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Executive Summary 
 

Ontario’s energy sector is expected to undergo a significant transformation. The rapid 

development of new technologies and the entry of new service providers are expected to 

change the way customers interact with the energy sector and reshape the business models of 

the electricity transmission and distribution monopolies. Mowat Energy is conducting a 

comprehensive study of these emerging trends to produce recommendations for the sector, 

including policymakers and regulators. The goal is to facilitate the transformation of Ontario’s 

energy system to one which is more innovative, flexible, reliable, clean and affordable.  

 

The purpose of this report is to provide a literature review to support Mowat Energy’s work. This 

report is not intended to be a complete survey of all available material; rather it is intended as a 

review of the leading work over the last two years. The goal is to provide readers with an 

understanding of the key trends and issues and the range of opinions. This literature review is 

structured along the four key portfolios in the research project: 

 Portfolio 1: The New Energy Customer 

 Portfolio 2: Meeting Energy Demand behind the Meter 

 Portfolio 3: Grid Modernization and the Utility of the Future 

 Portfolio 4: The Future of Centralized Supply 

 

Portfolio 1: The New Energy Customer 

Customers adopting new technologies and responding to new service options in the form of 

DER will expect utilities to be responsive in terms of service, pricing and compensation. All 

customers will continue to expect reliable and affordable service. It will be a significant 

challenge for utilities and regulators to meet these diverse and rising customer expectations.  

 

Portfolio 2: Meeting Energy Demand behind the Meter 

The literature related to Portfolio 2 examines the issues of DER, the emergence of transactive 

energy, and the distributor’s role in DER. Effective integration of DER has the potential to 

benefit all customers, utilities, the system as a whole and society. However, utilities, 

policymakers and regulators will be challenged to keep pace with the technology and customer-

driven changes. They must balance the demands of the new energy customers with the 

expectations of all customers for reliable and affordable service. Although solutions will be 
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based on the specific characteristics of an individual utility or system, there is much that can be 

learned as DER is being developed and adopted worldwide.  

 

Portfolio 3: Grid Modernization and the Utility of the Future 

The literature related to Portfolio 3 covers the issues of rate design, utility business model, 

distribution system planning, and the regulatory framework. Rate design for DER is the subject 

of intense study and debate. Net metering is a simple, but potentially inaccurate way of 

recognizing the costs and benefits of distributed resources. It will be a significant challenge to 

develop rate designs which are accurate and effective without being excessively complex. More 

fundamentally, the utility business model and regulatory framework will need to evolve in order 

to effectively integrate DER into the system and the market.  

 

Portfolio 4: The Future of Centralized Supply 

The literature related to Portfolio 4 covers the issues of stranded assets, grid level resources 

and operations, and market structure reform. The risks of stranded assets are significant for 

distributors, transmitters and generators. While the risk is particularly pronounced if there is 

significant grid defection, it is less clear what the potential impact will be with integrated DER. 

Many systems are at a cross-roads: will utilities, policy makers and regulators adopt policies and 

frameworks which seek to retard deeper penetration of DER, or will they embrace the potential 

of DER and incent it where is economically efficient. The literature suggests that the first 

approach will ultimately be unsuccessful, while the second approach is complex and requires a 

coordinated effort to resolving the technical, regulatory and market issues. 

 

Conclusions 

A number of key themes in the literature will be relevant to Ontario as it addresses the 

challenges and opportunities of the emerging energy sector transformation: 

 DER has evolved from a relatively simple load displacement tool (distributed generation) 

to an integrated resource which can provide a variety of services to the grid. This 

evolution has been enabled by the technology advancements and driven by rising 

customer expectations. 

 DER has the potential to bring significant benefits in terms of reliability, resilience, cost, 

and environmental impact, but also introduces greater complexity in terms of planning, 

operations, rate design, and market structure, and may result in stranded costs. 
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 The evolution of the utility business model, the regulatory framework, and the market 

structure will need to be coordinated, but utilities and regulators will be challenged to 

match the pace of technology change and customer expectations. 

 The optimal solutions for a jurisdiction will be driven by its particular characteristics and 

policy drivers, but solutions can be developed based on learnings from other 

jurisdictions. The stakes are high given the need to provide reliable and affordable 

services for all customers and the potential for significant stranded assets. 

 Ongoing consultation, cooperative efforts, evidence-based processes, customer 

engagement, pilot projects, and transition mechanisms will each facilitate the successful 

navigation of the emerging transformation. 

 

Based on the literature surveyed, Ontario already has some of the attributes which have been 

identified as important for the integration of DER:  

 performance-based regulation 

 smart meters and TOU rates for energy 

 distribution system planning and regional planning which is becoming more transparent, 

organized and rigorous  

 Experience with connecting renewable electricity generation on the distribution system, 

particularly at the individual customer level 

 Increased customer engagement 

 

Ontario can draw on the experience of others, as well as the analysis which has been done, to 

chart its own course through the energy market transformation. The work being conducted by 

Mowat Energy will be an important contribution to that effort. 
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Introduction 
 

Ontario’s energy sector is expected to undergo a significant transformation. The rapid 

development of new technologies and the entry of new service providers are expected to 

change the way customers interact with the energy sector and reshape the business models of 

the electricity transmission and distribution monopolies. This change is happening while the 

electricity sector is facing aging infrastructure and a significant shift to more distributed 

renewable sources of electricity generation. The pace and extent of the expected market 

transformation remains uncertain, although the same key trends and drivers are being 

experienced across North America, Europe and Australia. Governments are working to 

establish energy policy frameworks which support climate change and economic objectives, and 

regulators are working to establish regulatory policies and approaches which support those 

government policies and address the changing market. 

 

Mowat Energy is conducting a comprehensive study of these emerging trends facing the energy 

sector. The study will focus on the drivers and potential trajectories of energy transformation in 

Ontario and on the effects of energy transformation on Ontario’s energy sector and beyond. The 

purpose of the study is to produce recommendations for the sector, including policymakers and 

regulators. 

 

Mowat Energy has engaged a number of international experts to support its work. These 

experts will prepare reports which provide critical analyses of the options available to facilitate 

the transformation of Ontario’s energy system to one which is more innovative, flexible, reliable, 

clean and affordable. To support this work, Mowat Energy also requires a review of the recent 

relevant literature. The purpose of this report is to provide a literature review to support Mowat 

Energy’s assessment of the expert reports and its development of recommendations for 

policymakers and regulators. 

 

The material for this literature review is drawn from the Mowat Energy digital archive and from 

other recent relevant work. The reports, studies, articles and presentations come from a variety 

of sources, primarily academic and professional, although also from key industry participants. 

Although much of the work is from North America, there is also material from Europe and 

Australia. This body of work can provide Mowat Energy and others with valuable insights into 

the trends associated with this energy transformation and current thinking on how best to 
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address the issues. A tremendous amount has been written about these emerging trends, and 

additional material is released daily. This report is not intended to be a complete survey of all 

available material; rather it is intended as a review of the leading work over the last two years. 

The goal is to provide readers with an understanding of the key trends and issues and the range 

of opinions. Readers are encouraged to refer to the specific reports and articles for greater 

detail. Appendix 1 contains a bibliography, with direct links to many of the materials. 

 

The trends in Ontario are being experienced across North America, Europe and Australia. 

Industry leaders are recognizing the drive toward cleaner electricity generation, a more digital 

and distributed grid, and more individual customer services (Institute for Electric Innovation, 

2015). Utilities themselves are acknowledging the significant change they are facing and 

recognizing both the external barriers (an outdated regulatory model) and internal barriers 

(resistance to change and the technological challenges of integration) (Utility Dive, 2016).  

 

There is pressure to undertake significant investment to replace aging assets, but the changing 

market dynamics make it imperative that planning recognize the greater level of decentralization 

and adopt a long-term holistic approach (Energy UK, 2016). Experience from past electricity 

market restructuring highlights the importance of independent regulators and system operators, 

a robust pricing framework set through effective regulation and market design, and the removal 

of barriers to customer engagement with the market (IEA, 2005). While the trends and issues 

are largely the same across jurisdictions, there is a consensus that solutions should be 

developed on the basis of the technical and policy context of a particular jurisdiction, or even an 

individual utility. 

