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Abstract
Energy-as-a-Service (EaaS) is a private business model that enables consumers 
to subscribe to an energy service (such as lighting), rather than purchasing the 
equipment necessary to provide that service (such as light fixtures). In the past, 
EaaS has helped encourage the deployment of low-carbon technologies like 
energy efficient equipment by eliminating high upfront costs for consumers. In this 
paper, we assess how the EaaS model can be used to help overcome barriers for 
electrification of energy end-uses like vehicles and water heaters, which is critical 
for reducing carbon emissions from transportation and buildings. We explore the 
potential of two basic hypothetical EaaS business models: a subscription for energy 
management, which involves optimizing energy usage in order to minimize costs, 
and a subscription for energy services, which enables consumers to use an energy 
service such as hot water without purchasing the necessary devices. These business 
models are possible under two different frameworks, a time-varying pricing variant 
and a demand-response variant, that allow service companies and customers to 
benefit from these business models. Our main findings are as follows:

• EaaS improves access to low-carbon technologies by removing or reducing 
high up-front costs for expensive electrical equipment or devices, such as 
electric vehicles or grid-connected water heaters, by converting the payment 
into a monthly subscription fee.

• EaaS enables consumers and businesses to take advantage of benefits of 
electrification through device management, such as providing grid services 
or saving money on energy expenses, that may not be available to consumers 
under private ownership.

• A subscription for electric energy services can also mitigate some of the grid-
related issues that arise with electrification, such as reducing the need for more 
peaking capacity.

• An absence of companies in this space could indicate that barriers to entry 
exist; policy intervention and regulatory changes can help remove some of 
these potential barriers and enable more EaaS companies to thrive. 
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1.  Introduction
In 2018, greenhouse gas emissions from transportation and commercial and residential 
buildings accounted for 47 percent of all US emissions (EIA 2019). Unlike the 
electricity sector, which has several carbon-free alternative resources (e.g., renewable 
energy, nuclear), these other sectors have fewer zero- or low-emissions alternative 
energy resources available. Consequently, electrifying transportation and building 
end uses is considered a viable option for reducing greenhouse gas emissions from 
these sectors, especially as the electricity system continues to decarbonize. Indeed, 
a growing number of states, including New York, New Jersey, and Washington, are 
adopting laws and implementing associated regulations that chart a path toward deep 
decarbonization of their entire state economies by 2050. Many of the states pushing 
for economy-wide carbon neutrality have also announced electrification targets and 
explicit policies to promote greater electrification of transport and building energy use 
as part of their strategies.

While electrification could be an effective approach to reducing emissions from 
transportation and buildings, transitioning away from the use of fossil fuels is a 
significant undertaking. The United States has nearly 280 million registered light-duty 
vehicles,  and approximately 95 percent of light-duty vehicles still run on gasoline 
(NHTS 2017). Residential and commercial buildings together used 8.45 trillion cubic 
feet of natural gas in 2018, which was nearly 12 percent higher than use in 2017 (EIA 
2019). Additionally, record low prices of oil and natural gas in early 2020, which are 
projected to continue for some time, make switching away from fossil fuels even less 
attractive. Transitioning these sectors away from the use of fossil fuels is therefore a 
significant task and will require public encouragement and private sector investment. 

Governments can encourage this transition through several different policy 
mechanisms, such as carbon policies (like a carbon tax or cap-and-trade) that 
make fossil-fueled equipment relatively more expensive than electric equipment, or 
through subsidies (a less efficient policy option) for electric vehicles or water heaters. 
However, these policies alone will likely not be sufficient for achieving widespread 
electrification, since they do not address other potential market barriers, such as 
uncertainty about new technology performance or capital constraints (Iyer et al. 2015), 
that may impede private investment in electrification. Additionally, they do not capture 
other benefits and, to some extent, costs to the grid of ramping up the use of these 
electric technologies. Electric vehicles, for example, can serve as valuable grid assets 
by providing grid services such as voltage or frequency control. Government policy 
therefore is needed to adequately address these barriers to private investment in 
electrification and enable consumers to take advantage of some of these benefits that 
are outside the energy services these technologies provide. Doing so could encourage 
the deployment of electric technologies while reducing the need for less-effective 
electrification policies like equipment subsidies. 

Energy-as-a-service (EaaS), as explained in an RFF issue brief, is a private-sector 
business model that can help overcome barriers to low-carbon technology deployment, 
but it may face challenges and barriers to adoption that require regulatory and 

https://www.rff.org/publications/explainers/electrification-101/
https://www.experian.com/content/dam/marketing/na/automotive/infrographic/Q3-2019-VIO-Infographic-Dec-2019-2.pdf
https://www.rff.org/publications/working-papers/energy-service-business-model-expanding-deployment-low-carbon-technologies/
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policy changes to overcome. EaaS can facilitate private investment in electrification 
and capture additional benefits and costs associated with electric technologies like 
vehicles and water heaters that are not included in consumer decisions regarding the 
purchase of these products. For example, EaaS companies can use aggregations of 
electric vehicles or water heaters as demand-response resources to earn revenue in 
wholesale electricity markets. 

EaaS can expand and potentially expedite the transition to an electrified economy by 
enabling service companies to potentially earn revenues from these additional services 
provided by electrification that are not realized under individual private ownership 
or management structures. It can also preemptively address some potential issues 
with electrification before they arise, such as avoiding coincidence with system peak 
demand, which could require more peaking capacity with associated higher costs for 
customers (van Vliet et al. 2011), or strains on local distribution grid infrastructure. 
Relative to the traditional energy device ownership and operation model for customers, 
EaaS captures value in the form of private benefits, such as low-cost energy services, 
and societal benefits of electrification while minimizing potential negative impacts to 
the grid. These benefits include energy conservation and shifting of energy demand 
in time to reduce costs and assist with the integration of intermittent renewable 
resources. 

If the service company business model enables profits from electrification, economic 
theory suggests that firms will enter the market naturally unless they face barriers to 
entry. While some companies currently offer vehicle charging services, the absence of 
companies in this space for other types of services may indicate that barriers to entry 
are present for EaaS. Consequently, some policy action may be necessary to enable 
these types of business models to be profitable. 

This paper is divided into two parts. Part I (sections 2 and 3) explores the potential of 
EaaS to promote investment in electric technologies and minimize negative impacts 
of electrification. Section 2 introduces potential EaaS business models for the use 
and management of electric vehicles and water heaters and describes how these 
business models would function under different electricity pricing frameworks. Section 
3 examines the different types of benefits from EaaS and how the EaaS model helps 
overcome obstacles to electrification of vehicles and water heaters under current 
ownership and rate structures. 

Part II discusses the challenges and barriers that these EaaS business models face, 
which impede their use to encourage electrification and provide the benefits described 
in Part I. Section 4 discusses various regulatory hurdles and practical limitations to the 
implementation of these business models, and Section 5 considers implications for 
policy or regulatory actions necessary to overcome these barriers. Section 6 suggests 
areas for potential future research relevant to EaaS models for electrification, and 
Section 7 concludes. 

https://www.resourcesmag.org/common-resources/preparing-electric-vehicle-future-through-use-managed-charging/


Encouraging Electrification through Energy Service Subscriptions 3

Part I: Using EaaS Models to 
Encourage Electrification

Energy-as-a-service business models can 
improve access to cleaner electrical equipment, 
provide grid benefits, and help avoid negative 

impacts of electrification. This section first 
introduces potential applications of the 

subscription service business model for electric 
vehicles and water heaters and different revenue 

model variants and later discusses the various 
benefits of these models in application.   
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2.  Potential Energy-as-a-Service 
Business Models 
The following business models (Table 1) are examples of potential energy services that 
could help encourage the deployment of electric vehicles and water heaters. Some of 
these models are currently used by existing companies, while others are hypothetical. 

These models help overcome barriers to adoption of electric technologies by reducing 
up-front and operational expenses for customers. Suppliers can benefit from steady 
revenue streams and can receive additional benefits that customers may not have 
access to, such as revenue from participation in wholesale markets or timing of 
electricity consumption to enable energy cost minimization. The benefits of these 
models for encouraging electrification more broadly and aligning operational incentives 
with grid needs are discussed in Section 3. 

2.1.  Business Model Frameworks
In the models in Table 1, service companies do one of two things: They may provide 
customers with an energy service, such as hot water, while retaining ownership of 
the equipment. Or, they may provide software and associated devices that manage 
the energy usage of the equipment that customers own, thereby optimizing energy 
consumption and saving customers money on operational expenses.

EaaS companies would be incentivized to provide these services to consumers 
because they offer consistent revenue streams, as well as the potential to reduce 
energy costs from load shifting and create additional revenue from providing ancillary 
services that these grid-connected technologies can offer. 

