a whole 

in 2016, a 23% annual 

increase compared to the 

StateΩǎ ƻǾŜǊŀƭƭ ƛƴŎǊŜŀǎŜ ƻŦ оо҈ 

that year.  Since then, 

adoption has risen to a 

comparable level and has 

surpassed the State average 

to date in 2019, at 41% 

increase compared to 31%.   

 

Although the rate of local EV 

adoption is now on par with the State ŀǾŜǊŀƎŜΣ ǘƘŜ ƻǾŜǊŀƭƭ ƴǳƳōŜǊ ƻŦ 9±ǎ ƛƴ !ǾƛǎǘŀΩǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ ƛǎ 

still relatively small, with lower per-capita adoption.  For example, according to Atlas EV Hub, Spokane 

County currently has 1.8 EVs per 1,000 population, compared to 11.9 in King county and 6.3 for the 

State.7  This compares to a total of 2,900,000 automobiles serving a population of 7.5 million in 

Washington State, or 387 automobiles per 1,000 population.8  Lƴ ǘŜǊƳǎ ƻŦ ǾŜƘƛŎƭŜǎ ǊŜƎƛǎǘŜǊŜŘ ōȅ !ǾƛǎǘŀΩǎ 

379,000 residential electric customers in Washington and Idaho, given an estimated range of 1.5 to 1.9 

vehicles per household, yields a total of 570,000 to 720,000 light duty vehicles in the current fleet.  In 

addition to this are an unknown number of light-duty commercial vehicles, as well as medium and heavy 

duty vehicles that over time may transition to electric transportation. 

 

Local sales data are not currently available, however Washington State EV sales increased from 7,068 in 

2017 to 12,650 in 2018, increasing in overall vehicle market share from 2.5% to 4.3% of total vehicle 

sales.  This compares to national sales of 199,826 in 2017 to 361,307 in 2018, and 2.1% market share.  

                                                      
6 Washington Department of Licensing website https://data.wa.gov/Transportation/Electric-Vehicle-Population-Data/f6w7-q2d2 
7 Atlas EV hub website https://www.atlasevhub.com/materials/state-ev-registration-data/ 
8 US Department of Transportation, Federal Highway Administration data: 
https://www.fhwa.dot.gov/policyinformation/statistics/2017/pdf/mv1.pdf>.   

Light-Duty EV Adoption and Forecasts 

Figure 9: Light-duty EV Adoption in Avista Service Territory 

https://data.wa.gov/Transportation/Electric-Vehicle-Population-Data/f6w7-q2d2
https://www.atlasevhub.com/materials/state-ev-registration-data/
https://www.fhwa.dot.gov/policyinformation/statistics/2017/pdf/mv1.pdf
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Recent U.S. sales data for 2019 indicate a flat to slightly negative year-over-year change in EV sales 

through the third quarter.9  

 

Globally, China has taken the lead with more light-duty EV sales than all other countries combined in 

2018, followed by Europe, which is led by countries such as Norway where EV sales reached 46% of 

vehicle market share.  The chart below shows forecasts for EV adoption by global regions over both the 

short and long term, according to Bloomberg New Energy Finance.10  Many industry experts predict a 

dramatic increase in EV adoption in the 2023-2024 timeframe, as a number of new makes and models, 

and investments in EV production capacity are brought to market.  

 

 
Figure 10: Global EV adoption by region (source Bloomberg NEF) 

 

.ŀǎŜŘ ƻƴ ǊŜǎƛŘŜƴǘƛŀƭ ŎǳǎǘƻƳŜǊ ŀǇǇƭƛŎŀǘƛƻƴǎ ŦƻǊ !ǾƛǎǘŀΩǎ 9±{9 ǇƛƭƻǘΣ ŀ ōǊŜŀƪŘƻǿƴ ƻŦ 9± Ƴŀƪes and models 

is shown below.   Most recently, of the 39 applications received in 2019, Nissan LEAF owners accounted 

for 12 applications (30%), followed by seven Tesla Model 3 applications (17%), among a total of 20 

different EV makes and models.  This indicates a continued high variety of EV sales in the local area, with 

relatively strong engagement by one of the area Nissan dealerships.  The percentage of Tesla participants 

ƛƴ !ǾƛǎǘŀΩǎ 9±{9 ǇǊƻƎǊŀƳ όмр҈ύ ƛǎ ŀƭǎƻ ƳŀǊƪŜŘƭȅ ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ ƴŀǘƛƻƴŀƭ ǇŜǊŎŜƴǘŀƎŜ of Tesla cumulative 

EV sales (35%), which saw a dramatic increase since the third quarter of 2018 following the launch of the 

Model 3.  The table below shows statistics for AvistaΩǎ EVSE pilot participants compared to cumulative 

sales for different EV types, makes and models at the regional and national level.   

                                                      
9 Atlas EV hub:  https://www.atlasevhub.com/materials/state-ev-registration-data/ 
10 Bloomberg New Energy Finance:  https://about.bnef.com/electric-vehicle-outlook/#toc-viewreport 

https://www.atlasevhub.com/materials/state-ev-registration-data/
https://about.bnef.com/electric-vehicle-outlook/#toc-viewreport
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Figure 11: Avista pilot participation by EV Make and Model 

 

Due to uncertainty in the large number of 

variables involved and the important dynamic 

effects between them, it is not possible to 

forecast EV adoption with any reasonable level 

of confidence.  This is demonstrated by a survey 

of reputable EV forecasts in the literature, 

which show a wide range of outcomes.11  As 

part of an effort to model and understand the 

range of possible effects, Avista worked with Energy and Environmental Economics (E3) to develop 

ǇƭŀǳǎƛōƭŜ ŦƻǊŜŎŀǎǘǎ ŦƻǊ ƘƛƎƘΣ ƭƻǿ ŀƴŘ ōŀǎŜ ŎŀǎŜ 9± ŀŘƻǇǘƛƻƴ ǎŎŜƴŀǊƛƻǎ ƛƴ !ǾƛǎǘŀΩǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅΣ ŀǎ 

shown below.  A forecast through 2036 was selected to coincide with and compare results to a separate 

E3 grid impact analysis for the Pacific Northwest region as a whole.12  

 

Note that these projections are for light-duty 

ǇŀǎǎŜƴƎŜǊ ǾŜƘƛŎƭŜǎ ƻƴ ǘƘŜ ǊƻŀŘΣ ƻǿƴŜŘ ōȅ !ǾƛǎǘŀΩǎ 

residential customers in Washington and Idaho, out of 

an assumed 600,000 vehicle fleet starting in 2018, not 

including commercial light-duty, medium and heavy 

duty vehicles of various applications.  With assumed 

2% annual growth, this fleet increases to a total of 

857,000 vehicles by 2036.  In the high scenario, 33% 

                                                      
11 Bloomberg New Energy Finance:  https://about.bnef.com/electric-vehicle-outlook/#toc-viewreport 
12 Economic & Grid Impacts of Electric Vehicle Adoption in Washington & Oregon (2017) 

Fiat 500E
7%

Chevy VOLT
17%

Chevy BOLT
5%

Other:
25%BMW i3

5%

Nissan LEAF
30%

Tesla 
MODEL 3

11%

Others:
Tesla Others: 15.8%
Ford Fusion: 14%
HondaClarity: 12.3%
Toyota Prius: 12.3%
BMW x5: 7%
Ford CMAX: 7%
Chrysler Pacifica Hybrid: 5.3%
Audi E-Tron: 3.5%
Chevy Spark: 3.5%
Ford Focus: 3.5%
Hyundai Sonata: 3.5%
Smart ED: 3.5%
Volkswagen EGolf: 3.5%
Jaguar i-Pace 1.8%

Mercedes GLE 550E: 1.8%n = 226

 
Avista 
EVSE pilot 

Spokane 
Co. 

WA State US 

BEV 66% 58% 69% 59% 

PHEV 44% 62% 31% 41% 

Tesla 15% 25% 33% 35% 

GM 23% 23% 15% 17% 

Nissan 30% 22% 24% 11% 
Table 2: Cumulative EV sales statistics 

Figure 12: Light duty EV adoption scenarios 

https://about.bnef.com/electric-vehicle-outlook/#toc-viewreport
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of the operational fleet are EVs by 2036, followed by 15% in the base scenario, and 5% in the low 

scenario.  Given that fleet turnover may be gradual due to typical vehicle service lives of ten or more 

years, a high percentage of EV sales especially in the later years is required to reach higher levels of 

adoption.13  As shown, the rate of adoption begins to decrease in the 2033 timeframe.  Alternatively, if 

EVs eventually dominate, then a continued steep increase beyond 2030 could be expected rather than 

ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ ŎƭŀǎǎƛŎ ά{έ ŎǳǊǾŜΣ ǿƘŜǊŜ ŀŘƻǇǘƛƻƴ ǎǘŀǊǘǎ ǘƻ ōŜŎƻƳŜ ǎŀǘǳǊŀǘŜŘ ƛƴ ǘƘŜ ƳŀƛƴǎǘǊŜŀƳ 

market.   

 

Key factors that increase EV adoption include policy support, lower upfront purchase costs, greater 

vehicle variety, availability and inventory levels, technology advances, superior operational performance 

and customer experience, greater driving range, adequate charging infrastructure, and higher gasoline 

prices that translate to more EV operational savings.  In at least the near term, higher personal incomes 

and population density are also factors with high correlation to EV ownership.  Avista serves a population 

with relatively lower personal incomes, and more rural geographies with lower population densities.  

¢Ƙƛǎ Ƴŀȅ ŎƻƴǘƛƴǳŜ ǘƻ ŘŀƳǇŜƴ 9± ŀŘƻǇǘƛƻƴ ƛƴ ǘƘŜ /ƻƳǇŀƴȅΩǎ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊƛŜǎΦ  !ǎ ǎǳŎƘΣ ƛǘ ŎƻǳƭŘ ōŜ 

reasonably argued ǘƘŀǘ ǿƛǘƘƻǳǘ ƳŀǊƪŜǘ ƛƴǘŜǊǾŜƴǘƛƻƴǎ ǎǳŎƘ ŀǎ !ǾƛǎǘŀΩǎ 9±{9 ǇƛƭƻǘΣ ŀŎǘǳŀƭ ŀŘƻǇǘƛƻƴ ǿƻǳƭŘ 

track somewhere between the low and base scenarios.   

 

Although the future is uncertain, Avista 

may prepare for a variety of plausible 

scenarios, with the goal to support 

market transformation and optimize 

grid integration, so that benefits and 

costs are optimized for all customers 

and communities served.  From this 

perspective, a longer term, very high 

adoption scenario is also considered. 

 

In this scenario, the transportation 

sector undergoes a major transformation away from petroleum fuel over the next three decades, 

reaching 90% of EV fleet adoption by 2050.   Assuming 2% annual growth of the 2018 fleet of 600,000 

vehicles owned by Avista residential electric customers, by 2050 nearly 950,000 EVs would be registered 

out of 1,130,00 total vehicles.  This scenario is intended to represent an upper bound of transportation 

electrification in the light-duty sector, which could occur but the likelihood of which is unknown.  Of 

course, a number of other factors could affect the total number of fleet vehicles and energy consumption 

over several decades, including societal changes in work and living habits, and the availability of 

autonomous EVs, which could greatly alter driving behaviors, vehicle ownership and total energy 

                                                      
13 For example, assuming an average fleet turnover every 15 years and 600,000 vehicles in the fleet, this equates to 40,000 new vehicles 
entering the fleet each year, approximately 25,000 of which must be EVs each year by 2030 in the high adoption scenario ς a sales rate of 
60% or more.  
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consumption.14  Note that as before, these figures do not include commercial light-duty, medium and 

heavy duty vehicles of various applications, e.g. forklifts, parcel delivery, school and mass transit buses, 

etc.  Nor does it include other modes of freight and passenger movement such as rail, aviation and 

marine transportation, which may also become electrified to some degree. 

 

 

  

                                                      
14 RethinkX ς Rethinking Transportation:  https://www.rethinkx.com/transportation 

https://www.rethinkx.com/transportation
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As stated in the UTC Policy Statement,15 Education and Outreach is an important element of utility 

support for EV adoption, in order to help address issues of low awareness and negative perceptions of 

EVs.  The Company accomplished this in a number of areas during the EVSE pilot, and continues to 

provide related support resources for customers as outlined below. 

 

Avista provides information on its customer webpage16 to help answer FAQs related to electric vehicles, 

charging needs and installations, vehicle purchase and operational cost comparison tools, web links to 

other sources of helpful information, and contact information via email and phone for more detailed 

inquiries.17  During the pilot customers could also review program information, as well as download and 

electronically submit applications from the website.  Incoming phone calls and email to the main service 

centers are routed through customer service representatives and appropriate staff to assist with more 

detailed inquiries.  This may involve email correspondence, discussions over the phone, as well as in-

person meetings and consultations. 

 

Throughout the course of the EVSE pilot, Avista received a number of media requests which helped raise 

public awareness, promulgating important information about the benefits of electric transportation and 

!ǾƛǎǘŀΩǎ ǇǊƻƎǊŀƳǎ ǘƘǊƻǳƎƘ ǾŀǊƛƻǳǎ ƳŜŘƛŀ ŎƘŀƴƴŜƭǎΣ ƛƴŎƭǳŘƛƴƎ ¢±Σ ǊŀŘƛƻΣ ǇǊƛƴǘ ŀƴŘ ǎƻŎƛŀƭ ƳŜŘƛŀΦ  ¦ǘƛƭƛty 

bill inserts were sent to customers once in 

2017 and a second time in 2018, which also 

helped raise awareness.  However, word-of-

mouth referrals accounted for the majority of 

ǎƻǳǊŎŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ !ǾƛǎǘŀΩǎ ǇǊƻƎǊŀƳǎ ŦƻǊ 

residential customers. 

   

 In turn, residential customers were by far the 

most productive source for qualified 

commercial leads and contacts via their 

respective employers, resulting in a 

satisfactory level of workplace charging 

installations in the program.  This had the 

added benefit of providing an important 

dataset for those participants with AC Level 2 

charging available at both home and at work, 

                                                      
15 p. 41 
16 Avista electric transportation webpage:  myavista.com/transportation 
17 Webpage information links:  https://www.plugshare.com, https://pluginamerica.org, 
https://gis.its.ucdavis.edu/evexplorer/#!/locations/start 

Education and Outreach 

Figure 13: Information Sources for Residential Applicants 

http://www.myavista.com/transportation
https://www.plugshare.com/
https://pluginamerica.org/
https://gis.its.ucdavis.edu/evexplorer/#!/locations/start
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useful in drawing comparisons and contrasts to other participants that did not have access to either 

home or workplace charging. 

 

Since 2015, the Company supported five EV Ride & Drive events led by local volunteers, as part of 

National Drive Electric Week.18  In 2018, Avista partnered with Forth, a non-profit EV research and 

support organization, Kendall Yards private development, auto dealerships, and other local volunteers, 

coordinating a large EV Ride & Drive event in downtown Spokane that was well attended and received.  

EV Ride & Drive events can be very positive and help raise public awareness in an enjoyable atmosphere.  

However, in terms of EVSE program participants they were the reported source of only one residential 

program application, and while clearly beneficial it is unclear to what degree they can increase EV 

adoption.     

 

During the course of the pilot, a concerted effort was also made to engage with auto dealers, including 

meetings with owners, general and sales managers, presenting at sales staff meetings, providing 

informational materials for customers, and an initial offering of $100 to sales staff for each customer 

referral.  The referral was valued as a way to raise public awareness and participation levels in the EVSE 

pilot, as well as identify residential locations of early EV adoption.  It was also hoped that by partnering 

with auto dealers in this way, EV sales would benefit by mitigating customer concerns about charging, 

while providing an additional sales incentive.19   

 

For the first 18 months of the pilot program, a total of 16 dealer referrals were received.  The incentive 

amount was increased to $200 for the remaining 18 months of the program, resulting in 22 referrals ς 

an increased number but still well short of initial expectations ς yielding a total of $6,000 paid over three 

years out of a maximum $25,000 budgeted.   Speaking with dealer management and staff, as well as 

ƻǘƘŜǊ ǎǳōƧŜŎǘ ƳŀǘǘŜǊ ŜȄǇŜǊǘǎΣ ƛǘ ƛǎ ŀǇǇŀǊŜƴǘ ǘƘŀǘ ǿƘƛƭŜ ǘƘŜ ŎǳǎǘƻƳŜǊ ǊŜŦŜǊǊŀƭ ŀƴŘ !ǾƛǎǘŀΩǎ 9±{9 ǇǊƻƎǊŀƳ 

add value and assist the sales process, they are inadequate by themselves to surmount a number of 

issues.  On the dealer side these include limited new and used EV inventory stock, high sales force 

turnover, and higher levels of work with low initial return on investment, and on the customer side 

persistent low awareness of the benefits and risk perceptions of EVs. 