 

This literature review is structured along the four key portfolios in the research project: 

 Portfolio 1: The New Energy Customer 

 Portfolio 2: Meeting Energy Demand behind the Meter 

 Portfolio 3: Grid Modernization and the Utility of the Future 

 Portfolio 4: The Future of Centralized Supply 
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Portfolio 1: The New Energy Customer 
 

Changes in technology and economic factors are driving changes in customer behaviour. The 

pace and extent of change is influenced by demographics and economic circumstances. 

Customers have traditionally been delineated as residential, commercial or industrial, with each 

customer type sharing a set of general characteristics, including expectations for service, quality 

and affordability. In other words, commercial customers generally have more in common with 

each other than they do with residential customers. Broadly speaking, residential customers 

have been homogenous, with the only significant variation being in the size of load and socio-

economic circumstances. In the future, there is expected to be greater variability, particularly 

amongst residential customers, in terms of service expectations and technology adoption. The 

differences between the groups may also shift.  

 

The key technology drivers for these shifts include information and communication technologies, 

small scale solar PV, electrical vehicles, and conservation (energy efficiency and demand 

response). The key social, economic and policy drivers include growing customer expectations, 

demographic trends, and socio-economic conditions.  

 

Traditionally, the electricity grid was unidirectional, delivering power produced at large central 

generating stations through transmission and distribution systems to end use customers. Pricing 

provided some signals to which customers could respond, but metering and billing was done 

monthly or bi-monthly so the pricing signals were fairly blunt. For residential customers in 

particular, electricity demand was relatively inelastic; in other words demand did not change 

much with changes in prices. 

 

This overall structure is changing. Customers, including residential and small commercial 

customers, can now meet some or all of their demand using behind the meter distributed energy 

resources (DER). DER is a general term which includes a wide variety of technologies, including 

distributed generation (solar PV, geothermal, CHP, etc), distributed storage, smart appliances, 

microgrids, and advanced communication and control technologies which allow these resources 

to be aggregated and dispatched to the grid. DER is being adopted across many U.S. states 

and by a variety of customer types. Adoption is being driven by a number of factors affecting 

customer decision-making, including declining costs of technology, net metering programs and 
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other tariff structures, and tax incentives. However, DER also brings added complexity for 

customers around interconnection policies, tariffs and fair compensation. (DNV GL, 2014) 

 

Jacobs (2015) explains that as DER achieves greater adoption, traditional consumers are being 

replaced by “prosumers”, consumers who are also producers. This erosion of the boundary 

between consumer and producer challenges traditional energy law and regulation paradigms. 

These prosumers are more autonomous but also more active market participants (Jacobs, 

2015). The rise of the prosumer will also lead to greater differentiation amongst residential or 

low volume customers. Customers with DER will potentially have a very different relationship 

with their utility than traditional customers. A study in Australia looking at future scenarios 

identifies three potential customer types: 

 Empowered, who will be autonomous or technology focussed 

 Engaged, who will be active or passive 

 “On the edge” and Essential, who are the most vulnerable customers 

The needs and expectations of these groups will vary, potentially quite widely between the 

empowered group and the vulnerable group. This framework is being used as the basis for the 

customer-oriented approach to the study’s scenario analysis (work which is ongoing).  

(Commonwealth Scientific and Industrial Research Organisation and Energy Networks 

Association, 2015) 

 

Customers generally are expecting greater engagement with their utilities. This is being 

recognized by utility leaders as a growing trend (Utility Dive, 2016) and by regulators that are 

incorporating explicit customer engagement requirements. 

 

Communities, and other groups of customers, are also becoming active energy customers. 

Some are developing microgrids in order to be autonomous and self-sufficient in the event of 

extreme weather events. Another driver for these microgrids is the desire to retain more control 

over energy choices to meet community climate change goals. Cities and counties are also 

exploring potential synergies among municipal services, implementing climate action plans, and 

making renewable energy available to renters and underserved communities. In some cases 

there have been efforts to municipalise utilities in order to achieve these goals. (De Martini and 

Kristov, 2015 and Jacobs, 2015) This trend may present opportunities for some of Ontario’s 

municipally-owned distributors to pursue local policy objectives. 
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Concluding Observations 

All customers will continue to expect reliable and affordable service, even though systems are 

facing cost pressures from aging infrastructure and climate change policies. Customers 

adopting new technologies and responding to new service options in the form of DER will also 

expect utilities to be responsive in terms of service, pricing and compensation. Non-DER 

customers will expect costs to be shared fairly between the customers adopting new 

technologies (such as solar PV) and those who do not. It will be a significant challenge for 

utilities and regulators to meet these diverse and rising customer expectations. Regulators in 

the U.K., Australia and Ontario have been requiring utilities to undertake greater customer 

engagement, particularly in relation to system planning and rate proposals, and have been 

undertaking deeper customer engagement themselves. This will provide a useful foundation 

going forward as customers’ expectations increase and become more diverse.  

 

The issues related to the growing integration of customer expectations, technology and the grid 

are discussed further in Portfolios 2, 3 and 4. 
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Portfolio 2: Meeting Energy Demand behind the Meter 
 

Rising customer expectations and new technologies provide the opportunity for more customer 

demand to be met behind-the-meter through DER. The technology drivers for behind-the-meter 

options include solar PV and battery storage, small scale CHP, fuel cells, heat pumps, 

microturbines, microgrids, virtual power plants, customer aggregation, and the integration of 

distributed resources with the grid (including data flows). The social, economic and policy 

drivers include: 

 Declining costs of solar PV, battery storage, and other technologies 

 Barriers and incentives to grid integration and grid defection 

 The identification and allocation of costs and benefits between behind the meter 

resources and the grid (net metering, reliability, supply, etc.) 

 Potential service offerings through the aggregation of behind the meter resources 

 New service providers and new market mechanisms 

 

The literature related to these drivers will be reviewed through the following key issues: 

 Distributed generation 

 Other distributed resources 

 Emergence of transactive energy 

 Distributor role in DER 

 

Distributed Generation 

DER originally took the form of distributed generation and was a means of satisfying customer 

demand, although often not the total level of that demand. The primary technology was gas-fired 

combined heat and power facilities (CHP). Recent policies promoting renewable generation 

have seen a surge in distributed generation, primarily in the form of solar PV. Increases in smart 

grid technologies have brought about new opportunities to deepen the integration between DER 

and the distribution grid (and between the distribution and transmission grids). 

 

Solar PV is now the leading form of distributed generation, with 90% of the installations in the 

U.S., or about 500,000 homes and businesses (Costello, 2015). Costello observes that the 

economics of solar PV varies by region, but that the average price has fallen by 40% between 
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2010 and 2014. He notes that solar PV continues to be subsidized through rates and tax 

incentives. A review done for New York reports that the costs of commercial solar PV declined 

31% between 2010 and 2014, noting that the costs have declined more for solar PV (and 

storage) than for CHP. The study reports that public and private investment is leading to further 

price reductions, while the drivers for increased adoption include net metering, value of solar 

tariffs, Renewable Portfolio Standards, and tax incentives. New York is now among the top five 

states for total distributed generation capacity under 2MW, and within the top 10 for solar PV, 

energy storage and CHP under 2 MW. (DNV GL, 2014) 

 

Lawrence Berkeley Laboratory prepares an annual report on the installed prices of residential 

and non-residential solar PV systems in the U.S. (Tracking the Sun VIII, August 2015). The 

most recent report looks at data for 400,000 PV systems (81% of the total installed capacity 

through 2014, and 62% of the capacity installed in 2014). The findings show that prices continue 

to decline, although they can vary significantly. The key trends for 2014 include: 

 Installed prices continued to decline in 2014: 9% for residential systems, 10% for small 

non-residential systems, and 21% for large non-residential systems. 

 The recent price declines have primarily been driven by “soft” costs, including marketing, 

system design, installation labor, permitting, and installer margins. 

 Incentives for solar PV have declined. 