To take advantage of these additional benefits, these business models depend on the 
ability to earn revenues from either offering demand-response service to the grid or 
responding to time-varying prices of electricity (including real-time pricing), or both. 
The method that a service company chooses to pursue depends on regulations and 
rate design in place in a given area. 

2.1.1.  Demand-Response Variant

In the demand-response model, service companies manage a portfolio of distributed 
devices (electric vehicle chargers or water heaters) that can be controlled through 
software and, in some cases, associated control devices. During a demand-response 
(DR) event, which calls for reduction in electricity consumption during times of high 
demand, the service company would reduce the energy consumption from its portfolio. 
Participation in DR events generates revenue through regional energy and capacity
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Table 1. Potential Energy-as-a-Service Business Models

Service Model

Service Type

Description

Software Equipment

Electric Vehicle 
Charging 
Infrastructure

Commercial

Subscription service for access to commercial 
EV chargers with embedded software that 

manages EV charging. Businesses (like grocery 
stores, shopping malls, etc.) can install EV 

chargers in their parking lots for no upfront fee 
and can earn revenue by charging customers for 

use of the chargers.  
(Example – Chargepoint’s service offer) 

Residential

A subscription service for home EV charging that 
includes installation and maintenance of an EV 

charger. Customers have access to a home charger 
at a low monthly cost and benefit from energy cost 

savings provided by the smart software.  
(Example – Enel subsidiary eMotorWerks 

product “JuicePlan”)

Electric Vehicles 
Operation

Charging 
Only

Subscription service for software that controls 
EV charging to minimize energy costs. 
Customers benefit from cost savings. 

Use and 
Maintenance  

Subscription service for an electric vehicle, 
inclusive of all maintenance costs (including 

possibly free battery replacement) and software 
that manages energy use to minimize costs. 

Water Heating

Management

Subscription for software that manages water 
heating to help customers minimize energy 

costs. The services company could also take 
over payment for the electricity and charge the 

customer a fixed rate for the software and energy. 

Use and 
Maintenance  

Subscription for a water heater that includes 
operation and maintenance of the device’s 

energy use.  

https://www.chargepoint.com/products/cpaas/
https://evcharging.enelx.com/juiceplan
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markets run by regional transmission organizations (RTOs). Service companies can 
participate in these markets by aggregating many vehicles or water heaters together 
as demand-side resources that, altogether, can reduce a sizable portion of load during 
peak hours. 

DR events generally occur only during critical peak periods, which are rare and may 
happen just a few days per year, which limits potential energy revenues that DR 
resources can earn. However, DR resources can earn substantial capacity revenues 
in wholesale markets as compensation for being available to be called on to reduce 
consumption when needed. In 2019, for example, DR providers participating in PJM’s1 
wholesale markets earned a total of over $483 million in capacity revenues versus less 
than $1 million in the energy market (PJM 2020). 

In addition to participating in DR events, these resources can provide ancillary services 
in regulation markets by adjusting charging use patterns to provide frequency 
regulation or respond to momentary fluctuations in generation, which is particularly 
relevant for integrating variable renewables. 

Demand response is possible for all the models listed in Table 1, even if the service 
company only manages the vehicle’s or water heater’s energy consumption through 
software but does not own the equipment. Service companies can still provide benefits 
for customers under the software service cases by helping them reduce their energy 
bills and by earning revenue through participation in wholesale markets. 

2.1.2.  Time-Varying Pricing Variant

These EaaS models are also feasible under time-varying pricing tariffs. In most utility 
service territories, customers pay flat rates for electricity use even though wholesale 
electricity prices vary over time depending on the level of electricity demand for 
electricity and the cost of the marginal generator. If customers were exposed to these 
fluctuations in price through real-time retail electricity prices, however, it could help 
harmonize customer behavior with grid operations by shifting energy consumption 
in time. Time-varying rates would encourage consumers to conserve energy during 
peak periods and consume electricity during periods of low prices and high generation, 
particularly renewable energy generation. 

Under a real-time pricing construct, consumers with electric vehicles or water heaters 
could benefit significantly from shifting energy consumption to periods with low prices. 
However, doing so could be time-consuming and difficult to manage, which provides 
an opportunity for an energy service company to take on this role. 

If real-time pricing is in place, with retail prices mirroring the real-time fluctuations in 
wholesale prices, the service company would charge a customer a fixed monthly fee 
for device energy usage and management (vehicle or water heater) and profit from the 
energy savings associated with preheating or charging during periods with low prices 

1  PJM is the regional grid operator for 13 mid-Atlantic states plus the District of Columbia.
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(given customer-specified time constraints). The customer, in turn, would benefit 
from reduced energy costs relative to unmanaged heating or charging. As cell phone 
companies do for phone data usage, service companies could adjust the fixed fee for 
customers depending on monthly miles traveled or total water consumption.

Unlike in the demand-response model, here the service company would interface 
with the utility only at the retail level and would not need to participate in wholesale 
markets.2 Under a real-time pricing model, the service company profits from charging 
devices during low-price periods while charging the customer a fixed rate for those 
services. Real-time pricing reduces the need for demand response because high prices 
during peak hours serve as direct signals to consumers (or the service company acting 
on the customer’s behalf) to reduce energy use. However, it is possible that the service 
company could still bid into wholesale markets to provide ancillary services, such as 
frequency control or regulation. 

Because real-time pricing aligns retail prices closely with wholesale energy prices, 
it has advantages over the demand-response model for aligning usage of electrical 
devices with grid operations, a benefit that is discussed in Section 3. As a result, the 
EaaS models that operate under real-time pricing constructs are more likely to result 
in greater benefits to society with respect to aligning demand to meet the needs of the 
grid, providing more value to consumers through higher potential savings. 

Notably, real-time pricing is not common in the United States, but this variant might 
still be possible under a time-of-use rate. However, the potential energy savings and 
grid benefits from time-of-use pricing are lower than under real-time pricing because 
the real-time price varies more frequently and substantially, allowing the service 
company to reap greater benefits from optimal charging. Time-of-use pricing might 
also be more compatible with water heaters than with vehicles because water heaters 
are plugged in 24/7. For vehicles, off-peak pricing under time-of-use pricing tariffs 
typically occurs at night, which is when vehicles would likely be plugged in anyway.3 
Thus because the price varies far less frequently and a time-of-use tariff would be 
more straightforward for a driver to take advantage of by charging only at night, the 
service company would not provide much additional value to a customer in terms of 
energy cost savings achievable through optimizing charging. Therefore, electric vehicle 
drivers may be less inclined to contract with a service company to save on energy 
costs under a TOU rate. 

2  An open question is how much of the legacy or fixed costs of the transmission and 
distribution (T&D) system should be passed on to newly electrified loads. Offering these 
new sources of demand a discount on T&D charges that raises the returns to consumers 
of switching from fossil fuels to electricity could encourage electrification and thus also 
the returns to the EaaS company.

3  Note that this phenomenon is changing in regions where solar power is growing in 
importance, driving a midday increase in supply that serves to depress wholesale prices, 
sometimes below night-time levels, thereby creating a different and evolving time profile 
of electricity costs across the day.



Resources for the Future 8

Also, unlike demand response and RTP, demand response and TOU pricing are 
not mutually exclusive. TOU prices do not typically change on a day-to-day basis, 
thus allowing DR to play a role in reducing demand during extreme or critical peak 
periods. Therefore, it is possible for a model to use both TOU pricing and provide 
demand response, as was done in the Pacific Gas and Electric (PG&E) pilot program 
called ChargeForward. Incorporating TOU rates into this model and allowing service 
companies to control when vehicles charge and thereby profit from the difference in 
electricity prices (by taking over electricity payments and charging the customer a 
fixed rate) can add value to EaaS models that rely on demand response. 

2.2.  Profitability Potential
The profitability of these models will certainly depend on multiple factors, including 
electricity prices in the area, the variation in electricity prices throughout the course 
of the day, prices that customers are willing to pay for the service, software costs, and 
the size of a company’s portfolio. In a simple example, Synapse Energy Economics 
estimates that under Southern California’s time-of-use rate structure, the average EV 
owner can save about $400 per year if charging is done off-peak rather than during 
the late afternoon peak (Allison and Whited 2017). When coupled with DR capacity as 
well as energy and additional ancillary services revenues, and aggregated over many 
vehicles, managing this charging activity could be quite profitable, dependent, of 
course, on the costs of providing software services. Potential savings could be even 
higher with real-time prices that vary more substantially over the course of a day. 

For water heaters, the Brattle Group finds that the net benefits of heating during off-
peak hours coupled with additional revenues from providing frequency regulation 
services to the grid can yield benefits of up to $200 per year per customer, which 
they find would pay for the electric water heater within five years (Hledik et al. 2016). 
For service companies, retaining ownership of these devices could have very positive 
returns, especially if customers sign long-term contracts. 