 

                                                      
18 National Drive Electric Week webpage:  https://driveelectricweek.org/ 
19 The referral process involved obtaining customer consent and sending a completed form with contact information to Avista.  Upon 
receipt, Avista contacted the customer and discussed the EVSE pilot, initiated the application and EVSE installation process as chosen by 
the customer, and mailed payment for the referral in the form of a check to the respective sales representative.  

https://driveelectricweek.org/
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As a trusted energy advisor with 

strong community and customer 

relationships, it is clear that the 

local utility can play an important 

role to help overcome these 

obstacles.  However it is also 

clear that a deeper 

understanding of the issues and 

effective strategies to overcome 

them must be undertaken, in 

partnership with dealers and 

other stakeholders.   

Consequently, Avista has 

initiated consultation with Plug-

Lƴ !ƳŜǊƛŎŀΩǎ tƭǳƎǎǘŀǊ ǇǊƻƎǊŀƳ ŀƴŘ /ƘŀǊƎŜǿŀȅΣ ǘƻ ƘŜƭǇ ŘŜǾŜƭƻǇ ŀ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 

the market situation, and effective education and outreach strategies.20 

 

Installations of commercial AC Level 2 

EVSE available for public use also 

provided greater public visibility and 

awareness, especially in smaller rural 

towns where it was often the first sign of 

electric transportation options and 

charging availability for area residents. 

 

Finally, Avista continues to present 

information in a variety of forums 

including community events and 

meetings with local government, 

industry groups and non-profit 

organizations, and online public 

webinars, as a way to help raise 

education & outreach in the area.  

                                                      
20 See www.chargeway.net, and www.plugstar.com   

Figure 14:  EV Sales Issues (courtesy Plug-In America) 

Figure 15: Public EVSE installation in partnership with the City of Colville 

http://www.chargeway.net/
http://www.plugstar.com/
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The Company initially held a meeting in late 2017, with attending representatives from 15 local agencies 

and non-profit organizations serving low-income and disadvantaged individuals and community groups.  

Discussion topics included basic information about EVs and charging, ideas on how electric 

transportation could serve disadvantaged individuals and communities, and a request for proposals to 

Avista.  Six proposals were received and competitively evaluated based on cost and benefit criteria, with 

the top two proposals selected for implementation from the Spokane Regional Health District (SRHD), 

and Transitions for Women organizations.  In both cases, the Company provided an EV and an EVSE used 

for a variety of beneficial purposes including transport to critical medical services, job skills training, 

shuttle services for overnight shelter, and food deliveries.  Each organization secured insurance and 

accepted responsibility for vehicle maintenance and operational costs.   

 

Since implementation, both organizations were able to increase the volume of transportation services 

while realizing substantial cost savings.  Performance and comparisons are listed in the table below for 

the one year period from June 16, 2018 through June 15, 2019. 

 
Table 3. EV use and operational cost savings for Transitions and SRHD, June 2018 ς June 2019 

 Transitions for 
Women 

Spokane Regional 
Health District 

vehicle Mitsubishi 
Outlander (PHEV) 

Nissan LEAF  
(BEV) 

# trips 408 443 

# total miles driven  4,592 6,576 

# e-miles driven 2,672 6,576 

average passengers per trip 1.7 1.3 

gasoline fuel $354 $0 

electricity fuel $89 $219 

maintenance & repairs $100 $0 

insurance $1,332 $1,200 

average monthly operational costs $156 $118 

2018-19 EV operating cost per passenger-mile $0.24 $0.16 

2017 (non-EV) operating cost per passenger-mile $0.56 $0.89 

operational cost savings 57% 82% 

 

Additionally, the organizations reported EV educational benefits for both staff and customers using the 

EVs, as they are introduced and become accustomed to the benefits of driving and riding in EVs.  This 

has created stronger interest in purchasing EVs for personal and fleet use.  Also in the case of Transitions 

staff utilizing the PHEV, a higher percentage of electric miles driven were realized after drivers were 

Community and Low-Income 
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educated on the lower costs and emissions of driving electric, how to charge the vehicle after each trip, 

and minimize the use of gasoline. 

 

Avista staff hosted a follow-up meeting in early 2019, with attending representatives from the Spokane 

Regional Transportation Council, Spokane Transit Authority, Spokane Housing Ventures, Spokane 

Neighborhood Action Partners (SNAP), and Habitat for Humanity.  Discussion topics included a review of 

pilot activity with Transitions and SRHD, and ideas for future programs taking into account 

demographics, access, cost effectiveness, and awareness issues.  Since that time, the Spokane 

Transportation Collaborative has been formed, led by a volunteer steering committee and with broad 

stakeholder membership from area government agencies and non-profits.  This has come about due to 

heightened awareness of the need to address transportation issues among the disadvantaged, 

recognized as the most serious issue following the lack of adequate housing.  Avista intends to 

collaborate with this group to most effectively understand transportation issues and how they may be 

addressed with future electric transportation and mobility programs supported by Avista, and in 

ǇŀǊǘƴŜǊǎƘƛǇ ǿƛǘƘ ǘƘŜ /ƻƭƭŀōƻǊŀǘƛǾŜΩǎ ƳŜƳōers.  Additionally, Avista may work with local government and 

non-profits outside of the Spokane area with future experiments and programs tailored to their needs 

and opportunities.  This may include building on the success of the pilot with SRHD and Transitions by 

utilizing a similar approach with other organizations, partnering with organizations such as Envoy for car-

sharing services, and other innovative programs that may be developed. 

 

With regard to providing greater availability of public EVSE in low-income communities and multiple unit 

dwellings, this may become a more effective benefit when the EV market matures over time and more 

low-income residents drive EVs.  However, EVSE in these communities that may be utilized by EVs on 

transportation network company (TNC) platforms such as Uber and Lyft, could arise more quickly as a 

way to provide direct or indirect benefits.  The EVSE pilot has also shown that public EVSE installed in 

smaller rural towns with relatively high percentages of low-income populations such as Rosalia, Garfield, 

and Palouse, are broadly supported by the local community and are felt to provide benefits in terms of 

public visibility and business development as part of the regional public EVSE infrastructure, as well as 

in many cases the lone public EVSE available for early EV adopters in those municipalities.   
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Two different online surveys were utilized, each tailored for residential and commercial customers ς the 

first to gauge experience with the installation process and EV purchase decisions immediately following 

EVSE installation, and the second to solicit periodic feedback at semi-annual intervals, primarily related 

to EV and EVSE use and satisfaction.  A final set of surveys was completed in July, 2019, following 

ŎƻƴŎƭǳǎƛƻƴ ƻŦ ǘƘŜ Ǉƛƭƻǘ ǇǊƻƎǊŀƳΩǎ 9±{9 ƛƴǎǘŀƭƭŀǘƛƻƴǎΦ   Overall response rates were as follows, with much 

higher response rates from residential compared to commercial customers. 

 
Table 4: Customer survey response rates 

Customer Post-installation Semi-Annual  

Residential 47% (107 of 226) 56% (362 of 646) 

Commercial 13% (11 of 86) 35% (60 of 170) 

 

General comments and suggestions were very positive overall and encouraged more utility programs 

beyond the EVSE pilot.  Constructive feedback included the need for more public charging (especially DC 

fast charging) and workplace charging, informing and educating the public about EVs and EVSE locations, 

and improving the reliability and user experience of networked EVSE.   

 

One notable result was the difference in residential customer satisfaction of networked EVSE compared 

to non-networked EVSE in the quarterly survey.  98% of customers were satisfied with their non-

networked EVSE (either satisfied or very satisfied) and 0% were dissatisfied, compared to 85% 

satisfaction and 6% dissatisfaction with the networked EVSE.  This was due to the more hassle-free 

experience of non-networked EVSE that do not have connectivity issues, occasionally resulting in 

troubleshooting with the EVSP and EVSE manufacturer.   

 

 
Figure 16: Residential Customer EVSE Satisfaction 
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While all but one residential customer was satisfied with their non-networked EVSE, eight of these 61 

customers indicated that they would like to know how much electricity their EV was using.  Electricity 

consumption may be approximated given the miles driven and an estimated efficiency of 3.3 kWh/mile, 

but cannot be captured and reported to the customer by a non-networked EVSE. 

 

When contacted by phone, 11 of 21 commercial customers indicated they would be interested in 

installing more EVSE at the same or different facility locations.  Survey responses from employers that 

installed workplace charging (16 responses out of 87 customers with workplace charging) also showed a 

significant increase in EV adoption at their facilities.  From this sample with a total of 43 workplace ports 

installed, employees commuting with EVs increased from 31 to 63, a 203% increase over an average 1.4 

year period, significantly higher than the average increase of overall EV adoption.  Even with this 

relatively small sample of survey responses, it supports strong evidence in the literature that workplace 

charging is an effective catalyst for EV adoption, as it can άƳŀƪŜ ƻǊ ōǊŜŀƪέ ǘƘŜ 9± ǇǳǊŎƘŀǎŜ ŘŜŎƛǎƛƻƴ for 

many commuters.21 

 

 
Figure 17. Workplace EVSE and User Growth by Quarter as reported in Quarterly Surveys 

 

Other highlights of the customer surveys are illustrated in the charts that follow. 

 

                                                      
21 See USDOE workplace charging challenge documentation, https://afdc.energy.gov/fuels/electricity_charging_workplace.html 
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EVSE installations were completed through June 30, 2019 as follows: 

  
  

Max Allowed 
Port 

Installations 

# Ports 
Installed & 
In-Service 

ACL2 Residential 240 206 

ACL2 Workplace\ Fleet\ MUD 175 167 

ACL2 Public 60 46 

DC Fast Chargers (DCFC) 7 7 
Table 5:  Overall EVSE Installations 

Note that in some cases commercial AC Level 2 EVSE may be used for more than one purpose (workplace, 

fleet, MUD, or public).  For example, an employer may have workplace charging for employees installed 

in a location that is also available to the public, or shared with a fleet vehicle.  However, the installed 

and in-service ports listed above reflect primary use.  AC Level 2 EVSE installed in residential locations 

were rated between 24 and 32 amps, supplied by a 40A, 240VAC protected circuit to a standard NEMA 

6-50 receptacle.  This allowed EVSE with plug options to be wall-mounted nearby and plugged into the 

receptacle, rather than hard-wired to the circuit in the junction box.  AC Level 2 EVSE installed in 

commercial locations were rated from 30A to 50A, supplied by 208/240 VAC with dedicated circuit 

breaker protection, and mounted either directly on building walls or on pedestals usually anchored to 

small concrete pads in the ground.  At DC fast charging sites, DCFC rated at 50kW and backup AC Level 2 

EVSE were supplied by three-phase, 480 VAC from 

a dedicated 225kVA transformer, service meter and 

supply panel, with capacity for future expansion of 

an additional 150kW DCFC and dispenser units.  

Avista coordinated installations with two local 

electrical contractors, GEM Electric and Colvico that 

performed the work and coordinated local 

permitting and inspections.   Contractor 

performance was excellent and proved to be a 

critical factor in meeting cost and customer 

satisfaction goals. 

 

The heat maps below show the geographic dispersion and concentrations of commercial EVSE (blue) and 

residential EVSE (red), in eastern Washington and concentrated in the area surrounding Spokane.  

Installations and Costs  

Figure 18: Fleet installation 
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In the Spokane region, commercial 

EVSE are somewhat concentrated in 

the downtown core, with some 

dispersion to the east and north, 

while residential EVSE is more 

concentrated to the south.  DCFC on 

the north, east and west outskirts, 

and in the downtown core support 

longer distance travel on the I-90 and 

US-395/195 corridors, as well as 

rapid urban charging.  South of 

Spokane in the Palouse region, two 

DCFC installs and multiple workplace, 

fleet and public installations have 

begun to enable EV driving between 

Spokane, Pullman and Clarkston.  To 

the north, Avista partnered with site 

hosts to install public charging in 

Deer Park and as far north as Colville.   

In order to gain operational 

experience and comparison of costs, 

reliability, and customer satisfaction, 

a variety of EVSE from six different 

manufacturers were utilized.  This 

included both non-networked and 

networked EVSE with direct load 

management (demand response, V1G) capability.  Networked EVSE communications were implemented 

Ǿƛŀ ²ƛCƛ ǳǎƛƴƎ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ƛƴǘŜǊƴŜǘ ōǊƻŀŘōŀƴŘ ŎƻƴƴŜŎǘƛƻƴΣ ƻǊ ŎŜƭƭǳƭŀǊ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŘŜǇŜƴŘƛƴƎ ƻƴ 

location and site host capabilities.   

The remainder of this section details EVSE installations and upfront costs categorized by residential, 

commercial, and DC fast charging locations.  The subsequent section provides reliability results for the 

various EVSE, as well as estimates of ongoing operations and maintenance (O&M) costs.  

Residential AC Level 2 EVSE 
 

The following chart shows the status of residential EVSE installations as of September 15, 2019, by 

categories of Battery Electric Vehicle (BEV) Commuter, BEV Non-Commuter, Plug-In Hybrid Electric 

(PHEV) Vehicle Commuter, and PHEV Non-Commuter. 

 

Figure 19: EVSE installed in E. Washington 

Figure 20: EVSE installed in the Spokane area 
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Figure 21:  Residential AC Level 2 EVSE Installs by Driver Categories 

At least 20 installations in each category are desired in order to attain a significant level of statistical 

sampling of the overall EV population, for both installation cost and load profile analysis.  This has been 

met and exceeded for both BEV and PHEV commuter categories, and marginally met for the non-

commuter category.  Note that in addition to 206 residential EVSE installations currently in service, 20 

additional installations were completed over the course of the pilot and later removed as customers 

moved to a new residence.  This is expected to continue at a rate of approximately 5% each year.   

 

Residential customers were eligible for participation if they were an Avista electric customer in 

Washington, and either owned an EV or could show ownership pending delivery.  After reviewing 

application information and verifying eligibility, Avista staff discussed the program and process with the 

customer, prior to coordinating installation with a 3rd party contractor.  A positive customer experience 

and lower operational costs were achieved by streamlining effective communications and process steps, 

reducing lead-time and minimizing customer inconvenience.  For example, application review and 

approvals for installation in most cases occurred within one business day, and an onsite quote and EVSE 

installation was completed in a single site visit at a time and date chosen by the customer.  A large 

number of installations were relatively low cost, when the supply panel was located in an unfinished 

garage and the EVSE could be located near the panel with a short and direct circuit run.  On a few rare 

occasions, existing 240V circuits and receptacles were available for use, incurring zero or very minimal 

premises wiring costs. 

 

A total of 84 out of 310 residential customers (27%) approved for installation withdrew from the 

installation process for a variety of reasons.  The most common reason was due to higher cost estimates 

from required supply panel upgrades, work interferences from household goods, and/or extensive 

installation work involving long circuits requiring many floor and wall penetrations, disturbance and 

restoration of finished interiors, outdoor conduit, etc.  In these situations, roughly 65% of customers 
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opted to withdraw, while the remaining 35% chose to proceed with the installation.  This required the 

customer to bear a higher percentage of the premises wiring costs, above and ōŜȅƻƴŘ !ǾƛǎǘŀΩǎ ƳŀȄƛƳǳƳ 

reimbursement of $1,000.  The data shows that 17 out of 226 installations with more extensive work 

averaged $2,659 total installation costs, compared to the average of $1,197 for all other installations ς 

an average increase of 122%.  Older homes with 100A to 125A service generally required panel upgrades, 

while homes built since the 1970s typically had 200A or larger service panels that did not require 

upgrades to install a new 40A, 240V circuit for the EVSE.  Based on conversations with area electricians, 

an estimated 30% of residential homes in the region have older service less than 200A capacity.   