 Prices in the U.S. are still higher than in some other markets (Germany, China, 

Australia), and vary widely across individual projects, within states, and between states. 

 

Opinion remains mixed, however, as to the future prospects for distributed generation, 

especially solar PV, and whether it will lead to a market transformation. Some argue that the 

combination of declining technology costs, policy drivers and customer preferences will result in 

significant additional penetration of distributed generation and market transformation. Others 

take the view that adoption is being primarily driven by subsidies and incentives and without 

those distributed generation would have limited scope. 

 

Graffy and Kihm (2014) argue that the synergy of technology, policy, social preferences, and 

business are driving disruptive competition in the electricity sector which has the potential to 

transform the market structure. They point to declining costs of wind and solar PV, the growth in 

renewable portfolio standards, and latent demand due to public attitudes toward renewable 

generation. They note that regulators cannot protect utilities from the impacts of competition, 
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noting that there is no utility “right” to such protection. Raskin (2015) responds to Graffy and 

Kihm, arguing that they have overstated the competitive threat of distributed generation, and 

underestimated the utility and regulatory response. Raskin maintains that distributed generation 

is only viable as a result of significant subsidies (primarily in the form of net metering) and that 

Graffy and Kihm have overlooked the higher reliability of the grid and the potential for 

technological advancements on the grid. Costello (2015) concludes that it is still an open 

question as to whether solar PV will be a disruptive technology or a niche player, but he 

concludes that cautious action is warranted. In particular he sees the potential for distributed 

generation combined with smart grid (real-time information and communication and the 

integration of software, hardware, data management and analytics) to contribute to cheaper, 

cleaner, higher-quality power. 

 

Ontario has extensive experience with distributed generation, in particular as a result of the 

province’s microFIT incentive program. As the policy shifts to a net metering approach (as 

indicated in the province’s most recent Long Term Energy Plan), the literature suggests that it is 

uncertain whether distributed generation will expand further or not. The issues driving the 

outcome (particularly rate design) are discussed later in this report. 

 

Other Distributed Resources 

Small scale storage technology is another aspect of the rise of DER. A study at the Rocky 

Mountain Institute identifies 13 potential services provided by storage to customers, utilities and 

system operators: 

 For customers: Time of Use (TOU) bill management, backup supply, demand charge 

reduction, increased solar PV self-consumption 

 Utilities: resource adequacy, distribution infrastructure deferral, transmission congestion 

relief, transmission infrastructure deferral 

 System operators (ISOs/RTOs1): energy arbitrage, frequency regulation, spin/non-spin 

reserves, voltage support, black start  

 

The study notes that the largest number of services is available if storage is sited behind-the-

meter. As a result, storage should be sited as far down the system as possible, although the 

                                                           
1
 ISO – Independent System Operator. RTO – Regional Transmission Operator 
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value of storage will vary depending on the specifics of the grid. The authors conclude that 

barriers to market participation for behind-the-meter storage need to be removed and the 

analysis models should be changed so that storage is considered as an alternative to wire or 

other traditional solutions. (Fitzgerald et al, 2015) 

 

Electric vehicles are an example of a technology with DER potential which would also provide 

overall load growth. Shepard (2015) observes that electricity vehicles are a potential market for 

electricity utilities which are otherwise facing stagnant sales. He points to studies that show 

electric vehicles generally improve load factor through off-peak charging, without requiring 

significant system upgrades. He notes that electric vehicles could provide grid services as a 

form of distributed storage or demand response and concludes that utilities should promote 

electric vehicles more actively.  

 

Microgrids are another type of distributed resource. They are formed from the aggregation of 

DER in a specific geographic area. A microgrid could include a small group of customers, a 

particular development, or an entire community. Microgrids can act to support the grid, but can 

disconnect from the grid and remain running in times of major disruption, thereby providing 

additional resilience benefits to the microgrid customers. Although microgrids have been 

developed over time in a number of areas, they have received greater attention recently as a 

result of major weather events, such as superstorm Sandy on the U.S. east coast, and the 

resulting desire to increase system resilience. 

 

Stadler et al (2015) reviews the literature on value streams from microgrids. The complexity of 

microgrids, which require islanding detection, protection systems, and power quality assurance, 

adds to the costs of these systems. However the study concludes that the additional value 

streams from demand response, power exports, resilience, and local energy markets have 

significant economic potential and could offset the added costs. Microgrids also raise regulatory 

and legal issues. A report (Jones et al., 2015) on four microgrid case studies identified five key 

issues: 

 The need for a clear definition: is a microgrid an electricity distributor or not? 

 The need to address issue of franchise exclusivity 

 Liability for power and service quality  

 Rate design for services provided to, and taken from, the grid 

 Consumer protection issues 
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The report notes that one option is to apply the traditional public utility regulatory paradigm to 

microgrids. The authors conclude that this is a workable alternative for integrated utilities 

operating microgrids, but that there need to be solutions which allow third-party provision of 

microgrids. (Jones et al., 2015) 

 

There may be parallels between microgrids and sub-metering in terms of some of the issues 

and challenges which arise. It would be relevant for Ontario to consider these parallels a it 

addresses the development of microgrids.  

 

Emergence of Transactive Energy 

As the costs of distributed generation technology decline, more customers will be incented to 

offset all or part of their demand from traditional sources. Customers with distributed generation 

(without storage) will, however, remain attached to the grid. This “load defection” presents a 

challenge for utilities, to the extent they have fixed costs that will need to be recovered over a 

lower level of demand. With the declining cost of storage, however, customers may find it 

becomes more economical to become completely self-sufficient, leading to the potential bypass 

of the grid altogether. This “grid defection” presents a potentially greater challenge for utilities.  

 

However, another path is possible. The costs of other DER technologies are also declining, 

including smart appliances and communications and control technologies. These advancements 

open up new opportunities for DER to integrate with the grid, allowing DER customers to 

provide services to the grid as well as take services from the grid. This has the potential to 

discourage grid defection and to increase the efficiency and reliability of the grid, thereby 

bringing benefits to all customers. This deepening integration between DER and the grid is 

known as “transactive energy”. New York’s Reforming the Energy Vision (REV) is an example of 

a regulatory initiative which has as its goal using distributors as the platform operators for 

transactive energy services.  

 

Kielsing (2015) explains how digital technologies enable and reduce the cost of two-way 

communication, thereby enabling and lowering the cost of transactions and reducing the scale 

economies driver for vertical integration. This opens the way for value creation through new 

services and products (energy management, home automation, remote access, etc.). In 

particular, she discusses transactive control (the use of smart grid technology to communicate 
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incentive and feedback signals to distributed agents) as a potential tool to deliver system-wide 

and customer benefits. 

 

Transactive energy can take place at the level of individual appliances. The customer 

participates passively, and appliance controls, grid communications, and price signals govern 

decision-making. This integration of demand flexibility by using automatic control can reshape a 

customer’s demand profile in time in a way that has little or no effect on the customer 

experience. As one commentator has described it: 

I like to think of TE [transactive energy] as Smart Grid 2.0 – the place where smart 

technologies, energy economics and humanity meet. It is all about the seamless 

coordination of millions of grid-connected devices to optimize the system as a whole. It 

aims to do this without impacting customer lifestyles and shares the benefits through 

dynamic, market-based incentives. (in Queen and Shilad, 2015) 

 

The benefits of this integration are potentially significant. One U.S. study has estimated the 

value to customers and to the grid from the automatic control of water heating and air 

conditioning. The estimated potential grid savings are $9 billion per year in avoided 

infrastructure costs, $3 billion in avoided energy costs, and $1 billion saved from providing 

ancillary services to the grid (total $13 billion). The study analyzed four scenarios to estimate 

customer impacts as well, and the results were bill savings ranging from 10%-40%. (Dyson et 

al, 2015) 

 

Each DER customer can provide flexibility to the system through the operation of its generating 

and storage capabilities, although it is unlikely that individual low volume customers will want to 

do this actively. A study done for the European Commission on the integration of DER explains 

that aggregators will be needed to capture the flexibility of many small DER customers. There 

are many potential aggregators including suppliers, retailers, telecom companies, and new 

companies. There are, however, barriers to aggregators and DER. For example, market rules 

and product definitions were designed for central generation facilities not distributed resources. 