Profit will depend on customer demand and willingness to pay, energy savings, and 
various wholesale market revenues minus the costs of providing the service, and each 
business model outlined above likely has different values for these revenues and costs. 
Consequently, it is possible that some will be profitable while others will not. That fact 
that companies such as eMotorWerks and ChargePoint are already offering services for 
equipment and software suggests that these types of business models can potentially 
be profitable under the right circumstances. 

Profitability for EaaS companies will also depend in part on a company’s ability to 
achieve scale by serving multiple localities and markets.  Both acquiring customers 
and handling data supplied by local utilities in a variety of different formats could be 
complicated and challenging.  Adopting national standards for data sharing and inter-
operability would ease the burden for EaaS companies of operating in multiple markets 
and potentially raise the number of competitors that consumers in any given market 
have to choose from, since the investment in dealing with local data formats does not 
convey an advantage to early movers in a local market.
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3.  Benefits of EaaS Models for 
Electrification
EaaS models for electric vehicles or water heaters could potentially expedite 
electrification by expanding access to these clean technologies and by capitalizing on 
the grid benefits that individual users are unable to take advantage of. 

3.1.  Improved Access
The first benefit that these models can provide is improved access to clean electric 
technologies. The business models that provide equipment eliminate the need for up-
front capital expenditure from customers by recovering the cost of the equipment in 
subscription fees over the duration of the contract (service companies would likely 
impose a minimum term to ensure recovery of equipment costs). 

Electrical equipment tends to have higher upfront capital costs relative to their fossil-
fueled counterparts, which can deter consumers from purchasing them, thus limiting 
accessibility to these cleaner technologies. Electric vehicles, for example, are more 
expensive than gasoline vehicles and require additional home charging infrastructure, 
which can cost roughly $500 to several thousand dollars in equipment and installation 
costs. 

Consumers can face capital constraints in purchasing expensive electrical equipment, 
even if the associated energy cost savings more than offset the higher up-front 
equipment cost, a phenomenon that can also be present in the market for energy-
efficient devices (Gillingham and Palmer 2014). Sivak and Schoettle (2018) found that 
the annual cost of operating an electric vehicle in the United States is about $632 less, 
on average, than the cost of operating a gasoline vehicle (assuming an average price of 
$2.441 per gallon). Assuming people hold on to cars for an average of eight years and 
have an implicit discount rate of 7 percent, an electric vehicle could cost nearly $4,000 
more up-front relative to a gasoline car and still be worth the investment in net present 
cost savings. This number would be even higher for people who drive more than the 
average 11,500 miles per year that was assumed in the Sivak and Schoettle study. 

However, electric vehicles (EVs), on average, tend to be a lot more expensive than 
gasoline cars (Enel X 2019), and those higher equipment costs would tend to offset the 
energy savings. Research has shown that customers are reluctant to purchase EVs due 
to the higher up-front cost of the vehicle (Rezvani et al. 2015). This cost also increases 
linearly with battery size (typically measured in kilowatts [kW]), and the vehicle is more 
useful the larger the battery because of the longer range provided (Egbue and Long 
2012). 

In addition to cost constraints, EV deployment also faces barriers due to a lack of 
publicly available charging infrastructure, which contributes to range anxiety. As of 
March 2020, approximately 25,000 public charging stations were available in the 
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United States (AFDC 2020a), less than a quarter of the number of gasoline stations. 
The more public chargers available, the more useful an EV becomes for a driver.

Electric water heaters can face similar cost constraints. While electric water heaters 
typically cost less than their natural gas–fired counterparts, grid-connected electric 
water heaters, which enable communication with the electric grid and can provide 
substantial operational cost savings to users and environmental and grid-related 
benefits, cost more than standard electric water heaters, and the incremental cost 
of making an existing electric water heater grid accessible can be even higher than 
bundling the capability into a new water heater (Hledik et al. 2016). 

The EaaS models outlined above in which service companies retain ownership of 
this equipment can help overcome some barriers to electrification. Business models 
that involve the service company retaining vehicle ownership and leasing the car to 
a customer can help reduce the burden on the customer of making a high up-front 
payment or of procuring outside financing for a new vehicle that might save them 
money on operational expenses over the lifetime of the vehicle. For water heaters, a 
service company that owns and operates grid-connected water heaters or retrofits and 
manages existing water heaters could similarly help improve access to these devices, 
both by converting up-front costs to monthly payments for service subscribers and by 
helping customers save on energy expenses throughout operation. 

Service companies that provide commercial EV chargers can help increase deployment 
of chargers, which can ease range anxiety and increase the number of businesses 
that offer EV charging stations. For example, ChargePoint, a company that sells EV 
charging hardware and software, offers a service product that allows businesses to 
install and manage EV charging stations with no up-front installation cost, which can 
increase deployment of chargers at commercial locations. 

3.2.  Enabling Grid Services 
Unlike many other demand sources, EVs and water heaters have flexible demand, 
meaning that they can shift their electricity consumption in time because they store 
energy for later use. This flexibility enables them to provide important grid services, 
such as frequency regulation, spinning reserves, and perhaps most significantly, 
energy storage (Yilmaz and Krein 2013; Motalleb et al. 2016). EaaS models enable 
service companies to capitalize on these benefits, which are typically unavailable 
under a private ownership or operation model. The ability to offer grid services 
creates higher societal benefits from electrification and, to the extent those benefits 
can be monetized, can encourage more companies to provide these services. Also, 
the additional revenue streams from these services can translate to lower costs for 
consumers, further encouraging electrification. 

EVs and water heaters can be very cost-effective forms of energy storage used to 
accommodate intermittent renewable generation because they serve a dual purpose. 
Coignard et al. (2018) found that California could use EVs to meet its energy storage 
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mandate at a much lower cost than that for commercial-scale batteries.4 Studies have 
found that electric water heaters can be integrated with renewable energy to reduce 
generator curtailment (Casaleiro et al. 2018; Finn et al. 2011), and Parra et al. (2016) 
found that electric water heaters are more cost-effective battery options for residential 
homes with solar photovoltaics than either lithium-ion or lead-acid batteries. This 
energy storage capability can serve the electric grid more broadly by storing energy 
when it is abundant or cheap and discharging when demand and wholesale electricity 
prices are high, which has significant implications for reducing peak system load or 
assisting in the integration of intermittent renewable energy resources. 

Time-varying prices reflect the relationship between load and supply across hours 
of the day as well as across seasons. During times of high renewable generation 
relative to demand, prices for energy will fall. If cars and water heaters are subject to 
real-time pricing (or other forms of time-varying pricing) and charge during low-price 
periods, they would absorb this renewable energy, which can both reduce emissions 
associated with the use of electricity from emitting generators that come into service 
when renewables are not available and help reduce curtailment of renewable energy 
resources. EVs can reduce electricity sector emissions by both reducing curtailment 
of wind energy and replacing coal and natural gas plants as providers of spinning 
reserves (Pavić et al. 2015). 

For EaaS models operating under a real-time pricing framework, service companies 
can use software to automatically adjust charging of vehicles or water heating in 
response to changes in price in order to minimize the cost of electricity use subject to 
constraints on when services need to be provided. Without software, customers would 
have to manually respond to changes in price to benefit from real-time pricing, which 
would likely be time-consuming and difficult to do, particularly if the price changes 
frequently throughout the course of a day. The EaaS model thus enables customers to 
take advantage of these potential cost savings, which could be substantial. Over the 
course of a day, wholesale energy prices fluctuate greatly. For example, on a typical 
July day in 2019, the system-wide real-time energy price in PJM was over twice as high 
at 1 p.m. as it was at 3 a.m., as shown in Figure 1. On days with high demand, these price 
differentials can be much higher. Automatic response to changes in real-time retail 
prices (that reflect changes in wholesale prices) could therefore significantly reduce 
the cost of charging a vehicle or heating water.  

4  California has a goal of 1,325 megawatts of storage by 2020.
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Figure 1. PJM System-Wide Real-Time Energy Prices on July 15, 2019

 

Source: PJM Data Miner 2, http://dataminer2.pjm.com/list.

This energy price curve can vary significantly by regional market hour by hour and 
from day to day, which makes automatic response to prices critical, as prices can be 
unpredictable. For example, unlike PJM’s, the energy market run by the California 
Independent System Operator (CAISO) typically has the lowest wholesale prices 
during the middle of the day because of a high penetration of solar energy on the grid 
(CAISO 2019). However, this pattern is broken during cloudy days.  