 

Overall, residential installation costs met expectations and compare well to costs reported in other 

studies, even with several years separation between them. 22,23,24 

 

Program/Study Timeframe Installations Average Install Cost  

Avista EVSE Pilot 2016 - 2019 226 $1,316 

EV Project 2012 - 2013 4,777 $1,375 

EPRI 2009 - 2013 214 $1,613 

North Carolina 2011 - 2012 143 $1,098 
Figure 22:  Comparison of Average Costs for Residential Installations (not including EVSE) 

Geography is a significant cost factor.  For example, the Idaho National [ŀōƻǊŀǘƻǊȅΩǎ 9± tǊƻƧŜŎǘ ǊŜǇƻǊǘŜŘ 

2013 average installation costs of $1,828 in Los Angeles, $775 in Atlanta, and $1,338 in Seattle. 

 

In comparing networked -vs- non-networked EVSE installs, networked installations including the cost of 

the EVSE averaged $2,427, which is 38% higher than the non-networked average of $1,775.  The majority 

of the cost differential is accounted for by the EVSE itself, with networked EVSE more than double the 

cost of non-networked EVSE.  Premises wiring costs were not significantly different.  Direct installation 

costs for networked EVSE were slightly higher, reflecting the additional work to establish EVSE 

ŎƻƴƴŜŎǘƛǾƛǘȅ Ǿƛŀ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ²ƛCƛ, and typically requiring a boost to the WiFi signal in the garage using 

a repeater or wireless access point.   

 
Table 6: Average Residential EVSE Install Costs 

 
Premises 
Wiring 
Cost 

Direct 
Installation 
Cost 

Total 

Installation 

Cost 

EVSE Cost 

Total Costs 

Installation 

+ EVSE 

Networked (110) $946 $438 $1,384 $1,061 $2,445 

Non-networked (113) $1,016 $237 $1,251 $515 $1,766 

 

 

                                                      
22 Brazell, M., Joffe, E., & Schurhoff R. Electric Vehicle Supply Equipment Installed Cost Analysis. Electric Power Research Institute (2013) 
23 Idaho National Laboratory. How do Residential Level 2 Charging Installation Cost Vary by Geographic Lecation. The EV Project (2015) 
24 bƻǊǘƘ /ŀǊƻƭƛƴŀ 9± ¢ŀǎƪŦƻǊŎŜΣ άtƭǳg-ƛƴ 9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜ ό9±ύ wƻŀŘƳŀǇ ŦƻǊ bƻǊǘƘ /ŀǊƻƭƛƴŀΦέ όнлмоύ 
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Given the relatively early stage of the market, EVSE purchase costs may decrease somewhat over time 

with market competition, product improvements and higher production volumes, while installation costs 

could be expected to gradually rise with labor and material cost inflation.  Changes to new building codes 

could also result in lower lifecycle costs, for future EVSE installations. 

 

The box plots below show the distribution of residential installation costs (not including the cost of EVSE), 

when utilizing networked and non-networked EVSE.25 

 

 

 
 

                                                      
25 .ƻȄ Ǉƭƻǘǎ ŀǊŜ ŀ ǳǎŜŦǳƭ ǿŀȅ ǘƻ ǾƛǎǳŀƭƛȊŜ Řŀǘŀ ŀƴŘ ǎǘŀǘƛǎǘƛŎǎΣ ƎǊƻǳǇŜŘ ōȅ άǉǳŀǊǘƛƭŜǎέ ƻŦ ǘƘŜ Řŀǘŀ ǎŜǘΣ ŀƴŘ ƻǳǘƭƛŜǊ Řŀǘŀ ǇƻƛƴǘǎΦ  See Appendix 
C for a more detailed explanation of box plot information. 



 

Avista EVSE Pilot Final Report  33 

Commercial AC Level 2 EVSE 
 

The following chart shows the number of commercial EVSE installations in service as of September 15, 

2019, by usage categories of workplace, public, fleet, and MUDs.  

 

Typically, significant outreach and 

consulting work is required to inform 

and assist commercial customers to 

install an AC Level 2 EVSE on their 

property.  Some of the concerns 

include the projected cost of electricity 

billing, liability risks, and potentially 

adverse impacts on parking areas that 

are highly utilized.  In some cases, 

contract negotiations and revisions to 

the customer site agreement resulted 

in significant legal work and delays.  

The application through installation 

process for commercial customers was 

very similar to the residential process, but usually involved one or more site visits and consultations 

before installation.  The number of ports installed at each facility was limited by estimated initial 

utilization and growth, averaging 2.5 ports per site.  In the case of public installations, the proximity of 

amenities for drivers and geographic location was also taken into consideration in the application and 

approval process, as well as guiding outreach efforts.  For example, EVSE at urban shopping centers and 

the smaller towns throughout eastern Washington were identified as highly desirable locations, in order 

to establish an effective regional network of public EVSE.  

 

Compared to residential EVSE, a higher percentage of 

commercial customers withdrew from the installation 

process (39%), and no commercial EVSE have been removed 

after installation.  Again, the most common reason for 

withdrawal was due to higher installation costs where the 

maximum reimbursement of $2,000 for premises wiring per 

port was reached and additional costs beyond the 50% 

reimbursement were borne by the customer.  Prior to 2018, 

the Company was allowed to reimburse commercial 

customers 80% of premises wiring costs between the meter 

and the EVSE, up to a maximum of $2,000 per port 

connection.  This was reduced to a rate of 50% for installs in 

2018 and 2019, up to the same maximum of $2,000 per port.  

This change did not significantly change the rate of Figure 24: Public EVSE installation 

Figure 23: Commercial AC Level 2 EVSE Ports Installed, by Usage Categories 
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withdrawals, as the $2,000 limit was the more important factor.  Public installations saw the highest rate 

of withdrawals at 55%, correlating with the higher costs associated with many public installations 

requiring extensive trenchwork and electrical upgrades.  For example, an installation with a very 

desirable location at a large shopping mall was withdrawn, as concrete and asphalt trenchwork over one 

hundred feet into the parking lot and electrical upgrades in the building resulted in an estimated cost of 

more than $15,000 per EVSE port ς more than double the average cost of other networked installations 

as shown in the table below.   

 

Category 
# of 
sites 

Premises 

Wiring 

Cost 

Direct 

Install 

Cost 

Total 

Install 

Cost 

EVSE 

Cost26 

Total 

Cost EVSE + 

Installation 

Avg. # 

Ports 

Total 

Cost per 

Port 

All 86 $5,270 $3062 $8,332 $4,781 $13,113 2.5 $5,544 

Networked 59 $5,703 $3,195 $8,898 $5,963 $14,861 2.5 $6,035 

Non-
networked 

27 $4,325 $2,771 $7,095 $2,198 $9,293 2.4 $4,472 

Table 7:  Average Commercial EVSE Install Costs 

Significant cost variations resulted from a wider variety of site conditions and installation configurations, 

compared to residential installations.  Networked cost per port at $6,035 were 35% greater than non-

networked cost per port at $4,472.  Lower costs correspond to simpler installations avoiding service 

upgrades and trench work, lower cost non-networked EVSE, and/or a smaller number of port 

connections.  Conversely, higher costs are associated with multiple installed EVSE ports and networking, 

required upgrades to supply panels, and/or trench work, which in many cases involved concrete and 

asphalt trenching and restoration.  Wall mounted EVSE often 

require no trench work and reduce the length of both above-

ground and underground conduit, while pedestal mounted 

EVSE typically require trench work and relatively longer 

conduit lengths.  In order to minimize costs, where practical 

the Company advised customers to utilize wall mounted EVSE, 

and to minimize trenching and conduit lengths by locating the 

EVSE as close as practicable to the nearest power source.  

Other factors such as desired location, accessibility, 

communication signal strength, and safety concerns are also 

of high importance when consulting with commercial 

customers on EVSE siting and configuration determinations.  

The Company also advised customers to install additional 

conduit where feasible, to allow for inexpensive future 

expansion. 

                                                      
26 EVSE cost includes pedestal hardware, where applicable 

Figure 25: Low-cost wall mounted EVSE in mall 
parking garage 
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The box plots below show the distribution of costs and ports installed for networked and non-networked 

commercial installations.   
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The Company installed 46 charging ports used primarily 

for public access.  In addition, some workplace, fleet and 

MUD site hosts agreed to open their EVSE for public use, 

listing them on station locator services such as 

PlugShare, Google Maps and Chargeway.  A review of 

these locator services and the USDOE Alternative Fuels 

Data CenǘŜǊ ǎƘƻǿ ǘƘŀǘ ŀ ǘƻǘŀƭ ƻŦ ту ƭƻŎŀǘƛƻƴǎ ƛƴ !ǾƛǎǘŀΩǎ 

service territory have EVSE available for public use 

(J1772 connectors), 23 of which (29%) are owned and 

ƻǇŜǊŀǘŜŘ ƻǳǘǎƛŘŜ ƻŦ !ǾƛǎǘŀΩǎ ƴŜǘǿƻǊƪΦ 

 

 

 

DC Fast Charger EVSE 
 

The Company installed DCFC at seven different sites in the region from early 2017 through mid-2019, 

with a goal of establishing the first backbone of public DCFC in eastern Washington that begins to enable 

rapid charging in urban core areas and longer distance EV trips.  In consultation with WSDOT and 

outreach with local EV owners, strategic locations were identified along the I-90 and US-395/195 travel 

corridors and in the downtown of Spokane, the largest population center in the region.  Specific sites 

within these areas were then determined based on criteria of cost, site host partnership, easy access, 

and nearby amenities.27  Two of the sites are positioned east and west of SpokaneΩǎ ƻǳǘǎƪƛǊǘǎ on the I-

90 corridor, one north of Spokane on US-395, and two to the south on US-195 in Rosalia and Pullman.  

Future DCFC installations may extend both east-west along I-90 eventually linking Idaho to western 

Washington, and north-south along US-395/195 linking Canada to southeast Washington and Oregon, 

along with adequate buildout in urban areas proportional to localized EV adoption. 

 

                                                      
27 CƻǊ 5/C/ ǎƛǘƛƴƎ ōŜǎǘ ǇǊŀŎǘƛŎŜǎΣ ǎŜŜ tŀŎƛŦƛŎ Dŀǎ ϧ 9ƭŜŎǘǊƛŎΩǎ 9tL/ Cƛƴŀƭ wŜǇƻǊǘΣ !ǇǇŜƴŘƛȄ ! ς Expert Siting Criteria  
https://www.pge.com/pge_global/common/pdfs/about-pge/environment/what-we-are-doing/electric-program-investment-
charge/EPIC-1.25.pdf 
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Figure 26: Avista and non-Avista EVSE stations available for 
ǇǳōƭƛŎ ǳǎŜ ƛƴ !ǾƛǎǘŀΩǎ ²ŀǎƘƛƴƎǘƻƴ ǎŜǊǾƛŎŜ ǘŜǊǊƛǘƻǊȅ 

https://www.pge.com/pge_global/common/pdfs/about-pge/environment/what-we-are-doing/electric-program-investment-charge/EPIC-1.25.pdf
https://www.pge.com/pge_global/common/pdfs/about-pge/environment/what-we-are-doing/electric-program-investment-charge/EPIC-1.25.pdf
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Avista adopted a standard DCFC site 

design that included an operational 

50kW DCFC with both CCS and 

CHAdeMO connectors, and a dual-port 

AC Level 2 EVSE as a backup.  The 

installations required adequate 

property easements and/or site 

agreements for future expansion, 

supplied by three-phase, 480 VAC from 

a dedicated 225kVA transformer, 

service meter and supply panel, and 

conduits with capacity for low-cost 

future expansion of an additional 

150kW DCFC and dispenser units.   

 

The Company has found public DCFC 

installations to pose a number of 

challenges requiring extra attention 

compared to public AC Level 2 

installations.  Most notable of these 

was the site acquisition process, which 

did not significantly impact direct costs 

but required substantial effort and caused extended delays.  Much of this was similar to AC Level 2 

installations in terms of overcoming ǎƛǘŜ ƘƻǎǘǎΩ unfamiliarity and perceived risks of various issues, 

multiplied by the added concern of committing to long-term obligations in the form of property 

easements and access agreements. 
 

Lead times for DCFC site design, equipment procurement and construction were generally under two 

months, while site acquisition including contracts and property easements typically took six months or 

longer to complete.  Three of the seven DCFC sites were constructed on private property with relatively 

shorter site acquisition lead times, and no payments required for access easements.  The remaining four 

were constructed on public property, in collaboration with local government and transit agencies. 
 

Figure 27: DCFC sites in eastern Washington, September 2019 (courtesy Plugshare) 
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Figure 28:  example DCFC standard site design 

 

DCFC costs averaged $128,084 per site.  The 

availability of nearby three phase power and 

minimized construction disturbances such as 

asphalt and concrete tear-out and restoration 

are the most important factors in reducing 

costs.  Cost components for DCFC sites were 

distributed as follows: 

Table 8: DCFC average cost categories 

Construction Labor & Materials 49% 

Utility Labor & Materials 19% 

EVSE 25% 

Project Management 3% 

Engineering & Design 3% 

Site acquisition 2% 
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EVSE reliability is critical to customer satisfaction and EV adoption, especially in the early stages of 

market development where relatively few EVSE may be available.  Particularly for DC fast charging sites, 

EV drivers may be travelling longer distances and depend upon them to provide a charge when needed, 

or face long trip delays.  In addition, the frequency, type and severity of problem occurrences, and lead 

times to correct them directly influence operations and maintenance (O&M) expenses.  Specific 

knowledge and operational capabilities are required to maintain EVSE reliability at satisfactory levels 

while minimizing O&M expenses.  These include prompt and effective problem notifications, response 

and repair lead times with both remote and onsite technician resources, optimized spare parts 

inventories, etc.   

 

The following table shows the percent uptime categorized by the type and number of deployed EVSE 

ports, as tracked from October 28, 2018 through September 18, 2019.  άUptimeέ is defined as the 

percent of time that the EVSE is able to pǊƻǾƛŘŜ ŀ ŎƘŀǊƎŜΣ ŀǎ ƻǇǇƻǎŜŘ ǘƻ ǘƘŜ ǇŜǊŎŜƴǘ άŘƻǿƴǘƛƳŜέ ǿƘŜǊŜ 

the EVSE is in a faulted condition and unable to provide a charge.  These faulted conditions include a 

number of possible software and hardware or physical problems with the EVSE itself, as well as possible 

network issues in the case of networked EVSE. 

 

 EVSE Type 
Networked 

ports /  
% uptime 

Non-
networked 

ports /  
% uptime 

Overall 
%  

uptime 

WiFi 
connections 

Cellular 
connections 

% 
networked 

%  
online 

Residential L2 
92 

98% 
114 

99.9% 
99% 92 0 45% 66% 

Workplace L2 
84 

78% 
43 

100% 
85% 11 26 66% 86% 

Fleet L2 
10 

83% 
12 

99.3% 
92% 1 5 45% 85% 

MUD L2 
10 

68% 
8 

100% 
82% 2 4 56% 76% 

Public L2 
37 

78% 
9 

100% 
82% 1 24 80% 86% 

Public DCFC 
7 

87% 
- 87% 0 7 100% 87% 

 

Reliability and O&M Costs  
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Note that networked EVSE in residential locations were able to maintain a high uptime of 98%, despite 

being online with the network only 66% of the time due to issues maintaining connectivity via 

homeowner WiFi, which were isolated to the EVSE.  This is because the networked residential EVSE were 

programmed to initiate a charge upon physical connection to the vehicle regardless of network 

connectivity, rather than requiring user authentication via smartphone app or RFID card, as was the case 

for EVSE located outside the home.  This was possible for residential EVSE as the user was known and 

captured by default in the dataset for home charging, and no payment transaction was needed to initiate 

a charge.  Other networked commercial AC Level 2 performed at 68% to 83% uptime, and DCFC at 87%.  