The value of DER flexibility varies across time and space, and the true value of flexibility is not 

always in the market price. Feed-in tariffs and net-metering can distort signals, and tax and tariff 

arrangements create barriers for storage options. Tariffs need to create proper incentives based 

on local conditions. (SWECO, 2015)  
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Payne (2015) notes that interconnection policies are important for DER deployment, but are 

frequently a barrier due to the stringent technical requirements, regulatory barriers, and 

obstructive utility practices. In her view, both need to be simplified and made more consistent.  

 

The literature shows that there are many technical, institutional, and regulatory barriers to the 

integration of DER, which is not surprising given how fundamental the change would be. The 

literature is also clear that because integrating DER results in a more technically complex 

system, it will be challenging for policy and regulatory frameworks, and utilities, to match the 

pace of the technology change. 

 

Distributor’s Role in DER 

Determining the appropriate role for distribution utilities in distributed energy is a key issue in 

many jurisdictions. Should utilities be permitted to invest in these assets as part of their 

regulated rate base? Should they be precluded from doing so? The challenge is to develop a 

framework which ensures the economically efficient development of DER, while protecting 

customers, fostering competition and innovation, and providing utilities with the opportunity to 

remain viable. 

 

Corneli and Kihm (2015) identify three factors which are driving the need to determine the 

distributor’s role:  

 Competitive alternatives are increasing the elasticity of demand.  

 Bulk power will have little growth. The distribution monopoly will be eroded, and replaced 

by economies of scope, where utilities can lower costs and increase the benefits to 

customers thereby providing an incentive to remain grid connected. 

 The utility role can support lower cost higher value service, coordinating DER to support 

the distribution utility and the grid. 

The authors present two competing views of the distributor’s role: 

 Distributor as an energy services utility: In this scenario utilities evolve to play major role 

in using DER to provide services to customers by being active in developing, owning and 

aggregating DER. 
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 Distributor as enabling and integrating utility: In this scenario utilities provide the 

infrastructure for basic energy and capacity services and, through digital technologies, 

rely on competitive firms to provide DER services and to keep customers on the grid. 

They use the tools of economic and policy analysis to explore the implications of potentially 

competitive services on the natural monopoly and conclude that regulators will have less ability 

to protect utilities from competition and utilities themselves will be more responsible for their 

economic health through the choices they make. (Corneli and Kihm, 2015) 

 

Costello (NRRI 2015) reviews the advantages and disadvantages of allowing expanded utility 

activities. The potential benefits of direct utility involvement include economies of scale and 

scope, faster adoption of distributed generation, and the avoidance of a death spiral. The 

potential risks include discouraging third-party entry, leveraging market power, an absence of 

fair competition, and entry barriers. Regulators will have to find the balance between not 

overburdening the incumbent and not discriminating against new entrants.  

 

The Council of European Energy Regulators (CEER) has concluded that that the role of the 

distributor should be that of a neutral market facilitator acting in the public interest. This 

approach will ensure a level playing field for new entrants and protect customers. A key issue in 

the distributor relationship with customers is data management, and CEER concludes that a 

customer, not the distributor, owns the customer’s data. Despite the preferred neutrality for 

utilities, CEER does conclude that distributors should be permitted to participate in some “grey 

areas”, such as energy efficiency advice, flexibility and storage, and customer engagement. 

(CEER, 2015) 

 

O’Boyle (2015) reviews a series of case studies to present the strengths and weaknesses of 

utility owned and operated DER, and non-utility owned DER (third-party operated and customer 

operated).  He concludes that each ownership model may be appropriate, depending upon 

policy priorities. Both approaches should prioritize fair compensation, foster innovation and 

competition, and provide transparency for market participants. He finds that utility owned and 

operated DER works best when narrowly tailored to public policy goals, but that concerns about 

market power and cost overruns may arise. Utility projects are generally successful for early 

adoption and demonstration projects. Third-party DER excels when the participants can 
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ascertain and access the full value of DERs, but this requires dynamic rate design and 

competitive markets for bulk-system and distribution level services. (O’Boyle, 2015) 

 

The literature shows that opinion is mixed as to the appropriate role for distributors. However, 

an early policy and regulatory decision is likely an important foundational step in the sector’s 

transformation. Given the number and variety of distributors in Ontario there may not need to be 

a uniform model across the province, at least not initially. The utility business model is 

discussed further under Portfolio 3. 

 

Concluding Observations 

Technology in the electricity sector is changing and advancing, and the costs are declining. As a 

result, customers have an increasing number of options to meet their energy demands, ranging 

in scale from individual appliances and individual houses (e.g. solar PV with battery storage), to 

groups of customer and whole communities (microgrids). Customers have the potential to 

become self-sufficient, but they also have the potential to be more deeply integrated with the 

grid.  

 

Effective integration of DER has the potential to benefit all customers, utilities, the system as a 

whole and society. However, utilities, policymakers and regulators will be challenged to keep 

pace with these technology and customer-driven changes. They must balance the demands of 

the new energy customers with the expectations of all customers for reliable and affordable 

service. Although solutions will be based on the specific characteristics of an individual utility or 

system, there is much that can be learned as DER is being developed and adopted worldwide. 

These issues are addressed further in Portfolio 3 and Portfolio 4. 
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Portfolio 3: Grid Modernization and the Utility of the 

Future 
 

The electricity grid will face increasing pressure to adapt to technology changes at the customer 

level and to the increased penetration of DER. The potential impacts on the distribution utility 

business model are expected to be significant. Distribution utilities will look to offer new services 

to enable reliable, integrated and innovative opportunities, potentially in competition with other 

services providers or potentially as an enabler of competition amongst third-party service 

providers. Transmission systems and grid operators will be challenged to maintain reliability and 

enhance efficiency through the effective integration of new resources using enhanced grid 

technologies. Together, these trends will lead to a transformation of the sector. 

 

The technology drivers for this transformation include: 

 Smart grid, including information and communications technologies 

 Distributed generation and storage 

 Resource integration, including microgrids, virtual power plants,  and demand response 

 Grid control, including situational awareness and interoperability 

 Cybersecurity 

 

The economic and policy factors include rate design for new services, policy barriers and 

incentives, and regulatory barriers and incentives. The literature related to these drivers 

provides a wealth of analysis of the key developments and issues, and will be reviewed here 

under the following key topics: 

 Rate design for distributed generation: net metering and the alternatives 

 Rate design for DER 

 The utility business model 

 Distribution system planning 

 Advancing the regulatory framework 

 Select regulatory developments in leading jurisdictions 
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Rate Design for Distributed Generation: Net Metering and the 

Alternatives 

Costello (Electricity Journal, 2015) identifies the importance of rate design as the regulatory 

intersection between distributed generation and the utility business model: “ratemaking affects 

the utility’s incentive to accommodate or promote DG [distributed generation], the economics of 

third-party DG investments, and the well-being of non-DG customers.”  

 

Under net metering, customers are billed at retail rates for the net amount of energy they 

consume, and as a result the compensation they receive for the electricity they generate is 

equivalent to the retail value. Net metering has been one of the drivers of distributed generation, 

and has been the primary pricing tool for distributed energy. Net metering has the benefit of 

being relatively straightforward and easy to understand. However, the simplicity has given rise 

to significant criticism, and a debate has arisen as to the fairness of net metering. Some argue 

that net metering undervalues the services provided by distributed generation and others argue 

it over-compensates distributed generation customers. The issue has become more pressing 

given the significant and growing penetration of distributed generation installations.  