For EaaS models that operate under a DR framework, service companies can reduce 
energy consumption during DR events to earn revenue in wholesale energy and 
capacity markets. Aggregators can also earn additional revenue in the ancillary 
service market by providing grid-balancing services such as frequency control or 
reserves by changing their charging rate based on regulation signals (Yao et al. 2016). 
However, in general, revenues from ancillary services are generally small relative to 
those available from other markets or the energy cost savings possible from response 
to real-time pricing (Denholm et al. 2015), so these products may not be as impactful 
for the revenue stream of EaaS models. But in contrast to the conventional wisdom, a 
2016 Brattle Group report finds that for electric water heaters with additional control 
equipment, providing ancillary services through real-time frequency control response 
to supply fluctuations, which they call the “Fast Response Strategy,” actually yields 
more revenue than either peak shaving during critical peak events throughout the 
year or thermal storage, which uses electricity only during off-peak hours (Hledik et al. 
2016). 

If customers own and operate their electric equipment, they are typically unable to 
provide these grid services because of capacity size restrictions for participation 
in wholesale markets. Service companies can aggregate many demand resources 
together and bid them collectively, allowing them to earn revenue in wholesale markets 
from these services. 

http://dataminer2.pjm.com/list
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EVs can also provide vehicle-to-grid (V2G) service, which, in addition to charging 
during optimal times, enables discharging of electricity to the grid. With V2G, vehicles 
can discharge electricity during times of peak demand or further accommodate the 
fluctuation of renewable energy resources by charging during peak production and 
discharging during periods when renewable generation recedes, a method that can 
further reduce greenhouse gas emissions from vehicles (Yilmaz and Krein 2013).

However, V2G can cause a vehicle’s battery to degrade much sooner than if it 
were used conventionally because of lifetime limits on the number of charging and 
discharging cycles (Bishop et al. 2013). Consequently, EaaS could enable V2G charging 
that might not be feasible under private ownership models because of concerns 
about battery degradation. Under an EaaS model, the service company could treat 
the batteries as demand-side resource assets to reap the benefits of V2G and could 
replace the batteries whenever necessary, assuming that the benefits of V2G charging 
more than offset the costs of battery degradation. 

3.3.  Minimizing Impacts of Electrification
In addition to enabling the provision of grid services, EaaS can help address some 
issues associated with widespread electrification before they arise by aligning the 
incentives of both operating these technologies and operating the grid at large. 

Grid-related issues typically arise from the coincidence of EV charging with peak load 
or the charging of many EVs simultaneously, which can result in high system costs and 
local grid impacts. Because these technologies can use a substantial amount of power 
at once, their coincidence with peak load could result in additional system-wide costs, 
including the need for additional peaking generating capacity, which would be costly 
to ratepayers (Yilmaz and Krein 2013; van Vliet et al. 2011) and potentially emissions 
increasing. More powerful chargers also typically provide a faster charge, which 
consumers likely value, but these fast chargers have greater grid impacts, since they 
draw more electricity from the grid at once. A level 2 home EV charger, for example, 
can draw up to nearly 20 kW of power (AFDC 2020b), which can have a substantial 
impact on total household load if a significant portion of the vehicle fleet becomes 
electric. For comparison, a washing machine uses 0.5 kW, a clothes dryer uses 3.0 kW, 
and a dishwasher uses 1.8 kW, on average. Therefore, charging an EV with a medium 
charger can require up to four times the amount of electricity used when a dishwasher, 
washing machine, and clothes dryer all run at the same time. 
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Table 2. Types of EV Chargers 

Type of charger AC level 1 AC level 2 DC fast charger

Charging load 1.4–1.9 kW 2.5–19.2 kW <90 kW

Charging rate
3 to 5 miles per 

hour
10 to 20 miles per 

hour
60 to 80 miles per 

20 minutes

Source: https://sunlightsolar.com/learning-center/ev-charging/.

Note: The range of costs for EV chargers varies significantly by charger type, location, and 
installation type (business or home). Rocky Mountain Institute estimates that residential level 
2 EV chargers range from about $380 to $689 for equipment (not including installation costs, 
which can bring the total cost up to over $1,000), while 50 kW DC fast chargers can range from 
$20,000 to $35,800 (Nelder and Rogers 2019).

Resistance electric water heaters can face similar (but likely lesser) issues, since they 
use about 4.5 kW of electricity, which is roughly comparable to a lower-end medium 
(level 2) speed EV charger. About 45 percent of US households rely on electric water 
heaters (both resistance and heat pumps, though heat pumps are a very small portion 
of that) (Jadun et al. 2017). Increasing electricity demand is expected for electrification, 
but the impacts of this increase depend on when the electricity is used and if it 
coincides with peak load on the system (presumably, this new load would not be used 
at the same time, even without any load management). 

On the local distribution grid, unmanaged EV charging can cause increased risk of 
blackouts due to network overloads, drops in voltage, and overload of distribution 
feeders at EV penetrations as low as 15 percent of all vehicles, depending on the 
distribution network configuration (Akhavan-Rezai et al. 2012). As the penetration of 
EVs on a local distribution grid increases, the stress on the system rises as well. 

The EaaS models described above can help alleviate some of these issues as 
electrification progresses. In particular, participating in DR events or responding to 
real-time pricing would avoid coincidence with peak load, which reduces the need for 
additional generating capacity to be built to meet very high load by shifting demand in 
time or reducing usage during peak demand periods. Van Vliet et al. (2011) modeled EV 
penetration in the Netherlands and found that just by limiting EV charging to nighttime 
off-peak hours (from 11 p.m. to 7 a.m.), a 30 percent penetration of EVs would cause 
no increase in peak load, as opposed to a 7 percent increase in national peak load if 
charging were allowed at any time of day. 

https://sunlightsolar.com/learning-center/ev-charging/
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Assuming that high load on the grid is positively correlated with local distribution 
issues,5 optimizing energy usage under a DR variant or by responding to real-time 
prices could help reduce impacts to local distribution infrastructure. Responding to 
real-time prices could also avoid coincidence with other vehicles charging, which could 
strain local distribution lines, since presumably the price would rise as the number of 
vehicles charging rises. 

5  This relationship may not necessarily hold and is discussed in Section 6 as an area for 
future research.
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Part II: Overcoming Barriers and 
Challenges Facing Implementation 

of EaaS Business Models 

EaaS  business models have great potential to 
not only encourage electrification but do so in a 

sustainable way. However, various regulatory barriers 
and other challenges stand in the way of these models 

becoming a reality. This part explains the barriers 
that these models face, opportunities to remove these 

barriers, and questions for the future regarding the 
implementation of these business models.
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4.  Challenges and Barriers to Adoption 
Economic theory suggests that markets alone provide incentives for profit-seeking 
entrepreneurs to enter a market or create a new service or product if they believe there 
is a demand for that service and can make a profit by doing so. If potentially profitable 
business models exist but companies are not entering the market to provide that 
service, then barriers to entry may be present. 

As indicated above, some companies have pursued these business models and offer 
energy services like those described. However, broader implementation of such 
business models is limited by several factors, including geographic restrictions, 
regulatory treatment of distributed energy resources (DERs), and availability of time-
differentiated electricity pricing tariffs. The relevance of any particular barrier differs 
across business model types. 

4.1.  Demand-Response Variant
Some challenges and barriers to adoption of the DR variant include geographic 
restrictions on participation in wholesale markets, limited applicability for EVs, and 
limitations of DR as the penetration of vehicles and renewables on the grid grow. .

4.1.1.  Geographic Restrictions 

The DR variant depends on the ability of a service company to aggregate demand-
side resources to bid into wholesale markets. However, aggregation of demand-side 
resources is available only in certain geographic areas. 

The Federal Energy Regulatory Commission (FERC) Order 719 from 2008 requires 
that RTOs and independent system operators (ISOs) allow an aggregation of retail 
customers to bid as demand response in their wholesale energy, capacity, and ancillary 
service markets. This order has since facilitated the formation of many DR companies 
that create value by reducing demand from retail customers. 

However, aggregation of retail customers is available only in the RTO or ISO areas, 
which mostly include deregulated retail electricity states, with a few exceptions such as 
Virginia and several states in the Midcontinent Independent System Operator (MISO), 
like Minnesota. Most southern and western states, with the exception of California, do 
not participate in wholesale electricity markets, since they have vertically integrated 
utilities that price power at regulated prices based on average cost. Consequently, this 
FERC order does not apply to many of these states, which eliminates the possibility of 
using some of these types of EaaS variants in many areas of the country. 6

6  Note that many utilities outside of organized wholesale markets offer programs to 
encourage customers to reduce demand during peak hours, such as air-conditioning 
cutoff programs. However, these programs typically do not require aggregation and are 
designed to be attractive to individual customers.
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Additionally, this order is specific to DR customers, and the aggregation of DERs is 
under a separate docket (RM18-9) at FERC. A notice of proposed rulemaking was 
introduced in November 2016,7 directing each RTO or ISO to develop market rules 
to allow for the participation of distributed energy storage in the energy, capacity, 
and ancillary services wholesale markets, but this proceeding is still ongoing. It has 
received a lot of pushback, particularly from regulated states within RTO footprints, 
such as North Carolina and West Virginia, where the utilities are responsible for making 
investment decisions, not independent generators responding to market signals. 
Senators from these states argue that the decision to allow for DER participation in 
wholesale markets should reside with the states, not FERC. 