Non-networked EVSE were highly reliable in all respects, at 99% uptime or greater across all locations.   

 

While many customer ratings on Plugshare.com  are positive for EVSE both on and outside AvistaΩǎ 

network in the region, negative ratings and comments indicating the customer was unable to get a 

charge or was otherwise inconvenienced are common, rather than the rare exception.  While industry 

standards have not been well established for uptime performance of AC Level 2 EVSE, consultation with 

EV drivers indicate that high uptime per site location and fast problem resolution are necessary to 

achieve customer satisfaction and support EV growth in the mainstream market segment ς perhaps 95% 

or greater, especially for DCFC sites.  This is because the EV fueling experience must meet or exceed the 

fueling experience of gasoline vehicles that customers are accustomed to.  Consider from personal 

experience upon arriving at a gas station, how often fuel is unavailable at any of the gas pumps ς and if 

that were to occur, how likely it would be to quickly arrive at another nearby gas station with fuel 

availability.  The state of EVSE uptime in the 85% range ς particularly at sites where there is no EVSE 

redundancy ς must be dramatically improved to meet or exceed this standard.  Thus far, only non-

networked EVSE have demonstrated this level of performance outside the home.   

 

Problem Tracking and O&M Expenses 

Determining the priority of problem resolution depends upon 

the severity of the issues involved, which may include station 

type, redundancy or backup in the immediate vicinity, 

utilization, and public visibility.  Based on these factors Avista 

developed a matrix to help categorize and prioritize issues, 

establish goals including corrective lead times, and efficiently 

deploy resources in partnership with the EVSP, equipment 

manufacturers and local electrical technicians.  Safety issues and 

EVSE that are unable to provide a charge fall into the Urgent, 

High or Medium categories, while EVSE that have minor issues 

but can still safely provide a charge fall in the Low category. 

 

Starting in the fall of 2018, Avista staff recorded problems that could not be immediately or remotely 

resolved, tracking details from the initial time of notification through the full resolution process.  The 

Problem 
severity 

Criteria 

Urgent 
DCFC or high-use L2 EVSE, no 
site redundancy, safety issue 

High 
High use, remote location, 
limited redundancy  

Medium 
Lower use, adequate 
redundancy 

Low Safely functional, minor issue  

Table 9: Prioritization matrix for EVSE issues 

http://www.plugshare.com/
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table below summarizes these issues according to problem severity, including issues at both DCFC and 

AC Level 2 installation sites. 

 

Problem 

severity 

# of 

occurrences 

Annual rate of 

occurrences 

per port 

Mean time to 

repair (days) 

Average cost 

to repair 

Urgent 24 0.2 15 $214 

High 45 0.4 18 $481 

Medium 39 0.3 48 $553 

Low 12 0.1 104 $224 
Table 10: Problems tracked from October 28, 2018 through September 18, 2019 

Problem notifications were received by the EVSP, email or phone calls from site hosts and EV drivers, 

periodic on-site inspections and testing, as well as online monitoring of sources such as PlugShare.com 

and a local EVSE Facebook group.  In addition to these recorded occurrences, approximately five issues 

per week for networked EVSE are resolved by power cycling the unit (similar to rebooting a computer), 

and an unknown number of other minor problems and resolutions may occur without notification to 

Avista.28  Note that repair costs listed above are inclusive of both warranty and non-warranty labor and 

material costs, whether direct or indirect in resolving the problem.29  This results in an annual cost of 

$435 per port overall for unplanned problem resolutions.  Out of 120 recorded problems, 101 were 

attributed to sites with networked ACL2, six to non-networked ACL2, and 19 to DCFC.  Thus far, most of 

these problems were partially if not entirely covered under warranty.  Many also appear to be issues 

related to new technology and systems that may be eliminated over time, as EVSE and network service 

quality matures and improves.  As there is limited EVSE performance history, it is uncertain how problem 

types and occurrence frequency may change as the equipment ages.  Considering the experience gained 

thus far and consulting with industry experts on problem types, frequency and expected costs, the 

following table reflects best estimates of annual O&M costs per port.  This includes maintenance of 

various EVSE and sites over their assumed 10-year service life, assuming moderate to high utilization and 

some product improvements and scaling efficiencies as the market matures.30 

 
Table 11: Annual O&M costs per port, not including electric billing 

 DCFC Commercial  

Networked ACL2 

Commercial Non-

Networked ACL2 

Residential  

Networked ACL2 

Residential Non-

Networked ACL2 

Network support &  

communications 
$250 $250 $0 $250 $0 

                                                      
28 Annual inspections and testing are recommended for each EVSE site, to help uncover unreported problems with the EVSE and site 
conditions 
29 Technician labor time on-site, travel costs, and equipment or component purchases are examples of direct costs, while office staff time 
on the phone to help discuss and resolve a problem is an example of indirect cost.   
30 Not inclusive of spares inventory costs and electric meter billing, net of any user fees applied by the site host.   
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Planned 

maintenance 
$400 $0 $0 $0 $0 

Unplanned repairs 

(non-warranty) 
$500 $100 $35 $70 $5 

Minor connectivity 

restoration 
$50 $50 $0 $50 $0 

Tests & inspections $200 $100 $50 $0 $0 

Site & access 

maintenance31 
$150 $100 $100 $0 $0 

Total $1,550 $600 $185 $370 $5 

 

In addition to these O&M expenses, the table below lists average electric usage and meter billing for 

utility energy charges by EVSE type, as derived from recent EVSP data.   

 
Table 12: Average electricity usage and billing by EVSE type, per port (March 2019 ς May 2019) 

EVSE type 
kWh per 

session 

Monthly 

sessions  

Monthly 

kWh  

Energy 

billing rate32 

per kWh 

Monthly 

energy 

billing  

Residential ACL2 7.6 20.8 158.0 $ 0.090 $ 14.20 

Workplace ACL2 8.8 16.6 145.9 $ 0.105 $ 15.30 

Fleet ACL2 12.2 17.4 212.6 $ 0.105 $ 22.30 

Public ACL2 9.4 9.6 90.4 $ 0.105 $  9.50 

MUD ACL2 9.1 0.7 6.4 $ 0.105 $  0.70 

DCFC 13.6 9.8 131.1 $ 0.105 $ 13.80 

 

No basic charge is included in these figures, as residential and commercial ACL2 EVSE are supplied by 

existing meters and panels, and no offsets are included here for commercial ACL2 and DCFC that may 

collect user fees.  If separately metered, a basic charge of $20 per month would apply to commercial 

customers.  In addition, some demand charges may be expected for larger commercial ACL2 installations 

                                                      
31 Site and access maintenance activities such as snow plowing and trash removal may already be in place and are not necessarily additive 
with the installation of the EVSE  
32 Based on current Avista rate schedules 001 for residential service and 011 for commercial general service.  Does not include basic charge, 

tiered energy charges (which may apply when added to other building loads), or demand charges for schedule 011. 
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with higher utilization, when demand from all metered loads at a given facility rise above the 20kW 

threshold established in Schedule 011.   

 

DCFC sites are equipped with dedicated service and meters that supply both a 50kW DCFC and a dual 

port ACL2.  Review of 107 monthly meter bills for DCFC results in the following minimum and maximum 

total bills for all sites since commissioning from January 2017 through June 2019, and more recent 

average monthly billing from January through June of 2019. 

 
Table 13: DCFC monthly meter billing, all sites (Jan 2017 ς June 2019) 

 
kWh energy 

consumption 

kW peak 

demand 

basic 

charge 

energy 

charge 

demand 

charge 
total bill  

% demand 

charge 

effective 

energy 

charge per 

kWh 

min 80 0 $18 $     9.29 $    0 $  27.29 0% $0.34 

max 1058 66.2 $20 $126.35 $300.04 $446.39 67% $0.42 

avg 473.9 43.6 $20 $   56.81 $161.84 $238.65 64% $0.63 

 

Note the % demand charge of the total bill, and the effective energy charge per kWh which is determined 

by dividing the total bill by the kWh energy consumption.  Although the average 64% demand charge 

coincides with a $0.63/kWh effective energy charge, in one month a DCFC site saw only a few DCFC 

sessions resulting in low energy consumption, 86% demand charges out of the total bill of $224, and an 

effective energy charge of $1.87/kWh.  This shows that in cases of lower utilization a competitive user 

fee of $0.35/kWh cannot recover electric billing costs, let alone other O&M expenses estimated at 

$1,550 per year to maintain service, and installation capital averaging over $128,000 per DCFC site.  

Under current commercial rates and average DCFC charging sessions at 13.6 kWh and $5.05 user fee 

revenue, breakeven with electric billing occurs at 55 charge sessions per month, and at 91 sessions per 

month to cover both billing and other O&M expenses.  This is far higher than even the most utilized DCFC 

in the network at Kendall Yards, now averaging 27 charges per month.  These results highlight the need 

to consider alternative utility rate schedules to support DCFC operated by Avista and other customers, 

as DCFC are a critical coƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ άŎƘŀǊƎƛƴƎ ǇȅǊŀƳƛŘέ, essential for sustained EV adoption 

and market transformation. 

 

Analysis of Problem Types and Solutions 

As stated earlier, the rate of non-networked EVSE problems was dramatically less than networked EVSE, 

with simpler designs allowing for faster repairs and less external support.  Electronic components, 

network communication, and software integration issues in networked EVSEs require more technical 

training and/or assistance from EVSE manufacturers and EVSPs, either remotely or onsite in more 

problematic cases.  Further analysis of tracked issues shows that software integration and component 

failures were the most common, followed by remote start integration issues.  These three types 
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represented 77% of all tracked issues, with 76 of the 78 problems in these categories involving 

networked EVSE.   

 
Figure 29. EVSE Issues Tracked 

A few problems involved defective manufacturing and design, preventable with improved production 

methods and processes.  Examples include improper seating of electronics connectors, insecure 

compression sleeve fittings for charging cables, or outsourced subcomponents that do not meet required 

working tolerances.  

An example of an avoidable manufacturing issue, and 

how it can create additional problems, is found in the 

case of a J1772 connector.  As shown, the distance 

from the back plate to the latch inner surface is within 

tolerance and will properly connect with a vehicle or 

EVSE holster.  A very small reduction in this required 

distance however, prevents the connector from fully 

clipping into the EV connector pins when plugged in, 

and does not allow a charge to initiate.33  Additionally 

ǿƘŜƴ ǘƘŜ ŎƻƴƴŜŎǘƻǊ ƛǎ ƛƴǎŜǊǘŜŘ ƛƴǘƻ ǘƘŜ ǎǘŀǘƛƻƴΩǎ 

connector holster, the retainer latch will not fully clip 

in and the user may apply extra force causing it to 

fracture or to damage the connector pins on the EV 

itself.  This is a good example of product defects that 

are expected to be resolved and eliminated with 

                                                      
33 SAE 1772 standard available at https://www.sae.org/standards/content/j1772_201001/  
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https://www.sae.org/standards/content/j1772_201001/
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improved manufacturing and best practices in the field. 

Accidents and vandalism causing physical damage 

were infrequent, but did occur on a few occasions.  

Examples include cut connector cables, damaged 

user interface screens, and in one case a tour bus 

backing into the EVSE, narrowly missing the 

protective bollard.  Vandalism occurred at three 

different sites, all open to the public and not 

activiely monitored.  Vandalism is somewhat 

dependent on location and site conditions and may 

be difficult to prevent, although video monitoring 

with some warning signage can help mitigate risk.  

Effective problem resolution, root cause analysis 

and systematic improvement for prevention 

requires full engagement and coordination 

between the manufacturer, EVSP and network 

manager. 

In terms of problem resolutions, power cycling 

addressed 33% of the total tracked issues, however 

on many occasions problems resurfaced and 

multiple power cycles were required, and in 35% of 

cases another solution was needed to permanently 

resolve the issue.   

22% of solutions involved component repair or replacement, and 13% full EVSE replacement.  In one 

example, a DCFC had persistent connectivity issues that were temporarily resolved by power cycling, 

which would resurface within a few days.  Working with the manufacturer and EVSP over multiple site 

visits, the EVSE was checked for properly seated connections, acceptable cellular signal strength, and 

excessive EMF interference.  Ultimately, a faulty modem was identified as the root cause of the issue 

and, once replaced, permanently resolved the issue.   

Figure 31. EVSE damage from a vehicle impact 
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Figure 32. Avista network tracked issues resolution 

Configuration and software updates accounted for 18% of solutions and were accomplished remotely, 

with some exceptions.  Given the experience of EVSE issues and resolutions over the course of the EVSE 

pilot, the overall impression is that some of the physical issues relevant to all EVSE, and most of the 

problems relevant to only networked EVSE are preventable ς and may be eliminated with improved 

production, integration, and remote monitoring capabilities of EVSP and EVSE industry partners.  

Problems with connectivity did not affect uptime in residential installations, but were common in both 

residential and commercial EVSE installations, making data collection and analysis more difficult.  

Internet broadband connections, WiFi, and cellular communications will periodically fluctuate in 

available speed and signal strength due to interferences and other factors.  Hardware and software of 

networked EVSE must be robustly designed and tested to accommodate these conditions within specific 

limits that are known and verified prior to EVSE installation.  In the case of residential and some 

commercial installations, this required a boost to the WiFi signal in the garage using a repeater or 

wireless access point.  In the case of commercial installations utilizing cellular communications, signal 

strength was verified prior to EVSE installation.  Even so, cellular communications were a frequent 

problem due to internal modem issues and fluctuating signal strength. 
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Another way of categorizing reliability 

problems with networked EVSE is in terms 

of (1) EVSE-to-server communications 

issues, and (2) local issues related to EVSE 

physical, hardware and software 

problems, which may be undetectable by 

remote EVSP monitoring. 

Faulty modem communications that 

render the EVSE offline with the EVSP 

and/or manufactuǊŜǊΩǎ ǎŜǊǾŜǊΣ ŀƴŘ 

software bugs in smartphone apps that 

affect uptime are examples of the former, 

while internal breaker trips, control unit 

malfunctions, and physical damage are 

examples of the latter.  Open source 

communication protocols such as OCPP, with adequate integration and testing between the EVSE 

manufacturer and the EVSP, can enable detection of many if not all physical, hardware and software 

issues.  This is especially important for public EVSE, which over the course of 18,785 days in service were 

unavailable 3,476 days due to network connectivity issues and 1,441 days due to undetectable local 

issues, resulting in an uptime of 78%.   

As EVSP remote monitoring and notifications do not occur for undetectable local issues, site hosts and 

EVSE owner/operators will instead receive problem notifications from customers through a variety of 

communication channels, often with significant delays from the time that the problem surfaces.  In order 

to maximize uptime and a positive customer experience, continuous improvement effort is essential to 

identify and eliminate root causes, including an effort to increase the number of remotely detectable 

issues.  Site hosts and owner/operators should coordinate EVSE inspection and testing at appropriate 

frequency to identify undetectable problems, particularly for more underutilized EVSE.  Finally, 

coordinated staffing and standard processes must continuously work to minimize corrective lead times, 

from problem occurrence through notification, response, and final resolution. 
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Figure 33. Public networked EVSE availability 
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Data analysis begins with a raw dataset of 64,574 charging sessions logged by networked EVSE from 

January 1, 2017, through May 24, 2019.  Of the 64,574 sessions, 11,218 were removed due to data 

anomalies.  The remaining 53,356 sessions were utilized for analysis of user and location load profiles 

across networked residential, workplace, public, fleet, MUD and DCFC sites.  High confidence in the 

accuracy and validity of the dataset provided by the EVSP was established by close comparison with a 

sample of identical charging sessions captured separately by vehicle telematics devices, as detailed in 

Appendix B. 

Residential stations logged the most charge sessions with 68% of the total.  Workplace came in second 

at 16%, followed by public and fleet at 11% and 4%, respectively.  A smaller number of MUD installations 

were completed with relatively low utilization, resulting in 0.3% of the dataset.  90% of public charging 

sessions occurred at public L2, with 10% at DCFC.    