 

Raskin (2013) observes that under net metering the energy produced by distributed generation 

is valued at the bundled retail rate for electricity, which is between two and six times the market 

price for energy. These customers, however, continue to rely on the grid for backup and 

supplemental energy. He notes that in many jurisdictions the result is a wealth transfer to the 

high-income adopters from low-income customers. Costello (2015) is similarly critical of net 

metering, which in his view lacks a rational economic foundation and is essentially a regressive 

cross-subsidy to higher income customers. Bayless (2015) also provides a spirited critique of 

net metering at the full retail rate. This concern that net metering provides a cross-subsidy for 

affluent customers has also been raised in Australia. One commentator sees the cross-subsidy 

happening two ways. First, customers with distributed generation and large air conditioning load 

are not paying for their peak load on the grid. Second, these same customers receive more 

compensation for what they generate than the power is worth to the system. (Queen and Shilad, 

2015) 

 

The alternatives to net metering, however, are also the subject of criticism. Lazar and Gonzalez 

(2015) observe that rate designs such as minimum bills, straight fixed/variable (monthly fixed 
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charge), distribution surcharges (for distributed generation customers), and exit fees all actively 

discourage distributed generation. They are particularly critical of high fixed monthly charges, 

noting that these rate responses risk driving customers away entirely. Graffy and Kihm (2014) 

go further, arguing that the traditional utility response of protecting cost recovery (e.g. through 

fixed rates, higher returns, exit fees, etc.) will exacerbate the competitive pressure by raising the 

cost of utility service. In their view, this approach also distracts utilities from taking a more 

proactive approach, impedes innovation and competition and ultimately risks customer 

backlash. Costello (NRRI 2015 and Electricity Journal 2015) reviews the following ratemaking 

responses to net metering:  

 More cost-based charges (e.g. demand charges for capacity costs) 

 Separate compensation for on-site generation (value of solar tariffs) 

 Standby rates for distribution service 

 Avoided cost rates for the generation provided 

In his view, each raises significant issues, especially in relation to valuing costs and benefits. He 

supports redesigning retail rates to better reflect costs (including demand charges) and 

developing robust standby charges. He is less supportive of structures like value for solar tariffs 

if the result is compensation for distributed generation which exceeds the utility’s avoided cost. 

 

Revesz and Unel (2016) review the net metering debate, analyze the costs and benefits of the 

options, and highlight the flaws and missing elements in the competing positions and in all 

current policies. They note that under net metering customers are not paying for the costs of 

their reliance on grid-delivered electricity or the demands they place on the grid and grid 

services. Because retail rates are not time-differentiated, customers with distributed generation 

are sometimes over or under-compensated for value. Net metering also does not capture 

coincident peak demand, and location-specific value. Ultimately, the lost revenues are shifted to 

other customers. However, they are also critical of fixed charges, as these ignore the actual 

variation in delivery costs and undervalue the savings achieved by the distributed nature of 

DER. They are also critical of the various caps some jurisdictions have implemented, noting that 

this tries to fix the inefficiencies of net metering with another inefficient policy. 

 

Despite the criticisms of net metering, a number of authors maintain that net metering in some 

form remains an important tool. Payne (2015) argues that net metering is vital to the success of 

distributed resources in enhancing system resilience. However, she notes that the form and 
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application of net metering varies widely across states. She describes the extent of the 

variations and complexity in terms of fuel source, size, proportion of utility load, standby 

charges, credits for excess generation, etc. Lazar and Gonzalez (2015) review a number of rate 

structures used to compensate distributed generation: feed-in tariffs, value of solar tariffs, net 

energy metering, and bi-directional pricing, and conclude that net metering is appropriate where 

distributed solar PV saturation is low. 

 

Jacobs (2015) notes the jurisdictional challenges around net metering and demand response 

and the boundary between FERC and state jurisdiction. The regulatory challenge is to incent the 

DER contributions to the system without unfairly shifting costs to traditional customers. While 

net metering may have aspects of a cross-subsidy, prosumers also provide benefits to 

traditional customers, and fixed charges may even have adverse impacts on traditional 

customers.  

 

Sappington and Brown (December 2015) conclude that the optimal policy to support distributed 

generation varies with the instruments available and with the prevailing distributed generation 

technology. In their analysis, capacity charges are often valuable for non-intermittent distributed 

generation sources, while net metering may be optimal sometimes (but usually not for non-

intermittent sources). In their view, being able to use both enhances the ability to drive efficient 

levels of capacity and production, although other instruments should also be analyzed, including 

demand charges, demand response, and conservation. 

 

Muro and Saha (2016) review a variety of recent studies (public utility commission-sponsored 

studies, Lawrence Berkeley Laboratory work, and academic and think tank work) and observe 

that a consensus is building that net metering frequently benefits all ratepayers when all the 

costs and benefits are taken into account. They note that net metering has been criticized and is 

being challenged in several states, and has even been rolled back in some states (Nevada). In 

their view, regulators need to consider the full range of costs and benefits when assessing net 

metering. Benefits come from deferred infrastructure expenditure, relief on peak, reduced costs 

from displacement of more expensive generation, and reduced environmental compliance costs. 

They conclude that regulators should have a rigorous transparent cost/benefit analysis 

framework.  
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A variety of studies have been done to identify and value the costs and benefits of distributed 

generation. This work demonstrates the challenges of identifying and measuring these factors, 

and shows how system characteristics and local policy priorities influence the results. One 

review of 16 distributed solar PV benefit/cost studies undertaken between 2005 and 2013 found 

a significant range of values, driven by differences in local context, differing input assumptions 

(natural gas prices, solar production, etc.), and differing methodologies. The methodology 

differences were mainly related to the level of granularity of the data, the categories of cost and 

benefit, and the approaches to calculating individual values. The study identified methodological 

gaps where further work should be undertaken, such as the granular nature of distribution 

system benefits/costs, the value of grid support services, and assessing the unmonetized 

values for security and the environment. (eLab, September 2013) 

 

Some commentators support an approach grounded in traditional regulatory principles. Raskin 

(2015) cites the key legal and economic principles around cost recovery and the need to attract 

investment. He argues for a levelling of the competitive playing field, by unbundling retail service 

rates and appropriately deriving compensation for distributed generation based on those 

unbundled rates. Others have presented analysis which includes environmental externalities. 

For example, Revesz and Unel (2016) propose an “avoided cost plus social benefit” approach, 

where distributed generation customers are compensated for the net avoided costs, including 

externalities. The direct benefits of distributed generation include avoided fuel purchases, 

avoided distribution capacity, lower losses, deferral of larger generation and transmission 

investment, and resilience. The societal benefits include reduced CO2 emissions, water and 

land conservation, and health benefits. The costs include ramping flexibility to balance supply 

and demand (especially for solar PV), flow management and voltage regulation (related to bi-

directional flow), and balancing for more variable demand. They note that technology 

improvements should lower many of these costs. 

 

Brown and Sappington (2015) develop an economic model to study the optimal compensation 

for distributed generation and find that the optimal compensation depends upon the level of 

externalities, namely pollution from each generation source. As a result the optimal 

compensation varies as industry conditions change. Optimal compensation could be below the 

retail rate when the externalities of the distributed generation and the grid generation are similar. 

Compensation could be above the retail rate when distributed generation entails a substantial 

reduction in externalities.  
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The literature suggests that as the level of distributed generation has increased, the relatively 

simple tool of net metering has become more contentious. However, the main alternatives at 

this point may be even less desirable if they drive grid defection or discourage economically 

efficient distributed generation. While net metering may be blunt, in the absence of more precise 

rate tools, it may be a reasonable proxy for the various costs and benefits of distributed 

generation.  

 

Rate Design for DER 

Many commentators note that work needs to be done on rate design generally, not just for 

distributed generation. Revesz and Unel (2016) conclude that a broader ranging reform of retail 

rates should be a longer-term goal, including consideration of time-varying and demand-varying 

rate design. Similarly, Brown and Sappington (2015) note that overall welfare may be enhanced 

through policies such as TOU rates and demand response rates. 

 

A 2014 report by the Electricity Innovation Lab (eLab) explains that pricing needs to change to 

reflect the costs and benefits of electricity services exchanged between customers and the grid 

to facilitate innovation, reduce costs, and maintain or improve resilience and reliability. Current 

rate structures have the opposite effect and risk lost opportunities. Pricing needs more 

granularity and to reflect a two-way exchange of value and services. New pricing structures 

should be developed through collaboration because they are likely to be complex and could 

disrupt DER business models. Prices will need to move to greater attribute unbundling, greater 

temporal granularity and locational granularity. The report recommends an evolutionary 

approach with customization to local circumstances, and examines six options which could be 

implemented individually or in combination: 

 TOU rates, demand charges, and distribution hot-spot credits should be considered in 

the short term.  