The outcome of this proceeding will determine the feasibility of some of these EaaS 
models described above, such as allowing EVs to dispatch energy back to the grid 
through V2G or varying charging rates to offer ancillary services. Without the ability to 
aggregate these resources and bid into wholesale markets, service companies may not 
be able to realize the full value of placing this additional storage on the grid. The ability 
to use EaaS business models to participate in wholesale markets is already restricted 
to regions that participate in wholesale markets, and if states are given the option to 
opt out of allowing DER to participate in those markets, this could further restrict the 
geographic footprint of viable EaaS models. 

4.1.2.  Limitations for Vehicles

Another drawback and potential barrier for the DR variant is its potentially limited 
applicability for EVs, since devices are required to reduce load when called upon. For 
water heaters, which are grid-connected 24/7, this variant can work well. EVs, however, 
disconnect during times of use and are therefore not always available to reduce demand. 

The feasibility of vehicle DR participation was tested in the pilot project 
ChargeForward, operated jointly by PG&E and BMW. The project placed participating 
EV owners on an EV TOU rate to incentivize off-peak charging and allowed PG&E 
to control their charging while they were plugged in, during which time BMW would 
respond to DR events (209 over the course of the pilot) and collect revenue from 
the events. In total, BMW controlled charging of 96 EVs and used backup batteries 
(used EV batteries) to respond to DR events. However, since most DR events occur 
during on-peak hours, a time when most vehicles are not plugged in, actively charging 
vehicles made up on average only 20 percent of the capacity available for the DR 
events, while the rest was met by the backup batteries. 

One option for addressing this challenge would be to include an incentive, such as 
a lower monthly subscription fee, in customer contracts to plug in their vehicles as 
often as possible so they are available to respond to potential DR events. Doing so 
could enable service companies to take advantage of DR events that occur during 
peak hours. However, while encouraging EV drivers to connect their vehicles during 
peak hours that could experience DR events could earn additional revenue for service 
companies and customers, this approach could overload the grid as the number of EVs 

7  Electric Storage Participation in Markets Operated by Regional Transmission Organiza-
tions and Independent System Operators, 157 FERC ¶ 61,121(2016).
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grows. Consequently, this method may be compatible only with a small number of EVs 
on the grid, unless DR events begin to occur later in the evening, when many vehicles 
might be charging.   

4.1.3.  Limitations of Demand Response 

As discussed earlier, demand response may be quickly becoming an outdated method 
of load control as digital technologies, programmable digital controls, and real-time 
electricity meters become more prevalent. Demand-side resources can provide more 
than just load shedding but can provide value by shifting load in time.8 Demand 
response combined with TOU pricing could still enable some of these business models, 
but real-time pricing is likely more effective at managing charging, as it allows for 
automated and more flexible responses to both high (peak) and low (super off-peak) 
electricity prices. 

The DR variant may help with minimizing local distribution impacts but may not be 
useful in integrating renewables, since solar, in particular, is available only during the 
day, when many of these vehicles may not be plugged in, especially without incentives 
for drivers to do so. 

The real-time pricing variant, by contrast, allows the service company to earn revenue 
based on the difference between the rate it charges the customer and the real-time price 
of electricity whenever the car is plugged in. Therefore, it could hold a significant advantage 
over the DR variant, especially when there are large differences between average and 
off-peak prices. Real-time pricing is also able to encourage integration of renewables 
through low prices during hours of generation abundance, while demand response reduces 
consumption only during times of high energy prices and scarce generation.  

4.2.  Time-Varying Pricing Variant
Challenges for using the time-varying pricing variant include tariff restrictions and 
limitations in applicability for vehicles.

4.2.1.  Tariff Restrictions 

EaaS models are likely more beneficial for consumers and the grid at large if done 
under real-time pricing rather than the DR variant. However, real-time pricing is not 
available in most utility zones across the country, with a few exceptions, including 
Illinois utilities Commonwealth Edison and Ameren. 

Research has shown that real-time pricing provides system efficiency benefits relative 
to flat electricity pricing by allowing prices to rise during peak periods and thereby 
reducing demand (Holland and Mansur 2006). Despite these benefits, real-time pricing 
is known to be politically challenging to implement. Borenstein (2007) finds that real-

8  See https://www.utilitydive.com/news/demand-response-is-dead-long-live-flexi-
watts/558389/ for the new idea of the Flexiwatt.

https://www.utilitydive.com/news/demand-response-is-dead-long-live-flexiwatts/558389/
https://www.utilitydive.com/news/demand-response-is-dead-long-live-flexiwatts/558389/


Resources for the Future 20

time pricing is unpopular because it imposes higher prices on customers during peak 
hours, removing the cross-subsidization that exists under a flat-pricing tariff from 
customer usage during off-peak periods to peak periods. While relevant, this study 
focuses on the application of real-time pricing to all electricity usage. In contrast, these 
EaaS business models would rely on real-time pricing exclusively for vehicles or water 
heaters that customers, because of automatic software use, likely would not be directly 
exposed to. Consequently, real-time pricing specifically for vehicles or water heaters 
could presumably be more politically feasible than real-time pricing for all electricity 
usage has been in the past. 

 Many utilities have experimented with TOU pricing and critical peak pricing instead 
(Badtke-Berkow et al. 2015). TOU pricing has been used by utilities in the past to 
encourage off-peak charging for both water heaters (Farnsworth et al. 2019) and EVs. 
It can be an effective method of shifting load from peak to off-peak hours and thus 
avoiding the need for additional generating capacity (Biviji et al. 2014; Dubey et al. 
2015; Kara et al. 2015). However, TOU rates are limited in their ability to capture actual 
changes in demand and supply on the system over the course of the day, which will 
become especially important with increasing penetration on the grid of EVs and other 
newly electrified loads and of renewables.

These business models are possible under TOU pricing, but TOU prices are far less 
variable than RTP and therefore will not provide as many system benefits (Chen 
et al. 2017). Real-time pricing is thus preferred for both responding to operational 
constraints of the grid and providing benefits for EaaS model customers. 

4.2.2.  Limitations for Vehicles

Customers that contract with an energy service company under a real-time pricing 
construct for charging their vehicles may face similar constraints to the demand 
response variant for plugging in their vehicles. A similar solution for encouraging EV 
owners to plug in their vehicles during the day could be lower fixed rates for customers 
who plug in more frequently so that service companies can pass on savings from low 
prices that may occur during the day.9  

4.3.  Consumer Behavior and Perception
In addition to pricing framework constraints, consumer behavior and perception of these 
EaaS models could hinder their adoption. Without further research, it is unclear whether 
these models would be alluring enough for consumers to choose  a subscription over 
owning their own equipment. However, the market for subscription and hassle-free 
services is becoming more and more appealing for consumers, as seen in the growing 
use services for music, ride sharing, and clothing subscriptions, among others. Specific 
project economics and pilot programs or other types of experiments could provide a 
better understanding of how consumers will respond to these types of business models. 

9  This method, however, would require that a customer have access to a charger from the 
service company at his or her workplace as well, which could present logistical issues for 
pursuing this model.
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5.  Implications for Policy or Regulatory 
Action 
This analysis suggests that a few policy and regulatory changes could be necessary to 
enable further exploration of these EaaS business models. 

Of the business models described in this paper, EaaS models that operate under a real-
time pricing framework are preferable for consumers, service companies, and the grid 
at large. However, as discussed, real-time pricing tariffs are not available throughout 
most of the country. Therefore, the introduction of real-time pricing for EVs or water 
heaters (with a separate meter) could remove some significant barriers to enabling 
these types of models to flourish. 

In the interim, other measures can be taken to allow companies to emerge and succeed 
under the DR variant, which is feasible in some areas of the country in RTO or ISO regions. 
The first is for utilities to provide separate time-of-use tariffs for EVs or water heaters, 
which would allow these devices to benefit from energy price arbitrage by using electricity 
primarily off-peak (typically at night or perhaps during the day in regions with a substantial 
share of solar power). While real-time pricing is preferable, TOU pricing coupled with 
demand response can provide grid benefits for avoiding peak load coincidence. Also, many 
utilities have already experimented with TOU pricing as a method of reducing on-peak 
EV charging or water heating, with successful results (examples include San Diego Gas 
& Electric (SDG&E) and PG&E for EVs and several electric co-ops in Minnesota). 