 
Figure 34. Percent of Charge Sessions by Station Type 

 

Overall Load Profile 

Residential charging comprised the majority of demand, except between the hours of 7am to 10:30am, 

where workplace charging was the largest source of demand and accounted for 48% to 53% of total 

energy consumption across networked EVSE.  Combined energy consumption for all station categories 

peaked during the 5pm to 6pm hour, with residential L2 accounting for 76% of the total at that time.  

Utilization, Load Profiles & Data Analysis 
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See Appendix E for values of hour-by-hour energy consumption in the various categories.  The chart 

below shows average charging over nearly 2.5 years of EVSE installations and utilization.  Note that this 

differs from the current state of the network as a proportionately higher number of networked 

residential EVSE were installed in the earlier phases of the pilot program, with more workplace, fleet, 

public L2 and DCFC installed in later phases.  In addition, some inaccuracies exist in use categorization as 

EVSE primarily used for one type of charging are on occasion used for another type.  For example, a 

ŎƘŀǊƎƛƴƎ ǎǘŀǘƛƻƴ ǇǊƛƳŀǊƛƭȅ ǳǎŜŘ ŦƻǊ άǇǳōƭƛŎέ ŎƘŀǊƎƛƴƎ ŀƴŘ ŘŜǎƛƎƴŀǘŜŘ ŀǎ ǎǳŎƘΣ Ƴŀȅ ƻƴ ƻŎŎŀǎƛƻƴ ōŜ 

ŜŦŦŜŎǘƛǾŜƭȅ ǳǎŜŘ ŀǎ άǿƻǊƪǇƭŀŎŜέ ŎƘŀrging, etc.  The Avista data also does not include any L1 charging, 

which is currently used by some EV drivers in the larger population for residential charging, and to a 

lesser extent in other types of use.  

 

 

Figure 35. Average Řŀƛƭȅ ŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴ ŀŎǊƻǎǎ !ǾƛǎǘŀΩǎ ƴŜǘǿƻǊƪŜŘ ǎǘŀǘƛƻƴǎ 
 

Comparison with E3 Modeling 

!ǾŜǊŀƎŜ Řŀƛƭȅ ŜƭŜŎǘǊƛŎƛǘȅ ŎƻƴǎǳƳǇǘƛƻƴ ŦǊƻƳ !ǾƛǎǘŀΩǎ 9±{9 Řŀǘŀ ŎƻƳǇŀǊŜǎ ǿŜƭƭ ǿƛǘƘ ƳƻŘŜƭƛƴƎ ŎƻƳǇƭŜǘŜŘ 

by Energy + Environmental Economics (E3),34 in terms of the overall shape and composition of EV load 

ŦǊƻƳ ŘƛŦŦŜǊŜƴǘ ǳǎŜ ŎŀǘŜƎƻǊƛŜǎΦ  9оΩǎ ƭƻŀŘ ǇǊƻŦƛƭŜ Řŀǘŀ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ǳǎƛƴƎ ƛƴǇǳǘǎ ŦǊƻƳ ŦƛǾŜ ŘƛŦŦŜǊŜƴǘ 

                                                      
34 Economic & Grid Impacts of Electric Vehicle Adoption in Washington & Oregon. E3 (2017) 
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regional utilities serving the Pacific Northwest region.  These inputs included empirical data as well as 

load profile projections based on adoption rates, vehicle types, energy rates and a variety of other factors 

ǘƘŀǘ ǇǊƻŘǳŎŜŘ ǘƘŜ нлнл .ŀǎŜ /ŀǎŜ ƛƴ ǘƘŜ ŦƛƎǳǊŜ ōŜƭƻǿΦ /ƻƳǇŀǊƛƴƎ ǘƘƛǎ ǿƛǘƘ !ǾƛǎǘŀΩǎ 9± ƭƻŀŘ ǇǊƻŦƛƭŜ 

ǇǊƻǾƛŘŜǎ ǎƻƳŜ ƎŜƴŜǊŀƭ ŎƻƴŦƛŘŜƴŎŜ ƛƴ ōƻǘƘ ǘƘŜ ǾŀƭƛŘƛǘȅ ƻŦ 9оΩǎ ƳƻŘŜƭ ŀƴŘ !ǾƛǎǘŀΩǎ ŘŀǘŀΦ  !ŦǘŜǊ ŦŀŎǘƻǊƛƴƎ 

ƻǳǘ a¦5 ŀƴŘ ŦƭŜŜǘ Řŀǘŀ ŦǊƻƳ !ǾƛǎǘŀΩǎ ƴŜǘǿƻǊƪΣ ǎƛƳƛƭŀǊƛǘƛŜǎ ƛƴŎƭǳŘŜ ƻǾŜǊŀƭƭ ŀƴŘ ǇŜŀƪ ŘŜƳŀƴŘ ŘƻƳƛƴŀǘŜŘ 

by residential charging, with roughly 90% of peak load from residential L1 and L2 occurring between 6pm 

and 10pm, compared to 82% of peak load from residential L2 in the Avista network from 5pm to 8pm.  

CǳǊǘƘŜǊƳƻǊŜΣ 9оΩǎ ƳƻǊƴƛƴƎ ǿƻǊƪǇƭŀŎŜ ƳƻŘŜƭ ǎƘƻǿŜŘ ŀ ǇŜŀƪ ōŜǘǿŜŜƴ фŀƳ ŀƴŘ мǇƳ ǿƛǘƘ ру҈ ƻŦ ǘƻǘŀƭ 

ŜƴŜǊƎȅ ǳǎŀƎŜ ŦǊƻƳ ǿƻǊƪǇƭŀŎŜ ŎƘŀǊƎƛƴƎΣ ǿƘƛƭŜ !ǾƛǎǘŀΩǎ ǿƻǊƪǇƭŀŎŜ ŘŜƳŀƴŘ Řŀǘa showed a peak between 

7am and 10:30 am, accounting for 48% of total energy usage.35  Note that between the two charts, 

!ǾƛǎǘŀΩǎ Řŀǘŀ ƛǎ ǎƘƻǿƴ ǿƛǘƘ ŀƴ άƘƻǳǊ ōŜƎƛƴƴƛƴƎέ ŎƻƴǾŜƴǘƛƻƴΣ ǿƘƛƭŜ ǘƘŜ 9о ƳƻŘŜƭ ǳǎŜǎ ŀƴ άƘƻǳǊ ŜƴŘƛƴƎέ 

convention.  

Figure 36: E3 Pacific Northwest modeled EV energy consumption in 2020 (E3) 

 

¢ǿƻ ƴƻǘŀōƭŜ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ 9оΩǎ ƳƻŘŜƭ ŀƴŘ !ǾƛǎǘŀΩǎ ŘŀǘŀΣ are that the E3 model shows a peak 

occurring later in the evening and has significantly more residential charging occurring later in the 

ŜǾŜƴƛƴƎ ŀƴŘ ŜŀǊƭȅ ƳƻǊƴƛƴƎ ǘƛƳŜŦǊŀƳŜΣ ŎƻƳǇŀǊŜŘ ǘƻ !ǾƛǎǘŀΩǎ ŘŀǘŀΦ  ¢Ƙƛǎ ŎƻǳƭŘ ōŜ ŘǳŜ ǘƻ 9о ƳƻŘŜƭƛƴƎ 

charge sessions starting later in the day, and a slower overall rate of L2 charging as well as L1 charging, 

which results in longer charge sessions lasting into the early morning hours. 

AC Level 2 EVSE Charging Session Characteristics 

Analysis of connection times for EVSE types revealed that fleet and residential EVSE have the longest 

connection times with an average of 16 hours and 10 hours, respectively, and with larger ranges.  

                                                      
35 See Appendix E for tables of hourly energy usage and distribution comparisons 
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Remaining EVSE types showed substantially shorter connection times averaging below 5 hours, and 

narrower ranges.  

Connection Time by EVSE Type 

 
Figure 37. EVSE Connection Time by Station Type 

 

Session charging times revealed close averages between the different EVSE types, at approximately 1.6 

hours per session, and similar ranges from roughly 1.3 hours to 1.7 hours for the majority of sessions, 

other than the MUD category which had a much smaller number of recorded sessions.   
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Session Charge Time by EVSE Type 

 
Figure 38: Charging Time by EVSE Type 

 

Session energy usage is also very similar across different EVSE categories. 

Session Energy Usage by EVSE Type 

 
Figure 39. Session Energy by Station Type 
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Residential AC Level 2 EVSE 

Below is a visualization of two different EV charging sessions, typical of session data coinciding with EV 

drivers that routinely arrive home in the afternoon or early evening, and initiate a charge.   

 

Figure 40. Example of individual residential EV charging sessions 

In these charging sessions, the charge rate of the vehicle rapidly ramps up to the maximum allowed by 

ǘƘŜ 9±Ωǎ ǊŜŎǘƛŦƛŜǊ ŀǘ сΦсƪ² in this case, and charges for 1 to 2 hours at this level, with a ramp-down period 

of 45 to 60 minutes when the battery approaches a state of full charge.  When taken together with other 

coincident loads in a given neighborhood, a total load on the local distribution transformer, feeders and 

substation may be determined.   

An average daily load profile for an EV may be determined by combining all charging sessions such as 

the ones illustrated above, divided by the number of operating days over a given period of time.  When 

the average load profile is multiplied by the total number of EVs in a given service area, the total 

expected energy on a per hour basis is determined for the system, which is important to understand 

from a generation capacity or power supply perspective.  The average load profile includes many days 

where no charging occurs, and EV drivers have different charging habits that vary daily by location, time 

and amount of energy consumed.  Combining all charging sessions in this way results in an aggregated, 

average daily profile per EV.  Using the same procedure, load profiles may be specified for different types 

of EVs and usage, as well as by location type.  Note that care must be taken to properly account for any 

days were the EVSE was offline and no data was transmitted.  These days must be removed from 

consideration rather than assumed that no charging occurred.  
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Residential EVSE Daily Profile 

 
Figure 41. Residential EV  aggregate load profile 

The load profile above includes both weekday and weekend charging sessions, with an afternoon peak 

reaching an average of 0.78 kW per EV between 5pm and 6pm, coinciding with a large number of drivers 

arriving home in late afternoon and early evening.  Demand drops to 0.36 kW by 10pm on weekdays and 

continues to decline to 0.12 kW by 1am, until beginning to rise again near 8am.  Weekends have less 

consumption overall and a more gradual rise to a lower peak value of 0.42 kW at 6pm. 

Trip distances, driving patterns, destination arrival times and charge initiation, the distribution of vehicle 

types, use of workplace and public charging, EVSE and rectifier ratings, and battery sizes in the overall 

EV population all have an effect on daily load profiles.  

Comparison to the EV Project Residential Data 

The 2015 EV Project (EVP) is the most extensive study of light-duty EVs published to date, analyzing 

charging patterns from thousands of drivers over a multi-year period.36  An aggregated profile from 

Washington State residential weekday charging was adjusted for the 658 EVSEs in the EVP Washington 

network using Q4 2013 data.  Washington EVP drivers consisted of 82% Nissan Leafs and 18% Chevy 

Volts.   

                                                      
36 CǊŀƴŎŦƻǊǘΣ WΦ Ŝǘ ŀƭΦ  ά¢ƘŜ 9± tǊƻƧŜŎǘΦέ  LŘŀƘƻ bŀǘƛƻƴŀƭ [ŀōƻǊŀǘƻǊȅΣ όнлмрύΦ 
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In the chart below, the EVP load profile is compared to AvistaΩǎ weekday residential profile.  While the 

ƭƻŀŘ ǇǊƻŦƛƭŜ ǎƘŀǇŜǎ ŀǊŜ ǎƛƳƛƭŀǊΣ ǘƘŜ 9±tΩǎ ǇǊƻŦƛƭŜ peaks during the 7pm to 8pm hour, one hour later than 

!ǾƛǎǘŀΩǎ ǇǊƻŦƛƭŜ ǇŜŀƪΦ  ¢ƘŜ !Ǿƛǎǘŀ ǇŜak was also lower than the EVP peak by 12%, at 0.79 kW compared 

to 0.91 kW.  Average weekday energy consumption for Avista residential customers was also lower, at 

6.9 kWh compared to average 9±t ŘǊƛǾŜǊǎΩ consumption of 8.6 kWh ς a difference of 1.7 kWh, or 20%. 

 
Figure 42. Comparison of Avista and the EV Project's Weekday Profiles 

Many factors may affect the profiles, however driving patterns and rectifier capacity may be the most 

important in explaining the differences in consumption and load shape between the two curves.  While 

both datasets originated from customers in Washington State, EVP drivers were exclusively in western 

Washington ǿƘƛƭŜ !ǾƛǎǘŀΩǎ Ǉƛƭƻǘ ŎǳǎǘƻƳŜrs were in eastern Washington.  Lower miles driven each day 

could account for the lower energy consumption in the Avista profile, as Avista commuters averaged 21 

miles roundtrip compared to 27.4 miles for EVP Washington commuters.  With a difference of 6.4 miles 

per round trip commute and assuming fuel efficiency of 3.35 miles per kWh, on average Washington EVP 

commuters would use an additional 1.9 kWh comǇŀǊŜŘ ǘƻ !ǾƛǎǘŀΩǎ EV commuters, which closely 

approximates the observed 1.8 kWh difference between the two profiles.  Also the EVP peak occurs a 

little later in the evening and load is noticeably shifted to the later evening and early morning hours.  

This could be due to later arrivals in the evening for the overall EVP population, as well as lower EVSE 

output and older EVs with smaller rectifier ratings, such that charging sessions take longer to complete. 

Overall, the similarities between the two datasets lend credibility to the studies, while observed 

differences highlight the value of more detailed information that can apply to unique utility service 

territories and systems ς even within the same state ς that will change to some degree as EVs and driving 

behaviors evolve. 
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Residential Driver Type Usage 

Average weekday energy consumption is highest for BEV and PHEV commuters at over 7.4 kWh, followed 
by PHEV and BEV non-commuters at 5.5 kWh and 4.5 kWh, respectively.  Daily energy consumption in 
all categories is lower on the weekend compared to weekdays as seen in the chart below. 

 

Figure 43. Average daily residential energy consumption by driver type 

Detailed load profiles for each driver type are shown in the figures that follow.  Within each category, 
the weekday and weekend load profiles tend to be similar during off-peak hours, and then diverge during 
peak times in the afternoons and evenings.  BEV commuters have the highest peak weekday demand of 
0.9 kW, occurring during the 5 pm hour.  With BEV commuters, weekend demand is lower and steadily 
increases throughout the day, peaking at 0.4 kW at 6 pm.  Other profiles have lower weekend peaks and 
flatter afternoon demand.  Both BEV and PHEV non-commuters have sharp increases in both weekday 
and weekend power demand occurring earlier in the afternoon than commuters.  The data shows that 
commuter charging behavior is more noticeably different between the weekday and weekend, 
compared to non-commuters.  BEV non-commuter power demand is also the lowest during the weekday 
of the different driver types, at 0.3 kW.  BEV non-commuters were also the only driver type to have 
higher average weekend peak demand than on the weekday.  This could be influenced by the fact that 
most of the BEV non-commuters were retirees, charged less frequently than other driver types and had 
the fewest networked stations of all groups. 
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Figure 44. Residential BEV commuter aggregate load profile 

 

 
Figure 45. Residential BEV non-commuter aggregate load profile 
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Figure 46. Residential PHEV commuter aggregate load profile 

 

 
Figure 47. Residential PHEV non- commuter aggregate load profile 
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Residential Long Range BEV (LRBEV) Daily Profile 

BEVs with larger batteries allowing over 200 miles driving on a single charge are considered LRBEVs.  

Although Avista had only 11 LRBEV drivers with reliable residential EVSE data in the program, there was 

a distinct difference in this driver group compared to the average EV driver.   