 Real-time pricing, attribute-based pricing, and distribution locational marginal pricing 

should be considered in the longer term.  

Technology and aggregators could facilitate a simpler customer experience in conjunction with 

more sophisticated and differentiated rate structures. (eLab, Rate Design, 2014) 
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Lazar and Gonzalez (2015) also comment that more advanced rate designs will be necessary to 

realize the full potential of new technology (customer owned generation, electric vehicles, 

storage, advanced metering and data systems), open up new markets (demand response, 

voltage regulation and other services, storage, smart controls) and accommodate distributed 

generation. They caution that if regulators and industry do not adapt, the risk is losing 

customers entirely. They conclude that “bidirectional, time-sensitive prices that more accurately 

reflect costs most closely align with the principles of modern rate design.” They review the 

current standard rate designs (flat rate, customer charges, demand charges) and find significant 

flaws, particularly with high fixed monthly charges. Instead, they argue for time-varying energy 

charges as the best way to reflect costs and to encourage efficient use of electricity. TOU, 

critical peak pricing or peak-time rebate and real-time pricing should all be considered. (Lazar 

and Gonzalez, 2015) 

 

Stanton (2015) surveys the DER processes which are currently underway. Almost every U.S. 

state2 is reviewing review rate design and program structure issues related to distributed solar 

PV in an attempt to more accurately account for the costs and benefits of distributed generation, 

and DER more generally. The report concludes that the analysis of rate design options would be 

improved with better modelling of the impacts on different types of customers (by size, income, 

etc.), impacts on utilities, impacts on the DER market, and impacts on society.  

 

A recent report for the NY Public Service Commission presents a proposal for a Full Value Tariff 

(FVT). “Full value” is the sum of the time-variant and area-specific avoided cost components of 

DERs and load changes. This includes local and system capacity values, zonal or nodal energy 

pricing, and energy losses. These components are currently monetized in retail rates. Full value 

could also include non-monetized components such as environmental, health, and resilience 

benefits.  The purpose of FVT pricing is to draw out the non-utility market-based alternatives to 

provide, avoid or defer utility services and investments, in other words to unlock the distribution 

value of DER. An FVT could include a customer charge, a network subscription charge 

(demand charge), and a dynamic price (marginal cost). FVT would be complex but with 

technology, loads (e.g. appliances) have the ability to intelligently and autonomously respond. 

The report sets out proposals with a gradual transition and a rapid transition. (Energy and 

Environmental Economics, 2016) 

 

                                                           
2
 At the time of the report 43 states and the District of Columbia. 



Mowat Energy – Literature Review 
June 10, 2016 27 

Work is also being done to analyze the impacts of various rate design alternatives. For example, 

a recent meta-analysis of studies, reports and analyses of time-based and demand charge rates 

finds that time-based rates are found to reduce peak by 0%-50% and total consumption by 0%-

10%. The impacts depend primarily on the peak-non peak ratio (a larger ratio is more effective); 

peak duration and frequency (shorter peak periods are more acceptable); the financial 

mechanism (a charge is more effective than rebate); the enrollment method (opt-out is more 

effective than opt-in); and enabling technology (automated customer response increases 

response).  The study notes that much less analysis is available on the impact of demand 

charge rates. There has been little experience in the mass-market, and therefore claims as to 

the impact are largely speculative. However, the authors suggest that the impact of demand 

charges is likely to be influenced by the cost components and allocation; peak coincidence (as a 

more targeted price signal than non-coincident); ratchet mechanisms (floor to stabilize utility 

revenue); and enabling technology (allowing for automated customer response). (Sherwood et 

al, 2016) 

 

Lazar and Colborn (2015) consider the impact of rate design on emissions. The U.S. Clean 

Power Plan requires significant CO2 reductions from the power sector, and Lazar and Colburn 

examine the impacts of using rate design as a tool to explicitly reduce CO2. They note that the 

least efficient, most emitting units are often dispatched last, and therefore a small reduction in 

demand could have a significant impact on emissions. They conclude that a high fixed charge 

will increase usage compared to a flat volumetric rate, leading to increased compliance costs. 

Alternatively, an inclining block rate will reduce usage compared to a flat volumetric rate, 

providing a low cost way to reduce compliance costs. The impact of TOU rates will depend on 

the system characteristics of dispatch. (Lazar and Colburn, 2015)  

 

Hledik and Lazar (2016) in a recent study for Lawrence Berkeley Laboratory look at four 

approaches to pricing services between utilities and DER customers (to and from customers):  

 Granular rates - separate price for each service to and from DER customers 

 Buy/sell - services to customers are a form of bundled utility rate, services from 

customers are priced on the characteristics of the specific service  

 Procurement model - bundled utility price for services to customers, competitive 

procurement for services provided from customers, probably through third-party 

aggregators 
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 DER-specific rates: separate rates for specific services provided to and from DER 

customers based on the characteristics.  

Although any of the approaches could work, success will depend upon the implementation. 

They suggest five criteria for assessment: economic efficiency, equity/fairness, customer 

satisfaction, utility revenue stability, and customer price/bill stability. They analyze the options 

from the perspective of the utility and the perspective of customers. Although no firm 

conclusions are reached, they comment that the granular approach could be very complicated, 

while the procurement approach and buy/sell show significant potential. The study is intended to 

stimulate further analysis, and they recommend pilots to test multiple concepts. The best 

solution will likely depend on the individual utility. For example, a utility with high penetration of 

electric hot water heaters could call on those appliances to provide frequency regulation and 

load shifting (diurnal storage). (Hledik and Lazar, 2016) 

 

Rate design for DER has the potential to be highly precise, but also highly complex. The 

literature presents a rich technical analysis of the costs and benefits of DER. However, 

translating those costs and benefits into rates which customers can understand will be 

challenging. Ontario has the benefit of having already adopted smart meters and TOU rates for 

energy. Ontario also has experience with pricing pilots, and these will likely continue to be a 

valuable tool to assess the various options.  

 

The Utility Business Model 

In addition to rate design reforms, broader considerations have arisen about the overall 

business model for distribution utilities. Increasingly, commentators are concluding that the 

adoption of DER will require more structural responses from utilities, if they are to remain viable 

and if the overall system is to benefit from the technological advances related to DER. The utility 

business model, along with the regulatory framework (which is discussed later in this section), 

will shape the overall response to the threat and opportunity of DER.  A study from 2013 

explains that the electricity sector is evolving from a traditional value chain to a highly 

participatory network or constellation of interconnected business models where retail customers 

interface with the distribution grid. Existing utility business models are outdated, but the 

distribution grid can be a partner to coordinate DER. (eLab, New Distribution Models, 2013)   
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A survey of 515 utility executives in late 2015 and early 2016 demonstrates the broad 

recognition of the changing nature of utilities. Utilities are looking for new revenue streams from 

energy management and efficiency services, community solar, and EV charging. They are also 

looking for TOU rates, higher fixed charges and demand charges. (Utility Dive, 2016) 

 

Hyman (2015) presents a financial analyst’s assessment of the current state of the electric utility 

sector. He notes that prices for electricity service are rising and customers demand is not. 

Utilities want to do the same work better, but keep being driven by rate base incentives despite 

static sales. He cautions that this situation creates the opportunity for disruptive investors, and 

their solutions will not necessarily benefit incumbents or society. In his view, disruption will come 

from outside the industry, and utilities are not responding effectively. They should be using 

existing assets better and keeping prices down. He concludes that utilities are becoming an 

uncertain investment. (Hyman, 2015) 

 

Newbury (2013) explains that a periodic disruptive event can fundamentally change the 

structure of a market or industry. Incumbents generally have difficulty responding, and 

monopolies are more likely to change their processes to lower cost because they have little to 

gain from introducing new products. He has observed that technological change in the sector is 

disrupting traditional scale economies, but utilities are not yet responding effectively. For 

example, Australian distributors had clear intentions to respond but few had a formal innovation 

strategy or policy. He finds that innovation is more structured amongst UK utilities, but it is 

siloed. (Newbury, 2013) 

 

Costello (NRRI, 2015) notes that the death spiral3 risk has been seen before. While he is of the 

view that a death spiral would hurt customers in the long term, he also takes the position that it 

is not good public policy to overprotect utilities from competition. In his view, the appropriate 

regulatory response lies in better ratemaking for DER and reviewing the utility business model. 