Another option for removing barriers for EaaS models would be for FERC to continue 
to move forward with Docket RM18-9 on the participation of distributed energy 
resources in wholesale markets, particularly energy storage. This would allow V2G-
enabled vehicles to participate in wholesale markets and earn revenue. 

Introducing more ancillary service products in wholesale markets that would compensate 
these technologies for all the services they provide could also assist in the development 
of more EaaS models by making the revenue streams more attractive. In particular, 
ancillary service products that reward quick ramping capability could become 
increasingly important as the penetration of intermittent renewable resources on 
the electric grid increases. California, for example, has a flexible ramping product 
(FRP) that rewards services that are able to ramp up or down within 5 or 15 minutes 
to respond to late afternoon declines in solar generation. MISO is also considering 
the implementation of a ramping product. However, most other RTOs, including the 
Independent System Operator of New England (ISO-NE), PJM, New York Independent 
System Operator (NYISO), and Southwest Power Pool (SPP), together covering most of 
the eastern and midwestern states, do not have a similar market. The introduction of a 
ramping product in these locations could improve the economics of EaaS models and 
encourage more companies to offer these services and possibly expedite their adoption. 

Lastly, as mentioned earlier, carbon policies that target emissions or subsidies that 
reduce the costs of these technologies could make EaaS models more attractive for 
companies to pursue, which could further expedite electrification efforts. 
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6.  Questions for Future Study 
The questions in this section are suggested areas for potential future research relevant 
to EaaS models for electrification. 

6.1.  Can Real-Time Prices Capture Local 
Constraints? 
Real-time pricing could be enormously beneficial for managing EV charging and 
water heating in a way that aligns operational incentives with those of operating the 
grid at large. However, real-time prices may not capture all the impacts of charging 
vehicles or water heaters on local distribution infrastructure, since these conditions 
can be highly variable by location within a region connected to a single transmission 
grid node. Without more locally specific pricing incentives, EaaS models would be 
unable to capture these additional costs. Deb et al. (2018) found that placement of 
EV chargers on a local distribution network will lead to varying impacts on voltage 
stability and reliability because bus points have varying strengths (determined based 
on a ratio of change in voltage to change in load). Localized impacts like these may be 
nearly impossible to capture in centralized real-time prices determined at nodes on the 
transmission grid, and therefore additional constraints may need to be placed on the 
timing of vehicle charging. 

Alternatively local grid impacts that come with a high penetration of EVs may be 
best addressed through active managed charging. Active managed charging, or 
“smart” charging, allows the utility to control each vehicle’s charging activity based 
on an algorithm that minimizes grid impacts, typically determined by voltage and line 
limitations (de Hoog et al. 2015), load level (Abul’Wafaet al. 2017; van Vliet et al. 2011), or 
transformer aging (Hilshey et al. 2013). 

While challenging because of computational and data requirements, using more 
localized real-time prices for managing vehicle charging might be possible. Rahbari-Asr 
et al. (2016) designed an algorithm for controlling EV charging on a localized scale in 
their Distributed Real-Time Pricing Control (DRPC) technology, which allows real-time 
prices to be determined at a more detailed geographic scale at specific locations on 
the distribution grid. 

EaaS models that help customers respond to these local pricing constraints would 
be more beneficial for managing load from electrification as the penetration of EVs 
and grid-connected water heaters grows, although issues of localized distribution 
grid overload may not arise for some time. In the meantime, real-time pricing at the 
transmission node will likely help optimize the charging schedules for vehicles and 
water heaters and provide consumers and service companies with energy cost savings. 
In the future, however, more research on the feasibility of capturing local constraints 
in real-time prices would be beneficial for understanding the opportunities for using 
prices versus direct control to manage distribution issues, as well as the value that 
EaaS models can provide in managing electricity use in response to these more 
distributed price signals. 
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6.2.  Should Utilities Be Doing This?
Another possibility to consider when thinking about the future of these EaaS models 
is whether utilities, in addition to or instead of separate independent energy service 
companies, should take on the role of offering these services to customers and 
controlling the operation of these electric technologies.10

Local distribution of electricity has traditionally been considered a natural monopoly 
service, because the high fixed costs of constructing the local network that enables 
that service means costs will be lowest with a single provider. Thus, even in states 
where retail sales of electricity have been opened to competition, delivery remains 
either a regulated service or a government-provided one. As society contemplates 
new markets for electricity and new associated grid-related services, the question of 
whether the energy service models described in this paper are also natural monopoly 
services (or have some natural monopoly components) and therefore are best 
provided by the existing monopolist becomes pertinent. 

In some ways, local utilities could be better suited to provide these services than 
independent service companies from an operational standpoint. Local distribution 
utilities may have a natural advantage for managing charging of devices, because 
they have existing relationships with customers and already track customer 
electricity usage and managing the operation of flexible demand is arguably a 
natural extension of their mission to protect reliability. Utilities may also be in 
the best position to manage local distribution grid impacts, such as preventing 
overloaded circuits, as well through active managed charging. Whether the utility 
must play this role or instead can provide open access to the local distribution grid 
for independent service companies to take on this role is an open question. This 
question raises issues analogous to those currently at play for the regional grid 
operators who use prices and other means of direct control to dispatch energy 
resources in real time. 

Using real-time pricing from a central network operator (CNO) as a method 
for managed EV charging was modeled in a joint PJM and Better Place study 
(Schneider et al. 2011). The study determined which vehicles should charge by 
using an algorithm that optimized charging based on constraints of real-time and 
forecast locational marginal prices (which represent the wholesale energy price 
plus congestion on the transmission lines), current state of charge, time and energy 
needed before next planned trip, and time of day. While this method was shown to 
provide substantial cost savings from additional load to the CNO (which, in this case, 
was PJM) relative to unmanaged customer charging, the study does not discuss any 
economic implications for customers who participate in managed charging. 

Although distribution companies can provide operational value, service companies may 
be better suited for other aspects of the EaaS models discussed in this paper. First, 

10  The trade-offs presented by the question of whether regulated firms should be allowed 
to diversify into unregulated lines of business are analyzed in Brennan and Palmer 
(1994).
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the business of leasing cars or water heaters to participants may be outside the scope 
for regulated utilities that typically limit their operations to core regulated business 
activities including electricity transmission and distribution and, in some locations, 
generation. However, there are some notable exceptions, such as the free hot 
water heaters offered to customers who participate in Northwestern Rural Electric 
Cooperative Association’s load management program and the water heater leases 
offered to customers by Butler Rural Electric Company, as well as the model for 
ownership of EV charging stations that some utilities have chosen to provide, such 
as National Grid (Massachusetts), PG&E, and SDG&E, in their attempts to encourage 
the deployment of EVs (Myers 2019). 

Second, the presence of many service companies in these spaces introduces 
competition, which is beneficial for customers. If utilities, which arguably have 
a distinct advantage in terms of contacts with existing customers, offer these 
services, they may disadvantage potential competitors and end up discouraging 
competition. If utilities are permitted to diversify into these competitive EaaS lines 
of business, it will be important to maintain strict separation between the costs of 
supplying competitive services and the total costs used to set rates for regulated 
services, such as electricity distribution, to limit cross-subsidization that threatens 
competition. Thus, policymakers must decide whether broader social goals, such 
as accelerating decarbonization and electrification, are better served through 
allowing utility provision of these services or whether protecting competition and 
the potential innovation that might accompany it is more important. Ultimately, an 
optimal solution might be a partnership between utilities and service companies to 
realize society’s electrification goals. 

https://www.northwesternrec.com/content/water-heater-service
https://www.northwesternrec.com/content/water-heater-service
https://www.butlerrural.coop/content/water-heaters
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7.  Conclusions 
A growing number of states are adopting or mandating deep decarbonization goals 
for their economies that go beyond decarbonizing the electricity sector. These goals 
include decarbonization of buildings and transportation, which will likely require 
widespread electrification of many energy end-use devices, such as vehicles and water 
heaters. This task is daunting, given the typically higher up-front cost of electric cars 
and grid-connected appliances and the uncertainty about how well they will work to 
provide familiar services, such as transport and hot water. Simultaneously, society must 
make unprecedented changes in how electricity is generated, which will likely include 
dramatic increases in reliance on intermittent renewable generating capacity. Without 
exploiting the flexibility in when these new sources of load use electricity, the changes 
in the generation mix could result in operational issues and high costs to consumers. 