LRBEV drivers had higher residential energy and power demands than those with shorter range BEVs, 

and charged at home with slightly more frequency.  LRBEV drivers had peak demand of 1.4 kW occurring 

during the 5pm to 6pm hour ς resulting in an 85% increase above the overall EV residential peak.  For 

LRBEV drivers, total energy consumption of 12.3 kWh per day was also 78% higher compared to the 

average EV driver.  Reasons for this higher usage include longer commute distances than average for 

two participants, a higher proportion of commuters (9 of 11 LRBEVs were commuters), and a smaller 

LRBEV sample size potentially skewing the results somewhat.  LRBEV drivers also averaged 5.6 sessions 

per week, compared to shorter range BEV drivers that averaged 4.9 sessions per week.  This subset of 

the EV fleet is important and will likely grow as auto manufacturers supply more LRBEV models with 

larger batteries and longer driving ranges in the future. 

 

Figure 48. Residential long range BEV aggregate load profile 
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Residential Charging Sessions by Commuter Type  
 

Residential session data was analyzed by examining the charge times, connection time, and the energy 

consumed in each of the four driver categories.  Of the 36,281 sessions logged by all four commuter 

types, BEV commuters logged 47% of the sessions, followed by PHEV commuters at 36%, PHEV non-

commuter at 13%, and finally BEV non-commuters at 4%.  

 

 
Figure 49. Residential Sessions by Commuter Type 

 

Analysis of connection time revealed average times ranging from 9.4 hours to 11 hours with BEV 

commuters displaying the highest average connection time, and BEV non-commuters displaying the 

lowest average connection time.  
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Residential Session EVSE Connection Duration by Commuter Type 

 
Figure 50. Residential EVSE Session Connection Duration by Commuter Type 

 

The Average charge time ranged between 1.9 hours and 3 hours, with BEV Commuters displaying the 

longest average charge time and PHEV Non-Commuters the shortest. 

Residential Session Charge Duration by Driver Type 

 
Figure 51. Residential EVSE Session Charge Duration by Driver Type 

 

Considering session energy usage, on average BEV drivers consume more energy than PHEV drivers, and 

commuters consume more than non-commuters.  Increased session energy usage can be attributed to 

greater average distances per trip logged by BEV and PHEV commuters.  According to responses from 

quarterly surveys, BEV and PHEV commuters tend to drive on average 9 miles more than non-commuters 

per day.   
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Residential Session Energy Usage by Driver Type 

 
Figure 52. Residential EVSE Session Energy Provided by Driver Type 

 

On average BEV non-commuters consume the most average energy at 14.6 kWh per charge session 

followed by the next highest average from BEV commuters at 11 kWh per session.  PHEV commuters and 

non-commuters have lower average energy consumption rates of 8.5 kWh and 7.3 kWh respectively. 

 

Commercial AC Level 2 EVSE 
 

²ƻǊƪǇƭŀŎŜ ŎƘŀǊƎƛƴƎ ƛǎ ǘƘŜ ƭŀǊƎŜǎǘ ƻŦ ǘƘŜ ŦƻǳǊ ŎƻƳƳŜǊŎƛŀƭ ŎƻƳǇƻƴŜƴǘǎ ƛƴ !ǾƛǎǘŀΩǎ Ǉƛƭƻǘ ǇǊƻƧŜŎǘ ǿƛǘƘ рл 

charging sites and a total of 123 L2 ports.  Of these, 97% of ports require no fee for employees to charge 

their EVs while at work.  When surveyed, multiple employers commented that they saw the charging 

station as a low cost benefit for employees.  Averaged among all workplace stations in the Avista 

network, electricity consumption per workplace charging session was 8.7 kWh. This equates to $0.96 per 

session in electricity billing to the employer.  Each employee charged an average of 17 times per month 

at work, resulting in an electricity cost of under $17 per month, per employee.  This in turn provides a 

leveraged benefit for employees of over 3x transportation cost savings as well as a 79% reduction of CO2 

emissions compared to driving a vehicle powered by gasoline.37 

 

Only two charging locations on the network require a fee for workplace charging, in both cases choosing 

a fee of $0.13 per kWh intended to offset the cost of meter billing.  Comparing these fee-based sites 

with two other similar free sites, all with active commuters, shows that free sites have significantly higher 

weekday usage at 2.4 kWh per port compared to 0.8 kWh per port for the fee-based sites.  As a result of 

                                                      
37Assuming 26 mpg and $3/gal for fuel costs, cost of driving 100 miles is $11.55 for gasoline powered passenger vehicle. At $.12 / kWh and 
3.29 mi/kWh, driving 100 miles electric is $3.65 (3.2x cost savings).  4.9 tons of CO2 annually for gasoline vehicles vs 1.0 tons of CO2 annually 
for EVs from Avista Corp generation mix, at 0.27 metric tons of CO2 per MWh compared to 19.4 pounds of CO2 per gallon of gasoline 
https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-references 

https://www.epa.gov/energy/greenhouse-gases-equivalencies-calculator-calculations-and-references
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higher utilization, morning peaks are higher by more than three times (0.4 kW vs 0.1 kW) during the 9am 

hour for the free station group.  

 

 
Figure 53. Comparison of fee-based and free workplace load profiles  

As expected, the 178 sessions per year at each free port was much higher than the 21 sessions per year 

for each fee-based port.  Even given the small sample size of fee-based ports, the implication is that fee-

based charging significantly reduces the utilization of workplace EVSE.   

Workplace charging is a major catalyst for EV adoption and was the most popular of the commercial 

programs offered by the Company.  Avista workplace EVSEs logged 8,675 workplace charge sessions.  Of 

the 8,675 charge sessions occurring at workplace chargers, 5,667 sessions, or 65% are logged by 

άǾƛǎƛǘƻǊǎέ ς those not participating in the program with a networked residential EVSE installed at their 

home.  Some of these visitors have non-networked EVSE at home and others do not have any EVSE at 

home, to an unknown degree. 

12A 1A 2A 3A 4A 5A 6A 7A 8A 9A 10A 11A 12P 1P 2P 3P 4P 5P 6P 7P 8P 9P 10P 11P

Fee based0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.11 0.12 0.08 0.06 0.11 0.10 0.07 0.03 0.01 0.02 0.01 0.01 0.00 0.00 0.00 0.00

Free 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.15 0.34 0.39 0.26 0.18 0.15 0.12 0.08 0.06 0.04 0.05 0.05 0.04 0.15 0.08 0.03 0.02

0.00

0.10

0.20

0.30

0.40

0.50

k
W

Hour Beginning

Free and Fee Based Workplace Weekday Profiles - Per Port 
Fee stations:
nsessions= 468
ndays= 977
nlocations= 2
ndrivers= 3

Free stations:
nsessions= 6,128
ndays= 1,489
nlocations= 2
ndrivers= 8



 

Avista EVSE Pilot Final Report  64 

Workplace Charging for Avista Residential Pilot Program Participant Vs. Non-Participant  

 

Figure 54. Public EVSE Session Useage 

Data from 12 drivers had both home and workplace networked EVSE that were consistently online and 

transmitting data from both locations.  The 12 drivers within this sample group logged 2,571 charging 

sessions and used 23,253 kWh at workplace chargers over 5,596 operating days.  These participants also 

logged 4,013 charge sessions consuming 30,626 kWh of energy over 6,169 operating days of residential 

charging sessions.  When aggregated into a daily load profile, workplace charging peaks at 0.64 kW per 

vehicle and residential charging peaks at 0.54 kW per vehicle.  See Appendix E for charge session data 

distributions for connection time, charge time, and energy usage of this subset group.  Drivers with 

networked EVSE at home who did not utilize workplace EVSE logged 26,009 days of charge sessions at 

home, resulting in 195,311 kWh of energy consumed. 

 

To understand how workplace charging can impact the grid, we consider energy consumption from 

commuters with and without workplace charging availability.  Commuters without workplace charging 

are limited to their home and a small number of public EVSE.  Data shows most charging for this group 

occurs between 4pm and 8pm, creating a daily peak of 0.8 kW per EV between 5pm and 6pm. 
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Figure 55. Residential Only Commuters Weekday Charge Profile 

Commuters with workplace charging create two peaks during an average workday.  The highest peak of 

0.7 kW occurs at workplace chargers at 8 am, with a second smaller peak of 0.46 kW occurring at home, 

at 5 pm. 

 

 
Figure 56. Workplace Charger Sample Group: Workplace and Residential Charging Profile 
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As a result, the availability and use of workplace chargers reduces the average residential peak demand 

by 0.15 kW in the evening, but also increases the morning peak by 0.63 kW. 

 

Figure 57: Workplace charging effect on residential charging 

CǊƻƳ ǎǇǊƛƴƎ ǘƘǊƻǳƎƘ ǎǳƳƳŜǊ ŀƴŘ ŦŀƭƭΣ !ǾƛǎǘŀΩǎ ǎȅǎǘŜƳ ǇŜŀƪǎ ōŜǘǿŜŜƴ ǘƘŜ ƘƻǳǊǎ ƻŦ оǇƳ ǘƻ тǇƳΣ ǿƘƛƭŜ ƛƴ 

the winter it peaks both in the morning between 7am and 10am, and in the evening between 5pm and 

8pm.  When compared to seasonal peak system demand it can be argued that workplace charging 

provides an automatic system benefit year-round in the evening, by reducing evening EV peak demand 

by 19%, even in the absence of networked EVSE and load management, TOU rates, or other methods to 

influence EV load.   

 
Figure 58. System Load Vs Ambient Temperature, July 31, 2018 
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However, the use of workplace chargers also creates an average demand of 0.74 kW per EV at 8am, 

coinciding with the winter morning peak and 0.67 kW higher than the weekday residential load profile 

alone from customers without workplace charging.  Workplace charging peaks could be reduced through 

load management and the use of EVSE with lower power output, e.g. using 3.3kW output instead of the 

6.6kW used in the pilot would cut the peak load in half.   Even without further peak reductions from the 

load profiles shown, modeling indicates that over the long term workplace charging in addition to 

residential charging provides net grid benefits greater than residential alone.  This benefit increases over 

time with the expected increase in solar generation as WA moves toward 100% clean energy, as EVs can 

utilize  additional solar power during the day if charging at workplace locations. 

 

 
Figure 59. System Load vs. Ambient Temperature January 31, 2018 

 

Fleet Analysis 

Regionally, commercial fleet EVs are a relatively small component of the light-duty market.  Participants 

utilizing a total of 14 fleet EVs included government, social services and healthcare organizations.  

Growth potential is apparent, as 74% of commercial applicants (28 of 38), indicated they would be 

interested in EVs for future fleet use. 

 

Within the fleet program, five of the ten locations have networked EVSEs, providing insights on charging 

session characteristics, load profiles and cost savings.  Daily energy demand for fleet EVs ranged from 

1.5 kWh to 11.3 kWh per EV, corresponding to high variability in daily driving.  Load profiles were similar 

to each other with demand peaking between 4pm ς 8pm. The highest average daily demand occurred 

during the 6pm hour at 1.4 kW.  Note that this is the average daily demand per EV at the location, as 

opposed to usage on a per EVSE port basis. 

12A 1A 2A 3A 4A 5A 6A 7A 8A 9A 10A 11A 12P 1P 2P 3P 4P 5P 6P 7P 8P 9P 10P 11P

BA Load141213721350135213631420153116981776174717081676164716251606157615711655177317771755171816381532

Temp 35.9 34.7 34.7 34 33.2 32.3 32.3 31.9 31.7 32.3 34.1 35.7 36.8 38.4 39.1 40 40.4 39.8 39.6 37.2 35.4 33.7 32.8 33.6

25

30

35

40

45

50

55

60

1300

1400

1500

1600

1700

1800

1900

M
W

System Load vs. Temp 
January 31, 2018

T
e
m

p
 F

Hour Beginning



 

Avista EVSE Pilot Final Report  68 

 

 
Figure 60. Daily fleet load profile at a single location 

Based on load profiles, fleet EVs resulted in an avoided 68 to 524 gallons of fuel per EV, with fuel cost 

savings and reduced emissions.  At $3.00 per gallon of gas and $0.115 per kWh, fleet vehicles driving 

approximately 3,250 to 13,600 miles annually saw fuel savings per EV of between $178 and $1,378.  At 

the highest usage location, a fleet of four EVs saved over $5,512 per year in fuel costs, avoiding 2,472 

gallons of gasoline consumption and 24 tons of CO2 emissions.38 

 
Figure 61. Fleet fuel savings and gasoline avoided per EV, at various locations 

 

 

                                                      
38At 19.4 pounds of CO2 per gas gallon * 2,472 gas gallons = 47,957 pounds of CO2 https://www.epa.gov/energy/greenhouse-gases-
equivalencies-calculator-calculations-and-references 
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Public Analysis 

Thus far, data shows low utilization of public EVSE in terms of both charging frequency and dispensed 

energy.  Nevertheless, it is clear that public EVSE have great value and importance in the minds of EV 

drivers.  For example, driver surveys showed 78% dissatisfaction with the availability of public charging 

and suggested more public installations are needed near shopping centers and along highways in 

outlying areas.  Avista installed 24 public ports at 14 stations in rural areas near regional highways, and 

16 ports in six higher traffic retail locations in Spokane.  Public EVSE outside the Avista network has 

grown very slowly, with only three locations outside Spokane.  Utilization and loads will vary substantially 

by location and can be expected to grow over time with higher EV adoption, as illustrated by the various 

load profiles in Appendix D.  The high traffic downtown location shown below provides an example of 

this growth, more than doubling in one year.  

 

 
Figure 62. Load growth at downtown public location 
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Figure 63. Public station dwell time at downtown location 

At public locations, there has been a steady increase of charge sessions completed by individuals not 

participating in the EVSE Pilot Program.  Of the 53,356 sessions recorded during the pilot program, 

14,218 or 26% of all sessions were logged by visitors.   

 
Figure 64. Public Charging Station Usage by Visitors by Month 

Due to relatively low impact of station operating expenses resulting from low electricity costs and 

regional EV adoption, site hosts have almost entirely opted to free use of public charging, which may be 

expected to change in the future as utilization increases.  

Looking more closely at three public stations in the Spokane area located near businesses with EV 

commuters, just four EV commuters out of a total of 186 visitors to these locations caused morning peak 
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demand to increase 375% to 0.15 kW, compared to 0.04 kW without the commuters.  Depending on site 

host objectives, a networked EVSE may be used to require an energy fee, time-based fees and limit 

penalties, and permission controls. 

 

 
Figure 65. Workplace driver charging implact at public station 

 
DC Fast Charging 
 

DCFC utilization varies significantly from site to site.  Kendall Yards remains the most utilized, due to its 

location in the urban core of Spokane and along main East/West and North/South travel corridors.  Other 

sites such as Rosalia are less utilized due to their distance from population centers, however they are of 

great value in enabling longer distance EV driving due to their strategic locations along inter-city travel 

corridors.  The table below shows monthly DCFC charging sessions at each site, which grew by 19% in 

the last year.  Increasing utilization is expected in the future, commensurate with greater EV adoption in 

the area.  Note that downtime issues resulted in lower utilization in early 2019 for the West Plains, 

Pullman and Wandermere sites.   
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Table 14: Monthly DCFC sessions 

Month Rosalia 
Kendall 

Yards 
Pullman 

Liberty 

Lake 

Wander- 

mere 
West Plains 

U-District  

/ GU 

Commissioned 1/18/2017 9/14/2017 12/15/2017 1/12/2018 9/14/2018 9/18/2018 7/12/2019 

Jan-Dec 2017 64 38 2 - - - - 

Jan-Dec 2018 55 179 86 99 61 14 - 

Jan-2019 4 23 9 7 23 0 - 

Feb 10 12 3 12 6 1 - 

March 4 34 1 6 2 5 - 

April 8 29 7 2 9 2 - 

May 3 25 3 3 22 21 - 

June 9 32 9 15 8 11 - 

July 2 24 10 9 3 10 - 

Total 157 396 130 153 134 64 - 

 

Analysis of DCFC charging sessions using one-minute interval data shows a rapid ramp-up period to the 

maximum power level where it plateaus, between 20kW and 50 kW, followed by a longer ramp-down 

period that reduces the power level as the battery nears full capacity.  DCFC connection and charging 

times are often the same, as the driver unplugs the vehicle when satisfied with the charge level rather 

than wait for a much longer period through the ramp-down phase to 100% state-of-charge.  These 

observations are illustrated below, for one week of charging sessions at the Kendall Yards DCFC site. 
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Figure 66: DCFC charging session load profiles 

DCFC charging power may be limited by the EV and its battery state-of-charge, such that the delivered 

power level is often much less than the DCFC rating of 50kW.  Accordingly, DCFC user fees should be 

applied on a per kWh basis, at least until the battery is well into its ramp-down period.  Otherwise drivers 

that unavoidably draw lower power levels may pay unacceptably high rates, if charged on a per minute 

basis.  With the extension of the pilot program in early 2018, DCFC fees were changed from $0.30/minute 

to $0.35/kWh, which is roughly equivalent to the cost of gasoline in terms of fuel cost per mile of driving 

range.  This change received positive feedback from EV drivers and correlated with higher DCFC 

utilization thereafter.  Beyond the ramp down period however, fees applied on a time basis and/or 

penalties for time beyond certain thresholds ς at 60 minutes for example ς may be necessary to free up 

the DCFC and avoid unnecessary wait times for other drivers.   