(Costello, NRRI 2015) 

 

A number of studies examine how utilities might respond strategically to the rise of DER. 

Kielsing (2015) discusses the impact of smart grid and distributed energy on the structure and 

                                                           
3
 A death spiral is the result of the interplay between utility fixed costs and the costs of a competitive alternative. 

As customers reduce their load, fixed costs are spread over lower volumes, which raises rates and drives more 
customers to the competitive alternative. If this pattern continues, the utility becomes financially unsustainable. 
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business models of distribution utilities and concludes that organizational and institutional 

change which integrates these new technologies into the system will bring benefits. She 

explains that the new model will be influenced by individual market and utility characteristics. 

Graffy and Kihm (2014) examine the role of strategic decision-making by utilities in response to 

the emergence of disruptive competition. In their view, utilities must adopt a value creation 

strategy to increase their long-term viability, although this requires significant adaptation. Each 

utility will also need to respond differently in terms of leveraging their strengths in service 

reliability and customer trust and creating combinations of products and services which meet the 

customer’s desire for choice. They point out that regulation and utilities must evolve together. 

Raskin (Energy Law Journal 2015 and Harvard Business Review Online, 2015) argues similarly 

that utilities will need to focus on cost recovery and greater value creation.  

 

There is a growing focus on the specifics of new distributor business models. Vrins et al (2015) 

describe how the grid is transforming into an energy cloud. Utilities will benefit if they can 

transform themselves into “network orchestrators.” They have some natural advantages 

(customer relationship, knowledge of supply and demand, understanding of how to integrate 

DER), but will need to change the culture and business focus, and adopt new technologies. A 

study prepared by a group of industry participants conclude that the focus should be on the 

development of new business models to better align incentives and opportunities. Their report 

compares two in particular: the distributed system platform model and the independent 

distribution system operator model. (Advanced Energy Economy Institute, 2015) 

 

A 2013 report from the Electricity Innovation Lab examines three potential business models, all 

based on a platform approach: the distributed resource finance aggregator (DER FinanceCo), 

the integrated distributed resource manager (DER dispatcher), and the independent distribution 

system operator (DNO). Regulators and policymakers should consider the following attributes 

when assessing the options:  

 Network efficiency, resilience and reliability 

 Level playing field for resources 

 Innovation 

 Transparent incentives 

 Minimize complexity 

 Workable transition 
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 Harmonized business models for regulated and non-regulated. (eLab, New Distribution 

Models, 2013) 

 

In Costello’s view (NRRI 2015), the utility business model must exhibit three qualities: 

 It must respond to new technological and market developments. 

 It must support traditional regulatory objectives (cost-based rates, fairness, reliability). 

 It must satisfy predetermined broad social objectives (affordability, clean energy).  

He explores some of the alternatives, including platform provider, and identifies some of the 

issues which utilities and regulators will need to address. 

 

Kielsing (2015) supports retail competition, and focusses the discussion on what functions and 

transactions distribution utilities should perform in addition to wires ownership. She examines 

three categories of business model: ownership, management, and coordination:  

 Ownership entails the continuation of vertical integration where the distributor is a direct 

market participant.  

 Management entails operating the system on behalf of the market participants, where 

the distributor retains responsibility for reliability and balancing. This model corresponds 

in many respects to the current net metering approaches.  

 Coordination means that the distributor is not a market participant at the wholesale or 

retail level, but instead facilitates the transactions of independent agents. This is the 

platform service provider model which has the potential to provide economic 

coordination, reliability coordination and information provision, and can help the network 

in aggregate meet environmental and other policy mandates.  

 

While the platform service provider model offers many potential benefits, she notes the 

complexity of this approach and identifies some of the issues which need to be addressed, 

including pricing related to recovering fixed costs. 

 

Satchwell et al (2015) examine the potential regulatory and business model responses to 

address the impacts of disruptive technologies and present a framework by which to evaluate 

particular proposals. They explain that their framework is more holistic than other approaches 

because it focuses on the link between regulatory/utility business models and the goals of 

policymakers. The framework examines utility business and regulatory paradigms on two 

characteristics: profit motivation and profit achievement. Each can be viewed as a continuum.  
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 For profit motivation the continuum runs from Assets (in other words utilities maximize 

their profits by focussing on investing in assets to expand ratebase, thereby earning the 

regulated return) to Value (where profit is maximized by extracting maximum value from 

existing assets or building incremental assets which create value). Regulators can incent 

a shift along the continuum by linking earnings to the achievement of targets and goals 

through performance-based regulation. 

 For profit achievement, the continuum runs from Commodity (where greater profits are 

achieved through increased sales) to Services (where profit is increased by providing 

more services). If regulators want to incent utilities to deliver value-added services 

(energy efficiency, home automation, electric vehicle charging, energy storage) then 

profit achievement needs to be more closely linked to those services and changes in 

rate structures are needed.  

These two continuums are combined to create a two-by-two grid. The objective is to move 

utilities from the Asset/Commodity quadrant toward the Value/Services quadrant. The authors 

emphasize that the pace and pattern for DER adoption will vary by region, based on technology 

costs, customer preferences and policy frameworks, and therefore regulatory frameworks and 

utility business models will also vary. However, effective transition strategies can help mitigate 

risk for utility shareholders, customers and third-party providers while facilitating the 

achievement of DER objectives. 

 

The literature suggests that effective integration of DER will require significant changes in the 

utility business model. These changes go to the very foundations of the traditional monopoly 

utility business, and it is not yet clear whether electricity monopolies will be able to make a 

successful transition. 

 

Distribution System Planning 

DER has important implications for distribution system planning. One study examines how 

higher penetration of DER requires new tools and methods for distribution system planning 

(Colman et al, 2016). The study looks at five leading utilities, and analyzes how each is pursuing 

a different mix of methodologies and tools in their planning, including: 

 Methods and tools for assessing DER hosting capacity  

 Valuing locational costs and benefits of DER 
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 Guiding DER installations to preferred locations 

 Assessing the need for rate restructuring 

 Monitoring and control of DER 

 New organizational structures to support planning 

 

The study goes on to outline a comprehensive proactive framework for utility planning, including 

the following elements: 

 Load and DER adoption forecast 

 Transmission and distribution grid impacts 

 Bulk power impacts 

 Finance, rates and regulation (including locational costs and benefits, DER to avoid 

traditional infrastructure investments, financial and rate impacts of DER, and policies 

related to incentives, tariffs, contracts, and competitive processes) 

 Strategy and operations 

The five processes are interdependent and the process is iterative. The goal is to converge on 

an optimal portfolio of DER. The study highlights that there are other key issues, including 

ownership/control, DER markets and procurement, data sharing, rate impacts, IT, staff, local 

customer and regulator preferences. (Colman et al, 2016) 

 

Kind (2015) also highlights the importance of system planning. He explains that the impacts of 

the disruptive forces are currently being borne by ratepayers through higher rates, but will soon 

become a challenge for investors. He maintains that utilities and regulators need to shift away 

from higher fixed charges to approaches which better align customer, utility and policy goals. 

More broadly, what is needed is a pathway to a “21st century utility” system. He envisions the 

distributor at the center of resource integration and stakeholder collaboration and recommends 

a shift in regulatory focus to planning and transparent accountability metrics and the linking of 

utility revenues to results and new services. In his view, this will ensure financially healthy 

utilities, which are essential to maintaining the grid. (Kind, 2015)  

 

Tierney (2016) presents an analysis of the value of DER to the distribution system and 

implications for distribution planning, DER procurement, and DER compensation through case 

studies of Consolidated Edison (NYC) and Southern California Edison. The conclusions include 

the following: 
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 DER is proliferating, but net metering is coming to be seen as a blunt and imprecise 

instrument. 