The technologies exist to electrify these energy end uses and harness the flexibility 
of demand-side resources such as EVs and electric water heaters, and space heating 
is not far behind. The challenge that lies ahead is creating appropriate incentives to 
encourage both electrification and associated consumer behavior to align with grid 
needs. The subscription-based energy-as-a-service model is one way of accomplishing 
this goal by allowing third-party companies to share in the value that some demand-
side resources, such as EVs, provide beyond their intended purpose. Without policies 
to encourage decarbonization and regulatory and pricing conditions that enable 
business models like this, much of that value could be lost. 

While some of the business models described above are derived from real-world 
examples, many are hypothetical models that could capitalize on the value of these 
demand-side resources. Given findings in the existing literature reviewed herein and 
the evolving economics of the electricity grid, it seems plausible that many of these 
proposed business models could be profitable, but further study is needed to more 
fully understand the financial implications of these proposed methods and determine 
whether third-party financing is a viable approach. 

Placing value on an EV’s or interconnected water heater’s services to the electric 
grid is not only important for making these technologies more attractive investments 
but also essential for reaping those benefits for the grid. Without their grid services, 
EVs, and to some extent electric water heaters, could raise the costs of electricity 
supply unnecessarily, resulting in significant increases in peak load and the need for 
additional peaking (and typically emitting) generating capacity and for upgrades to 
local distribution equipment. The energy-as-a-service business model provides a 
means for realizing and capitalizing on the additional value that these technologies 
can bring to the grid. Consequently, energy subscription services under EaaS business 
models could be essential for encouraging and controlling electrification and therefore 
decarbonization of the transportation and buildings sectors. 



Resources for the Future 26

8.  References
Abul’Wafa, A. R., A. El’Garably, and W. A. F. Mohamed. 2017. “Uncoordinated vs Coordinated 

Charging of Electric Vehicles in Distribution Systems Performance.” International Journal 
of Engineering and Information Systems 1 (6): 54–65. 

AFDC (Alternative Fuels Data Center). 2020a. “Electric Vehicle Charging Station Locations.” 
US Department of Energy. https://afdc.energy.gov/fuels/electricity_locations.html#/
find/nearest?fuel=ELEC&country=US&ev_levels=2&ev_levels=dc_fast&ev_levels=1.

———. 2020b. “Developing Infrastructure to Charge Plug-In Electric Vehicles.” US Depart-
ment of Energy. https://afdc.energy.gov/fuels/electricity_infrastructure.html#level2.

Akhavan-Rezai, E., M. F. Shaaban, E. F. El-Saadany, and A. Zidan. 2012. “Uncoordinated 
Charging Impacts of Electric Vehicles on Electric Distribution Grids: Normal and Fast 
Charging Comparison.” In Proceedings of 2012 IEEE Power and Energy Society General 
Meeting, 6550–6556Institute of Electrical and Electronics Engineers.

Allison, A., and M. Whited. 2017. “A Plug for Effective EV Rates.” Synapse Energy Econom-
ics. https://www.synapse-energy.com/sites/default/files/A-Plug-for-Effective-EV-
Rates-S66-020.pdf.

Badtke-Berkow, M., M. Centore, K. Mohlin, and B. Spiller. 2015. “A Primer on Time-Variant 
Electricity Pricing.” Environmental Defense Fund. https://www.edf.org/sites/default/
files/a_primer_on_time-variant_pricing.pdf.

Bishop, J.D., C.J. Axon, D. Bonilla, M. Tran, D. Banister, and M.D. McCulloch. 2013. “Evaluating 
the impact of V2G services on the degradation of batteries in PHEV and EV.” Applied 
Energy 111: 206-218.

Biviji, M., C. Uçkun, G. Bassett, J. Wang, and D. Ton. 2014. “Patterns of Electric Vehicle 
Charging with Time of Use Rates: Case Studies in California and Portland.” ISGT 2014. 
IEEE. https://ieeexplore.ieee.org/document/6816454.

Borenstein, S. 2007. “Wealth Transfers among Large Customers from Implementing Real-Time 
Retail Electricity Pricing.” Energy Journal 28 (2): 131–50. 

Brennan, T., and K. Palmer. 1994. “Comparing the Costs and Benefits of Diversification by 
Regulated Firms.” Journal of Regulatory Economics 6 (2): 115–36.

CAISO (California Independent System Operator). 2019. “Price Performance in the CAISO’s 
Energy Markets.” http://www.caiso.com/Documents/Report-PricePerformanceAnaly-
sis.pdf.

Casaleiro, Â., R. Figueiredo, D. Neves, and M. C. Brito. 2018. “Optimization of Photovoltaic 
Self-Consumption Using Domestic Hot Water Systems.” Journal of Sustainable Develop-
ment of Energy, Water and Environment Systems 6 (2): 291–304.

Chen, Q., F. Wang, B. M. Hodge, J. Zhang, Z. Li, M. Shafie-Khah, and J. P. Catalão. 2017. “Dy-
namic Price Vector Formation Model-Based Automatic Demand Response Strategy for 
PV-Assisted EV Charging Stations.” IEEE Transactions on Smart Grid 8 (6): 2903–15.

Coignard, J., S. Saxena, J. Greenblatt, and D. Wang. 2018. “Clean Vehicles as an Enabler for a 
Clean Electricity Grid.” Environmental Research Letters 13 (5): 054031.

Deb, S., K. Tammi, K. Kalita, and P. Mahanta. 2018. “Impact of Electric Vehicle Charging Station 
Load on Distribution Network.” Energies 11 (1): 178. 

de Hoog, J., T. Alpcan, M. Brazil, D. A. Thomas, and I. Mareels. 2015. “Optimal Charging of Elec-
tric Vehicles Taking Distribution Network Constraints into Account.” IEEE Transactions 
on Power Systems 30 (1): 365–75. 

https://afdc.energy.gov/fuels/electricity_locations.html#/find/nearest?fuel=ELEC&country=US&ev_levels=2&ev_levels=dc_fast&ev_levels=1
https://afdc.energy.gov/fuels/electricity_locations.html#/find/nearest?fuel=ELEC&country=US&ev_levels=2&ev_levels=dc_fast&ev_levels=1
https://afdc.energy.gov/fuels/electricity_infrastructure.html#level2
https://www.synapse-energy.com/sites/default/files/A-Plug-for-Effective-EV-Rates-S66-020.pdf
https://www.synapse-energy.com/sites/default/files/A-Plug-for-Effective-EV-Rates-S66-020.pdf
https://www.edf.org/sites/default/files/a_primer_on_time-variant_pricing.pdf
https://www.edf.org/sites/default/files/a_primer_on_time-variant_pricing.pdf
https://ieeexplore.ieee.org/document/6816454
http://www.caiso.com/Documents/Report-PricePerformanceAnalysis.pdf
http://www.caiso.com/Documents/Report-PricePerformanceAnalysis.pdf


Encouraging Electrification through Energy Service Subscriptions 27

Denholm, P., J. Eichman, T. Markel, and O. Ma. 2015. Summary of Market Opportunities for 
Electric Vehicles and Dispatchable Load in Electrolyzers. NREL/TP-6A20-64172. Golden, 
CO: National Renewable Energy Laboratory.

Dubey, A., S. Santoso, M. P. Cloud, and M. Waclawiak. 2015. “Determining Time-of-Use 
Schedules for Electric Vehicle Loads: A Practical Perspective.” IEEE Power and Energy 
Technology Systems Journal 2 (1): 12–20. 

Egbue, O., and S. Long. 2012. “Barriers to Widespread Adoption of Electric Vehicles: An Analy-
sis of Consumer Attitudes and Perceptions.” Energy Policy 48:717–29.

EIA (Energy Information Administration). 2019. “Energy and the Environment Explained: 
Where Greenhouse Gases Come From.” https://www.eia.gov/energyexplained/ener-
gy-and-the-environment/where-greenhouse-gases-come-from.php.

Enel X. 2019. “Electric Cars vs. Gas Cars Cost.” https://evcharging.enelx.com/news/
blog/570-electric-cars-vs-gas-cars-cost.

Energy Information Administration (EIA). 2019. “Natural Gas Explained: Use of Natural Gas”. 
https://www.eia.gov/energyexplained/natural-gas/use-of-natural-gas.php

Farnsworth, D., J. Lazar, and J. Shipley. 2019. “Beneficial Electrification of Water Heating.” 
Montpelier, VT: Regulatory Assistance Project. https://www.raponline.org/wp-content/
uploads/2019/01/rap-farnsworth-lazar-shipley-beneficial-electrification-water-heat-
ing-2019-january-final.pdf.

Finn, P., C. Fitzpatrick, D. Connolly, M. Leahy, and L. Relihan. 2011. “Facilitation of Renewable 
Electricity Using Price Based Appliance Control in Ireland’s Electricity Market.” Energy 
36 (5): 2952–60.