Average energy consumption of 13.6 kWh per DCFC charging 

session was higher than all ACL2 types.  The majority of 

charging times were between 15 and 45 minutes, averaging 

just over 30 minutes.  Box plots of the DCFC session data 

show a fair amount of variability between the different DCFC 

sites, in terms of connection time and energy consumption.   
Table 15: DCFC session statistics, Jan2017 - May2019 

average kWh per session 13.6 

average minutes per session 30.2 

average revenue per session $5.05 
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By intent, three DCFC were installed with credit card readers, and four were installed without them to 

test customer use and preferences.  To date, no customer complaints or suggestions have been received 

regarding the lack of credit cards on the four 

without them.  At these stations, charging is 

initiated by either the EVSP smartphone app or an 

wCL5 ŎŀǊŘ ƭƻŀŘŜŘ ǿƛǘƘ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ŎǊŜŘƛǘ ŎŀǊŘ 

information.  For the three DCFC with credit card 

readers, 57% of charging sessions were initiated 

by the smartphone app or RFID, and 43% by credit 

card swipe.  Note that unique customer ID cannot 

be captured in the network dataset when 

initiating by credit card, limiting the ability to 

understand individual charging patterns across 

the network. 

Figure 67: Credit card vs. RFID and Smartphone app payments at DCFC 
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¢ƻ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ ŘǊƛǾŜǊ ōŜƘŀǾƛƻǊǎ ŀƴŘ ǾŀƭƛŘŀǘŜ DǊŜŜƴƭƻǘǎΩ 9±{9 ŘŀǘŀΣ ǎŜǾŜǊŀƭ ŎǳǎǘƻƳŜǊǎ 

ǇŀǊǘƛŎƛǇŀǘƛƴƎ ƛƴ !ǾƛǎǘŀΩǎ 9±{9 ǇǊƻƎǊŀƳ ŀƎǊŜŜŘ ǘƻ ƛƴǎǘŀƭƭŀǘƛƻƴ ƻŦ Cƭeetcarma telematics devices (C2 

devices) in their EVs.  The telematics device captures charging data, battery state of charge, battery 

efficiency, trip distance and speed, as well as energy losses from rectification and auxiliary loads.   

 

Telematics devices were installed on 9 different vehicles.  The use of these vehicles ranged from 

regular commuters, non-commuters, and fleet vehicles.  Total trip break downs for these vehicles are 

as follows: 

 
Table 16: Number of Trips per Vehicle Type and Make/Model 

 Chevy Bolt Nissan Leaf Tesla Model S 
Mitsubishi 
Outlander 

Hyundai 
Sonata 

Chevy Volt 
Total Trips by 
Vehicle Type 

PHEV Commuter 0 0 0   0 1259 1259 

PHEV Non-
Commuter 

0 0 0 0 2335 0 2335 

BEV Commuter 2461 834 4963 0 0 0 8258 

BEV Non-
Commuter 

0 0 0 0 0 0 0 

Fleet Vehicles 1358 0 0 1234 0 0 2592 

Total Trips per 
Vehicle 

3819 834 4963 1234 2335 1259 14444 

 

Individuals with telematics devices in their vehicles also participated in the EVSE pilot program, providing 

a set of overlapping session data.  610 sessions were compared between the Greenlots and FleetCarma 

data sources, showing an average difference in power consumption of 1.6%, and the largest percent 

difference at 4.2%.  A more thorough explanation of the telematics validation is available in Appendix B. 

 

In total, FleetCarma telematics devices recorded 6,437 charge sessions, capturing data on charge 

duration, energy provided, state of charge at the beginning and end of each session, losses from rectifiers 

and auxiliary loads, and vehicle location in latitude and longitude coordinates. 

  

Telematics Data and Analysis 
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Telematics Data: Charge Duration 

 
Figure 68. Telematics Data: EVSE Charge Duration 

 

Data from the C2 telematics data shows that the average charge duration is 2.2 hours. 

 

Telematics Data: State of Charge at Beginning of Charge Session 

 
Figure 69. Telematics Data: State of Charge at the Beginning of Charge Session 

 

The state of charge measures the percent of remaining battery power from a 100% full state.  The above 

graph illustrates the different levels of remaining charge when a charging session was initiated.  On 

average, batteries were at 56% state of charge when a session started.   
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Telematics Data: Energy Provided per Charge Session 

 
Figure 70. Telematics Data: Energy Provided per Charge Session 

The average energy provided per charge session was 9.8 kWh. 

 

Telematics Data: Rectifier Loss per Charge Session 

 
Figure 71. Telematics Data: Rectifier Loss per Charge Session 

 

Finally, telematics provided the energy lost during each charging session.  Charge loss is the difference 

between energy entering the EV charging port and the energy provided to the battery after current 

rectification, as well as losses resulting from other sources such as accessory electronics, cabin 
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environment controls, and/or battery conditioning when available.  According to the C2 data, on average 

each charging session lost 1.7 kWh, or 13.7% of total energy delivered by the EVSE to rectification and 

other auxiliary loads. 

 

The C2 devices also recorded location of charging sessions with latitude and longitude coordinates.  

Location data allowed for the identification of charge sessions that did not occur within the Avista 

network, which made up 9% of total sessions. 

 

Telematics data allowed for an analysis of battery efficiency in BEVs, with data from 9,406 trips collected.  

Trip lengths ranged from less than one mile to approximately 196 miles.  As shown in the chart below, 

at shorter trip distances there is a wide range of battery efficiency.  This could be due to a combination 

of regenerative braking, more variability in motor speed, greater idle times, and/or auxiliary components 

operating at non-steady states.  As trip length increases and vehicle functions become less variable, 

battery efficiency converges between 3 and 4 miles per kWh.  When filtering trip distances over 25 miles 

(264 data points), the average efficiency is 3.35 miles per kWh with a standard deviation of 0.6, which 

includes the rectifier and EVSE losses.  This is an important parameter to use in modeling average EV 

energy consumption and resulting grid impacts, given assumptions of EVs on the system and annual 

driving distance per EV. 

 

 

Figure 72. BEV Battery Efficiency Vs Trip Distance 

Ambient temperature also has a major effect on battery efficiency.  The table below shows battery 

efficiency versus temperature roughly corresponding with winter, spring/fall, and summer 

temperatures.  Average trip efficiency increases from 2.6 miles per kWh during winter temperatures to 

3.7 miles per kWh during summer temperatures.   
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Table 17. BEV Battery Efficiency VS. Ambient Temperature 

Outdoor Temperature 

Temperature Range (°F) 

Average Efficiency  

(miles / kWh) Trip Count 

less than 45 2.6 3,705 

Between 45 and 65 3.5 2,921 

greater than 65 3.7 2,783 

 

 
Figure 73. BEV Battery Efficiency Vs Trip Distance (Ambient Temperature 45 Degrees or Below) 

 

 
Figure 74. BEV Battery Efficiency Vs. Trip Distance (Ambient Temperature 45-65 Degrees) 
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Figure 75. BEV Battery Efficiency Vs. Trip Distance (Ambient Temperature 65 Degrees or Above 

 

Efficiencies in the above table and graphs represent power consumed from the battery, upstream of the 

rectifier.  In addition, EVSE losses typically vary between 0.1% to 1.5%, depending on current.39 

  

                                                      
39 !ǇƻǎǘƻƭŀƪƛΣ /ƻŘŀƴƛΣ YŜƳǇǘƻƴΦ  άaŜŀǎǳǊŜƳŜƴǘ ƻŦ ǇƻǿŜǊ ƭƻǎǎ ŘǳǊƛƴƎ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ ŎƘŀǊƎƛƴƎ ŀƴŘ ŘƛǎŎƘŀǊƎƛƴƎΦέ 
https://www.sciencedirect.com/science/article/pii/S0360544217303730  
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Residential Demand Response (DR)  

Avista began DR experimentation in September 2018 with a small test group, expanding to all customers 

with networked residential EVSE by May 2019.  The initial goal was to test if 75% of evening peak loads 

could be shifted to off-peak while maintaining high customer satisfaction.  The new load profiles were 

then used in economic modeling to determine grid benefits from DR.  Initially, DR events were set to 

75% curtailment to maximum 1.8 kW output between 4pm and 8pm. 

Special attention was given to frequent and open customer communications during the DR program.  

The rollout occurred over six phases, with the fourth and fifth phases experiencing delays due to 

software bugs eventually corrected by the EVSP.  Note that while 92 stations are sent daily DR 

commands, due to connectivity issues between the EVSE and the server only 51 stations reliably receive 

them.  More recently, EVSE from a different manufacturer have been used in several residential locations 

have demonstrated greatly improved connectivity, but are still in the early stages of testing. 

 
Figure 76. Implementation of residential DR program  

Customers were given the ability to opt out of events through a ά5w 9ǾŜƴǘέ ŦŜŀǘǳǊŜ ƻƴ ǘƘŜ 9±{t phone 

app.  When an event is initiated, the customer is sent a message a day ahead of time through their phone 

notifications, which they may choose to accept or reject.  Customers also have the ability to set DR 

default preferences in the app.  From September 2018 to July 2019, customers ŀŎŎŜǇǘŜŘ ƻǊ άƻǇǘŜŘ ƛƴέ 

to 85% of DR events.  When surveyed about the impact of DR on daily driving, all customers stated that 

DR events had no effect on when or how they used their EV, and overall levels of satisfaction with the 

EVSE remained high.  Session data backs up these surveys, showing that prior to DR, EVs would fully 

charge their battery in 59.6% of sessions, compared to 61.4% after DR.  Customer feedback to improve 
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the opt-out process included the ability to opt-out through email, change opt-in or opt-out status after 

the initial selection, and a physical button on the EVSE to opt-out at any time.   

 
Figure 77. Example residential sessions before and after DR 

As shown above, 75% curtailment of EVSE output results in 1.8kW delivered from 4pm to 8pm.  When 

aggregated, the average load profile from 1,876 DR sessions demonstrated a 49% drop in peak demand 

compared to the uninfluenced load profile.  Note that over a longer period of time, the accumulation of 

ƳƻǊŜ 5w ǎŜǎǎƛƻƴǎ ǿƻǳƭŘ ŦǳǊǘƘŜǊ ǊŜŘǳŎŜ ǘƘŜ ŀƎƎǊŜƎŀǘŜŘ ƭƻŀŘ ǇǊƻŦƛƭŜΩǎ ǇŜŀƪ ŘŜƳŀƴŘΣ ǘƻ ŀ ƭƛƳƛǘ ƎƻǾŜǊƴŜŘ 

by the output curtailment and the rate of DR opt-outs.  After 8pm the DR event is concluded and a 

demand spike occurs, due to EVSE output rising back to the 6.6kW level.   This effect is similar to what 

can occur at the beginning of a time of use (TOU) rate time window, as a large number of EVs begin 

charging at the same time to take advantage of the lower rate.  Such spikes could adversely affect 

distribution infrastructure in high EV adoption scenarios, even during off-peak periods.  Possible 
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solutions ǘƻ ƳƛƴƛƳƛȊŜ ǎǳŎƘ ŘŜƳŀƴŘ ǎǇƛƪŜǎ ƛƴŎƭǳŘŜ άǊŀƴŘƻƳƛȊƛƴƎέ ŦŜŀǘǳǊŜǎ ǿƘŜƴ ŀǇǇƭȅƛƴƎ 5wΣ ƻǊ ƛƴ ǘƘŜ 

case of TOU utilizing dynamic rates.   

 
Figure 78. Residential aggregated load profiles before and after DR implementation with load change 

The Company intends to pursue ongoing DR experiments, eventually with 100% curtailments and over 

longer time periods, to further determine the effects and practical limits of shifting EV loads utilizing DR, 

including the rate of customer opt-outs and satisfaction levels.  Experiments to date demonstrate the 

acceptability of 75% peak load shifts for 85% of residential charging sessions, from a customer 

perspective.  The practicality of utilizing networked EVSE for DR at scale, however, in a reliable and 

economically beneficial way will depend on much lower EVSE and networking capital and O&M costs, 

high uptime and online performance, and high customer participation rates.  Integration with utility AMI 

systems could help reduce communication costs and improve reliability, however this will require 

industry technology and product development, as no commercially available systems currently exist that 

Avista may implement.  In spite of these challenges, the Company feels that the effort to understand 

and effectively manage EV loads, consistent with the UTC Policy Statement, is important and should 

continue.  This may involve the development and experimentation in a variety of methods and 

technologies, as it will become ever more important to integrate and optimize growing EV loads in the 

future as a flexible grid resource.  In this regard, the inherent benefits of utilizing workplace charging to 

effectively minimize peak loads as well as support beneficial EV adoption, stand out as a focus area with 

excellent potential. 
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Residential DR Comparison with other TOU studies 

A 2014 study completed by DTE and EPRI40 compared the charging habits of customers given the choice 

of a flat rate for $40 per month, and a TOU rate of $0.18 on peak from 9am to 11pm on weekdays, and 

$0.07 off peak from 11pm to 9am on weekdays and all-day on weekends.  Results showed a shift from 

22% of EV charging energy consumed off peak in the flat 

rate, up to 62% off-peak with the TOU rate, comparable 

ǘƻ !ǾƛǎǘŀΩǎ 5w ƎǊƻǳǇ ǿƛǘƘ сп҈ ŎƻƴǎǳƳŜŘ ƻŦŦ-peak.   

 

A 2015 study completed by the utility Pepco also in 

conjunction with EPRI,41 examined residential load 

profiles of EVs with a TOU rate in effect.  Customers were 

given the option of TOU rates applied to the entire home, 

or just the EV.  The on-peak period applied from noon to 

8pm and all other hours were off-peak, with a rate 

differential between $0.10 and $0.11.  Customers 

choosing the EVSE-only TOU rate consumed 93.7% of 

charging kWh during off-peak hours, significantly higher 

than the 77% of energy consumed off-peak in !ǾƛǎǘŀΩǎ 5w 

programΣ ŀƴŘ ǘƘŜ сн҈ ŎƻƴǎǳƳŜŘ ƻŦŦ ǇŜŀƪ ƛƴ 5¢9Ωǎ ¢h¦ 

program.  This appears to be most likely due to individual 

education about the TOU rate and its benefits with 

participants, demonstrating the potential results of 

effective customer outreach and education.   

 

²ƛǘƘ ƳƻǊŜ ǘƛƳŜ ŀƴŘ ŜȄǇŀƴŘŜŘ ŜȄǇŜǊƛƳŜƴǘŀǘƛƻƴΣ ƛǘ ƛǎ ŜȄǇŜŎǘŜŘ ǘƘŀǘ !ǾƛǎǘŀΩǎ 5wκ±мD ŎƻǳƭŘ ŀǇǇǊƻŀŎƘ фл҈ 

off-ǇŜŀƪ ŎƻƴǎǳƳǇǘƛƻƴΣ ŎƻƳǇŀǊŀōƭŜ ǘƻ tŜǇŎƻΩǎ ǎǘǳŘȅΦ  hǾŜǊŀƭƭΣ ǘƘŜǎŜ ǊŜǎǳƭǘǎ ǊŜǇǊŜǎŜƴǘ ŀ ǇǊŜƭƛƳƛƴŀǊȅ 

comparison between the effectiveness of TOU compared to DR/V1G in shifting peak loads, from a 

customer behavior and acceptance perspective. 42  Cost effectiveness must take into account other 

factors, such as the reliability and costs to implement each method, e.g. separate metering, EVSP support 

and communication fees, etc.   

 

The 2015 EV Project (EVP) collected data from 869 EVSE in San Francisco, with an off-peak TOU rate 

available starting at midnightΦ  !ǎ ŀ ǇǊƻȄȅ ŦƻǊ 5wΣ ǘƘŜ 9±tΩǎ {ŀƴ CǊŀƴŎƛǎŎƻ ǊŜǎƛŘŜƴǘƛŀƭ ǿŜŜƪŘŀȅ ŎƘŀǊƎƛƴƎ 

profile is ŎƻƳǇŀǊŜŘ ǘƻ !ǾƛǎǘŀΩǎ ǊŜǎƛŘŜƴǘƛŀƭ 5w profile, where !ǾƛǎǘŀΩǎ уǇƳ ŎƻƴŎƭǳǎƛƻƴ ƻŦ 5w coincides with 

                                                      
40 EPRI, DTE.  ά5¢9 9ƴŜǊƎȅΥ 5ǊƛǾƛƴƎ ǘƘŜ aƻǘƻǊ /ƛǘȅ ¢ƻǿŀǊŘ t9± wŜŀŘƛƴŜǎǎέ όнлмо) 

 
41 EPRI, Pepco.  άPepco Demand Management Pilot for Plug-In Vehicle Charging in Marylandέ (2015) 

 
42 tŜǇŎƻΩǎ ǎǘǳŘȅ ƘŀŘ ŀ ǎŀƳǇƭŜ ǎƛȊŜ ƻŦ 35 participants enrolled in the EVSE-ƻƴƭȅ ¢h¦ ǊŀǘŜΣ ŎƻƳǇŀǊŜŘ ǘƻ рм ǇŀǊǘƛŎƛǇŀƴǘǎ ƛƴ !ǾƛǎǘŀΩǎ 5w ǎǘǳŘȅ 

after accounting for connectivity issues.  In contrast, the much larger DTE study was carried out with 2,500 participants.   

 

 

Time period 
% of total 
energy 

consumption 

      
DTE flat 

rate  

On-peak  
(9am - 11pm weekdays) 78% 

Off-peak  
(11pm ς 9am & weekends) 22% 

DTE TOU 
rate  

On-peak  
(9am - 11pm weekdays) 38% 

Off-peak  
(11pm ς 9am & weekends) 62% 

Pepco 
TOU rate  

On-peak  
(12am -8pm) 6% 

Off-peak  
(8pm ς 12pm) 94% 

Avista no 
DR 

On-peak  
(4pm ς 8pm) 36% 

Off-peak  
(8pm ς 4pm) 64% 

Avista DR 
/V1G 

On-peak  
(4pm ς 8pm) 23% 

Off-peak  
(8pm ς 4pm) 77% 

Table 18: Comparison of On-Peak and Off-Peak Charging 
in DTE, Pepco, and Avista studies 
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the EVP 12am TOU start time.  One similarity between the two profiles is the demand spike that occurs 

immediately after the delayed charging event, at 1.3 kW ŦƻǊ !ǾƛǎǘŀΩǎ ǇǊƻŦƛƭŜ compared to 1.4 ƪ² ŦƻǊ 9±tΩǎ 

profile.   

 

Figure 79. Comparison of Avista and the EV Project's Profiles with Delayed Charging 

hƴŜ ŘƛŦŦŜǊŜƴŎŜ ƛǎ ǘƘŀǘ !ǾƛǎǘŀΩǎ ƭƻŀŘ ŘǊƻǇǎ ōȅ рр҈ ƻǾŜǊ ǘƘŜ ŦƛǊǎǘ ƘƻǳǊΣ ǿƘƛƭŜ ǘƘŜ 9±t ǇǊƻŦƛƭŜ ƛƴŎǊŜŀǎŜǎ ōȅ 

21%.  This could be due to an increasing number of drivers nearing full battery capacity in the Avista 

study, while EVP drivers could conceivably start EV charging sessions sometime after the TOU rate starts 

at midnight.  Also noteworthy is that the EVP study showed higher energy consumption averaging 9.0 

kWh per day for the San Francisco group, compared to 6.0 kWh daily residential consumption for AvisǘŀΩǎ 

DR group. 

Commercial DR  

Avista implemented its commercial DR program at eight charging ports starting in the fall of 2017 at two 

different locations, one fleet with four fleet BEVs, and the other a workplace location with four regular 

EV commuters.  A curtailment of 75% to 1.8kW output was applied to a large time window from 5:30am 

to 10:30pm.  Similar to the residential DR experiments, once outside the curtailment window the EVSE 

could charge up to the maximum rate of 6.6kW until charging was complete.  Examples of actual 

unmanaged and managed sessions are shown below. 
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Figure 80. Example fleet sessions before and after DR 

The chart below shows the aggregate load profile for the fleet site with four EVSE ports and four long 

range BEVs that regularly utilized the charging ports.  Initially the baseline profile had two peaks 

consisting of a peak of 1.4 kW at 12pm and a second, larger peak of 1.5 kW at 5pm.  Average daily energy 

usage totaled 11.3 kWh.  At 12pm, DR lowered demand by 71% compared to baseline, and at 5pm 

demand dropped by 43%.  DR was successful in shifting the peak load to off-peak overnight hours, with 

demand at the 11pm hour peaking at 1.3 kW.  Baseline consumption between 11pm to 5am averaged 

0.1 kWh, compared to DR consumption at 3.2 kWh. 
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Figure 81. Aggregated fleet daily load profiles before and after DR 

The workplace location is a large medical center open 24 hours with staff and visitors charging 

throughout the day and night.  Initially the baseline profile showed two peaks at 8am and 3pm.  After 

ƛƳǇƭŜƳŜƴǘƛƴƎ 5wΣ ǘƘŜ ǎǘŀǘƛƻƴΩǎ ǇǊƻŦƛƭŜ ŦƭŀǘǘŜƴŜŘ ƻǳǘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ, and similar to the fleet DR results, 

energy consumption was dramatically shifted to the offpeak period from 11pm to 5am.  Note that the 

workplace baseline profile was collected before October 2017 when there were four drivers consistently 

charging, and the DR profile that followed had at least seven drivers consistently charging.  

 
Figure 82. Aggregated workplace daily load profiles before and after DR 

While both of these locations were successful in reducing peaks and increasing off-peak demand, one 

major difference was the impact of DR on fully charging EV batteries.  Before DR, EVs would be fully 

charged by the end of the session 78% and 84% of the time for fleet and workplace locations, 
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respectively.  After  implementation of DR events, the workplace location saw the proportion of sessions 

where the EV was fully charged drop to 42%, and the fleet location saw a reduction to 72%.  This 

difference could be caused by the more limited dwell time of the workplace location compared to the 

fleet location, i.e. fleet stations have EVs that are fixed at their locations and capable of charging 

overnight for a larger proportion of sessions, allowing EVs to fully recharge more often.  Note that the 

data only represents individual charging sessions, i.e. an EV that is charged in the morning, leaves during 

the lunch hour and returns to complete charging for the day in a second session, would indicate one 

session that did not fully recharge, and a second that did.  In any case, the significant drop at the 

workplace location warrants further investigation to verify information, determine causes, the effect on 

customer satisfaction, and if warranted, possible remedies. 

 
Figure 83. Comparison of fully charged batteries before and after DR at workplace and fleet locations  
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The utility grid is delineated by three major systems ς generation, transmission, and distribution.  On 

!ǾƛǎǘŀΩǎ ƎǊƛŘΣ ƎŜƴŜǊŀǘƛƻƴ ǇƻǿŜǊ ƛǎ ǎǘŜǇǇŜŘ ǳǇ ǘƻ ƘƛƎƘ !/ Ǿƻƭǘŀges of 115kV or more, traveling long 

distances on the transmission system before the voltage is stepped down in distribution substations, 

typically to 13.5kV using 30MVA transformers.  Each substation commonly has one to three feeder 

distribution lines that each usually run 3 to 5 miles in urban areas and 15 to 20 miles in rural areas.  

Power is distributed on these feeders from the substation to service transformers that step down voltage 

again and supply one or more service points, which are defined as the connection point at the customer 

ƳŜǘŜǊΦ  aƻǎǘ ǎŜǊǾƛŎŜ ǘǊŀƴǎŦƻǊƳŜǊǎ ƻƴ !ǾƛǎǘŀΩǎ 

system serve one to ten service points in 

residential neighborhoods, with an average of 

four. 

 

Modeling by E3 for the Pacific Northwest region and 

independently by Avista for its service territory 

indicates that light-duty EV adoption at baseline or 

higher levels over the next 20 years will provide net 

benefits over costs, in terms of both regional economic 

and utility ratepayer perspectives.  Regional economic 

benefits are mostly due to major fuel savings of EVs.  

Both regional and ratepayer costs are dominated by the 

additional generation capacity required to serve new EV 

loads, with a small contribution from distribution costs, 

and no transmission costs. The analysis that follows 

includes details of distribution grid impacts, the results of E3s Pacific Northwest economic modeling, and 

ŎƻƳǇŀǊƛǎƻƴǎ ǿƛǘƘ !ǾƛǎǘŀΩǎ independent economic modeling.  However, these are the results of 1st-order 

analysis that do not take into account important 2nd-order effects such as distribution feeder 

άōŀŎƪŦŜŜŘƛƴƎέΣ ŀƴŘ ŘŜpend on system loading and cost assumptions contained in the CoƳǇŀƴȅΩǎ ŎǳǊǊŜƴǘ 

IRP, which could change ς perhaps dramatically ς in the future.  As such, this should be viewed as a good 

ŦƛǊǎǘ ǎǘŜǇ ƛƴ ǘƘŜ /ƻƳǇŀƴȅΩǎ ongoing effort to understand how EV loads may be optimally integrated and 

managed, in an evolving system that brings the most benefit to all customers. 

Distribution Grid Impacts 

A first order analysis of light-duty EV loads on distribution transformers was conducted for three 

different scenarios.  The first scenario assumed a single EV load of 6.6kW serviced by each transformer 

Peak Native Load 1,716 MW 

Total Generation Capability 1,858 MW 

Circuit miles of Transmission Lines 2,770 

# of Distribution Substations 170 

Circuit Miles of Distribution Feeders 5,429 

# of Service Transformers 88,783 

# of Retail Electric Meters 384,838 

Annual kWh per Residential Customer 10,658 

Table 19: Avista's Electric Grid - Quick Facts 

Grid and Economic Impacts 

Figure 84: Utility grid - generation, transmission, and distribution 
systems (source: USDOE) 
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in addition to existing loads, which equates to a roughly 25% EV adoption rate.  The second scenario 

assumed 50% of service points with an added EV load of 6.6kW, and the third with 100%.   

The electrical power demand on a service transformer from EVs is modeled as: 

PEV_aggregate = nEV * EVSE * CF 

Where: 

PEV_aggregate = Additional power demand created by simultaneous EV charging 

nEV = number of EVs downstream of a given service transformer 

EVSE = Power required to charge a single EV = 6.6 kW 

CF = coincidence factor = 0 to 1 

 

The CF is the percentage of simultaneous EV loads on a given transformer, compared to the sum of all 

potential loads.  As more EVs are served by a single transformer, the maximum load on the transformer 

increases up to a limit governed by the CF.  The CF curves used for transformer loading are based on 

industry and utility standards, and are directly related to the number of service points with EVs served 

by the transformer.  

Estimated transformer replacement costs of 

$3,516 for underground transformers and 

$2,318 for overhead transformers include 

material and labor costs but do not include 

additional costs such as replacing or 

installing new pole arms, cutouts, arrestors, 

brackets or upsized distribution poles which 

may occur depending on the situation.   

In the first scenario, a single EV load of 6.6 

kW during peak hours was appended to each 

ǘǊŀƴǎŦƻǊƳŜǊΩǎ ŜȄƛǎǘƛƴƎ ǇŜŀƪ ƭƻŀŘΣ ŦƻǊ ууΣтуо 

transformers sized between 15 to 100 kVA, 

each with 10 or fewer service points.  A single 

EV served by each transformer is equivalent to an overall EV adoption rate of 23%.  As a result of this 

load, 5.9% (5,280 of 88,783) of residential transformers exceeded their overloading limits as determined 

by IEEE Std C57.91.43 

In the second and third scenarios, applying EV loads to 50% of service points on all transformers caused 

the peak load to exceed the failure threshold on 19.7% of transformers, compared to a 30% failure rate 

for the scenario with 100% EV service points.  Upgrade costs for the 50% and 100% adoption scenarios 

were $46.9 million and $72.6 million, respectively.   

 

                                                      
43 IEEE C57.91-2011 ς Guide for Loading Transformers and Step-Voltage Regulators. https://standards.ieee.org/standard/C57_91-
2011.html 
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Figure 85: EV charging coincidence factor used in economic modeling 
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Note that unusual situations that could alter 

charging behavior were not modeled.  For example, 

a higher level of EV charging might occur before a 

major storm if customers felt there was a risk of 

pending power outages, which could cause 

additional transformer overloads and failures.  Also, 

it was assumed that only one EV will charge at a time 

at a given residence, even though at high EV 

adoption rates many households would have more 

than one EV, and some of them may choose to install 

multiple EVSE so that both EVs could charge 

simultaneously. 

 

Feeders are typically designed and built with 10 

MVA capacity, ideally operating at 6 MVA with 

overload concerns at 8 MVA.  This is done to allow 

ŦƻǊ ŦŜŜŘŜǊ άōŀŎƪŦŜŜŘƛƴƎέΣ ǿƘŜǊŜ ŀ ƎƛǾŜƴ ŦŜŜŘŜǊ 

may take on some of the load from other feeders 

in the event of issues and repairs.  Assuming 

uninfluenced EV load profiles, first-order analysis 

ƻŦ ŀ ǎŀƳǇƭŜ ƻŦ !ǾƛǎǘŀΩǎ ŦŜŜŘŜǊǎ ǎƘƻǿŜŘ оо҈ 

reached the 8MVA threshold and were therefore 

ŎƻƴǎƛŘŜǊŜŘ άoverloadedέΣ assuming baseline EV 

adoption and all other existing loads held 

constant, rising to 47% overloaded with 50% EV 

adoption and 67% with 100% adoption.  

Reconductor costs for urban feeders average 

$400k per mile, compared to $300k per mile for 

rural feeders.  In turn, impacts to feeders can result in impacts to substations, with the need to increase 

the number of feeders or in some cases build a new substation, at an average cost of $2.5M per 

substation.  Note that detailed information at many points in the distribution system for existing loads 

and forecasts, and sophisticated modeling is required to take in to account important 2nd-order effects 

such as feeder backfeeds and cascading impacts to substations with more certainty. 

 

Based on analysis of detailed feeder-ƭŜǾŜƭ Řŀǘŀ ŦƻǊ ŦƻǳǊ ǳǘƛƭƛǘƛŜǎ ƛƴ ǘƘŜ tŀŎƛŦƛŎ bƻǊǘƘǿŜǎǘΣ 9оΩǎ ǎǘǳŘȅ 

showed an average distribution cost of $27 net present value (NPV) per EV over the 2017-2036 time 

period.  In other words, an NPV of $27 represents the total additional costs to the distribution system 

over the 20-ȅŜŀǊ ǘƛƳŜ ŦǊŀƳŜ ƻŦ ǘƘŜ ǎǘǳŘȅΣ ŦƻǊ ŜŀŎƘ 9± ŘǳǊƛƴƎ ǘƘŀǘ ǘƛƳŜΦ  !ǾƛǎǘŀΩǎ ŀƴŀƭȅǎƛǎ ƛƴŘƛŎŀǘŜǎ ŀƴ 

average distribution cost of $38 NPV per EV over a similar 2019-2038 time period.  In both studies, similar 
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Figure 86: Failure rate of residential transformers from EV loads 

Figure 87: Distribution feeder overloads from EV loads, assuming all 
other loads held constant  