Gillingham, K., and K. Palmer. 2014. “Bridging the Energy Efficiency Gap: Policy Insights from 
Economic Theory and Empirical Evidence.” Review of Environmental Economics and 
Policy 8 (1): 18–38.

Habib, S., M. Kamran, and U. Rashid. 2015. “Impact Analysis of Vehicle-to-Grid Technology 
and Charging Strategies of Electric Vehicles on Distribution Networks: A Review.” Jour-
nal of Power Sources 277:205–14. 

Hilshey, A. D., P. D. Hines, P. Rezaei, and J. R. Dowds. 2013. “Estimating the Impact of Electric 
Vehicle Smart Charging on Distribution Transformer Aging.” IEEE Transactions on Smart 
Grid 4 (2): 905–13.

Hledik, R., J. Chang, and R. Lueken. 2016. “The Hidden Battery: Opportunities in Electric Wa-
ter Heating.” Cambridge, MA: Brattle Group. 

Holland, S. P., and E. T. Mansur. 2006. “The Short-Run Effects of Time-Varying Prices in Com-
petitive Electricity Markets.” Energy Journal 27 (4): 127–55. 

Iyer, G., N. Hultman, J. Eom, H. McJeon, P. Patel, and L. Clarke. 2015. “Diffusion of Low-Carbon 
Technologies and the Feasibility of Long-Term Climate Targets.” Technological Forecast-
ing and Social Change 90:103–18.

Jadun, P., C. McMillan, D. Steinberg, M. Muratori, L. Vimmerstedt, and T. Mai. 2017. “Electrifi-
cation Futures Study: End-Use Electric Technology Cost and Performance Projections 
through 2050.” NREL/TP-6A20-70485. Golden, CO: National Renewable Energy Labora-
tory. https://www.nrel.gov/docs/fy18osti/70485.pdf.

Kara, E. C., J. S. Macdonald, D. Black, M. Bérges, G. Hug, and S. Kiliccote. 2015. “Estimating the 
Benefits of Electric Vehicle Smart Charging at Non-Residential Locations: A Data-Driven 
Approach.” Applied Energy 155:515–25. 

Motalleb, M., M. Thornton, E. Reihani, and R. Ghorbani. 2016. “Providing Frequency Regulation 
Reserve Services Using Demand Response Scheduling.” Energy Conversion and Man-
agement 124:439–52.

https://www.eia.gov/energyexplained/energy-and-the-environment/where-greenhouse-gases-come-from.php
https://www.eia.gov/energyexplained/energy-and-the-environment/where-greenhouse-gases-come-from.php
https://evcharging.enelx.com/news/blog/570-electric-cars-vs-gas-cars-cost
https://evcharging.enelx.com/news/blog/570-electric-cars-vs-gas-cars-cost
https://www.eia.gov/energyexplained/natural-gas/use-of-natural-gas.php
https://www.raponline.org/wp-content/uploads/2019/01/rap-farnsworth-lazar-shipley-beneficial-electrification-water-heating-2019-january-final.pdf
https://www.raponline.org/wp-content/uploads/2019/01/rap-farnsworth-lazar-shipley-beneficial-electrification-water-heating-2019-january-final.pdf
https://www.raponline.org/wp-content/uploads/2019/01/rap-farnsworth-lazar-shipley-beneficial-electrification-water-heating-2019-january-final.pdf
https://www.nrel.gov/docs/fy18osti/70485.pdf


Resources for the Future 28

Myers, E. H. 2019. “A Comprehensive Guide to Electric Vehicle Managed Charging.” 
Smart Electric Power Alliance. https://sepapower.org/resource/a-comprehen-
sive-guide-to-electric-vehicle-managed-charging/.

Nelder, C., and E. Rogers. 2019. “Reducing EV Charging Infrastructure Costs.” Rocky Mountain 
Institute. https://rmi.org/ev-charging-costs.

NHTS (National Household Travel Survey). 2017. “Fuel Type.” https://nhts.ornl.gov/tables09/
CodebookBrowser.aspx.

Parra, D., G. S. Walker, and M. Gillott. 2016. “Are Batteries the Optimum PV-Coupled Energy 
Storage for Dwellings? Techno-Economic Comparison with Hot Water Tanks in the UK.” 
Energy and Buildings 116:614–21.

Pavić, I., T. Capuder, and I. Kuzle. 2015. “Value of Flexible Electric Vehicles in Providing Spin-
ning Reserve Services.” Applied Energy 157:60–74.

PJM. 2020. “2019 Demand Response Operations Markets Activity Report.” https://www.pjm.
com/-/media/markets-ops/dsr/2019-demand-response-activity-report.ashx?la=en.

Rahbari-Asr, N., M. Y. Chow, J. Chen, and R. Deng. 2016. “Distributed Real-Time Pricing Control 
for Large-Scale Unidirectional V2G with Multiple Energy Suppliers.” IEEE Transactions 
on Industrial Informatics 12 (5): 1953–62. 

Rezvani, Z., J. Jansson, and J. Bodin. 2015. “Advances in Consumer Electric Vehicle Adoption 
Research: A Review and Research Agenda.” Transportation Research Part D: Transport 
and Environment 34:122–36.

Schneider, S. J., R. Bearman, H. McDermott, X. Xu, S. Benner, and K. Huber. 2011. “An Assess-
ment of the Price Impacts of Electric Vehicles on the PJM Market.” PJM and Better Place. 
http://www.energianews.com/newsletter/files/f8b887f83b91fb4df88af9939e753f8e.
pdf.

Sivak, M., and B. Schoettle. 2018. “Relative Costs of Driving Electric and Gasoline Vehicles 
in the Individual US States.” Report No. SWT-2018-1. Ann Arbor: University of Michigan 
Transportation Research Institute.

US Census Bureau. 2017. “American Housing Survey National Summary Tables.” https://www.
census.gov/programs-surveys/ahs.html. 

van Vliet, O., A. S. Brouwer, T. Kuramochi, M. van Den Broek, and A. Faaij. 2011. “Energy Use, 
Cost and CO2 Emissions of Electric Cars.” Journal of Power Sources 196 (4): 2298–310.

Yao, E., V. W. Wong, and R. Schober. 2016. “Robust Frequency Regulation Capacity Scheduling 
Algorithm for Electric Vehicles.” IEEE Transactions on Smart Grid 8 (2): 984–97. 

Yilmaz, M., and P. T. Krein. 2013. “Review of the Impact of Vehicle-to-Grid Technologies on 
Distribution Systems and Utility Interfaces.” IEEE Transactions on Power Electronics 28 
(12): 5673–89.

 https://sepapower.org/resource/a-comprehensive-guide-to-electric-vehicle-managed-charging/
 https://sepapower.org/resource/a-comprehensive-guide-to-electric-vehicle-managed-charging/
https://rmi.org/ev-charging-costs
https://nhts.ornl.gov/tables09/CodebookBrowser.aspx
https://nhts.ornl.gov/tables09/CodebookBrowser.aspx
https://www.pjm.com/-/media/markets-ops/dsr/2019-demand-response-activity-report.ashx?la=en
https://www.pjm.com/-/media/markets-ops/dsr/2019-demand-response-activity-report.ashx?la=en
http://www.energianews.com/newsletter/files/f8b887f83b91fb4df88af9939e753f8e.pdf
http://www.energianews.com/newsletter/files/f8b887f83b91fb4df88af9939e753f8e.pdf
https://www.census.gov/programs-surveys/ahs.html
https://www.census.gov/programs-surveys/ahs.html



	1.  Introduction
	Part I: Using EaaS Models to
Encourage Electrification
	2.  Potential Energy-as-a-Service Business Models 
	2.1.  Business Model Frameworks
	2.1.1.  Demand-Response Variant
	2.1.2.  Time-Varying Pricing Variant

	2.2.  Profitability Potential

	3.  Benefits of EaaS Models for Electrification
	3.1.  Improved Access
	3.2.  Enabling Grid Services 
	3.3.  Minimizing Impacts of Electrification

	Part II: Overcoming Barriers and Challenges Facing Implementation of EaaS Business Models 
	4.  Challenges and Barriers to Adoption 
	4.1.  Demand-Response Variant
	4.1.1.  Geographic Restrictions 
	4.1.2.  Limitations for Vehicles
	4.1.3.  Limitations of Demand Response 

	4.2.  Time-Varying Pricing Variant
	4.2.1.  Tariff Restrictions 
	4.2.2.  Limitations for Vehicles

	4.3.  Consumer Behavior and Perception

	5.  Implications for Policy or Regulatory Action 
	6.  Questions for Future Study 
	6.1.  Can Real-Time Prices Capture Local Constraints? 
	6.2.  Should Utilities Be Doing This?

	7.  Conclusions 
	8.  References