 Different technologies have different attributes, and value depends on location on the 

grid and characteristics of availability, dependability and durability. 

 Location-specific analysis of value will be needed. Analysis should be based on fairness 

and efficiency, long-standing regulatory principles. 

 Utilities should integrate DER into their planning, so DER can substitute for traditional 

investments.  Market mechanisms are likely better than administrative payment based 

on avoided costs. Forward contracting for DER capacity may be good place to start. 

(Tierney, 2016) 

 

The literature shows that the integration of DER requires new tools and approaches to 

distribution system planning. The Ontario Energy Board has moved to advance the 

transparency and rigour of distribution planning to address a number of issues, including smart 

grid and greater connection of renewable generation. These advancements should facilitate the 

further evolution of distribution system planning in Ontario. 

 

Advancing the Regulatory Framework 

Regulators have a key role in assessing proposed utility business models and utility planning 

and advancing a regulatory framework which facilitates the success of DER. A report from 

industry leaders acknowledges the challenges regulators face in keeping up with the pace of 

change and in aligning the goals of universal service, customer choice, policy objectives, and 

fair cost sharing. In examining the regulatory framework, the regulator’s focus should be on the 

development of new business models that better align incentives and opportunities (Advanced 

Energy Economy Institute, 2015).  

 

Kielsing (2015) examines the history of the electricity sector and explains how from the 

beginning technology has driven the business model and the regulatory framework. Market 

liberalisation and the development of wholesale markets and the unbundling of the vertically 

integrated utilities were a continuation of that historical trend. She concludes that organizational 

and institutional change can integrate new technologies which will enable more efficient, 

transparent, competitive and decentralized electricity markets for the benefit of customers and 

the system.  
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DeCotis (2016) comments that while utilities are supportive of greater DER, they need clarity as 

to the regulatory paradigm, including the rules around DER asset ownership, recovery of the 

costs related to interconnection and system operations, IT and data management, and 

management of customer data. In his view, utilities need to evolve and treat DER as an 

opportunity rather than threat, and regulators need to better understand risks utilities face. Both 

need to work collaboratively. Similarly, Costello (2015) notes that the utility business model and 

regulation must evolve together to ensure the best alignment of outcomes. 

 

A recent survey of customers, utility executives, and regulatory commissioners/staff shows there 

is customer interest in DER installation, but utilities are only supporting this through actual 

investments if they are mandated to do so. The survey suggests that regulators are more 

confident than utilities that the regulatory model allows support for DER. (westMonroe, 2016)  

 

A number of reports call for reforms to the overall ratemaking framework and the adoption of 

performance base regulation (PBR). Harvey (2015) argues that utilities need to be in charge of 

system optimization, not just the supply of electrons, and that utilities need to be rewarded for 

performance rather than sales. Regulators should institute PBR through incremental 

performance benchmarks linked to explicit public goals, with collars and safety valves to protect 

excessive downside or upside risk. He explains that this approach creates an adaptive structure 

within the utility. He points out that public utility commissions are accessible and functional 

decision-making bodies, as opposed to Congress, and therefore are the appropriate forum to 

examine and resolve these issues.  

 

Similarly, O’Brien (2015) points out that the current regulatory system creates a competitive 

barrier for incumbents. PBR and rate re-design, along with a platform business model, are 

needed to allow utilities to respond to the pressures of flat total demand, rising peak demand, 

aging infrastructure, and customer expectations. PBR would provide more flexibility, while 

requiring more accountability for outcomes and greater transparency into capital spending and 

operations.   

 

Lowry and Woolf (2016) explain out that cost of service regulation creates disincentives for 

DER, even with a lost revenue adjustment mechanism. PBR, with a multi-year rate plan and/or 

performance incentive mechanisms, provides a better alternative. The authors review the 
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advantages and disadvantages of multi-year rate plans and performance incentives, from the 

utility and the customer perspective. They also review some of the options to address the 

challenges of multi-year plans and performance incentives. The report concludes that if a 

regulator wants to support DER, it should improve utility performance and streamline regulation. 

If openness to regulatory change is high within the jurisdiction, then the regulator can adopt 

performance incentives for DER, a multi-year rate plan, and revenue regulation. UK’s RIIO 

framework is presented as a potential model. 

 

Satchwell et al (2015) emphasizes the importance of transition strategies as part of broader 

regulatory reform. The report notes that the pace and pattern for DER adoption will vary by 

region, based on technology costs, customer preferences and policy frameworks, and therefore 

regulatory frameworks and utility business models will also vary. Effective transition strategies 

can help mitigate risk for utility shareholders, customers and third-party providers while 

facilitating the achievement of DER objectives.  

 

Along with transition strategies, regulators should consider pilots and other incremental 

approaches. CEER (2015) supports the use of regulatory incentives for smart flexible solutions 

and the acceptance of controlled experimentation in pursuing benefits for current and future 

consumers through these complex tariff issues.  

 

A variety of studies have created more general frameworks for regulators to use as they pursue 

regulatory reform for DER. Costello (2015) presents a set of real-world policy objectives and 

aligns each with a set of utility strategies to achieve them, supporting regulatory practices, and 

indicators of achievement. He highlights that a key issue for regulators will be to assess the 

potential benefits of direct utility investment in distributed generation against the potential 

adverse impact on competition in this area. 

 

De Martini and Kristov (2015) set out a practical framework for regulators to:  

 Understand and consider DER growth in their jurisdictions  

 Address its impacts in a manageable, logical sequence  

 Guide distribution system evolution with clear lines of sight to overarching public policy 

objectives  

For the transmission/distribution interface, they recommend that regulators focus first on 

engineering studies, infrastructure planning, and interconnection rules and procedures. Next, 
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regulators should consider DER service definitions and procurement mechanisms. They caution 

that regulators must be adaptable because the evolution is being driven from the bottom by 

customer demand.  

 

Stanton (2015) observes a growing trend marked by a shift away from the issue-specific 

incremental regulatory approach to a more comprehensive, holistic, multi-stakeholder “win-win” 

approach. New York’s REV approach is an example. Stanton notes that a more holistic 

approach would be aided by more transparent and coordinated planning and modelling and 

analysis of the impacts of various policy options on utilities and the economy. (Stanton, 2015) 

 

A report by the National Renewable Energy Laboratory (NREL) looks at the adaptive, 

reconstructive and evolutionary approaches to policy decision-making in the face of the 

worldwide trends in the sector. Rather than just focusing on the utility business model or rate 

frameworks, policy should take a broader approach and be focused on the power sector 

“ecosystem”. Next generation PBR is an adaptive approach to reorient vertically integrated 

utilities toward broader set of public policy outcomes. A reconstructive pathway would 

restructure power markets based on lessons of the last 20 years. An evolutionary pathway 

would empower the distributor as a system operator (examples include RIIO and REV). The 

report also looks at the integration of pathways to provide greater energy access. (NREL, 2015) 

 

The literature demonstrates that in addition to detailed technical and rate design issues, 

regulators must also review their overall regulatory frameworks and determine what changes 

are necessary to support market transformation and integration of DER. Ontario has been 

moving from incentive regulation to a more performance based approach (the Renewed 

Regulatory Framework). In line with the literature, further evolution of the regulatory framework 

will likely need to consider specific incentives for targeted performance outcomes, among other 

tools. Several jurisdictions have been addressing the issues of DER integration and utility 

transformation from a structural or holistic perspective. A discussion of developments in these 

jurisdictions is presented next. 

 

Select Regulatory Developments in Leading Jurisdictions 

Significant work related to electricity market transformation is taking place in a number of 

jurisdictions, including New York, California, the UK, and Australia. The following discussion is 
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not intended to be a comprehensive presentation of the regulatory issues in these jurisdictions. 

Instead, it is intended to be a targeted exploration of some of the key issues which will likely 

have particular relevance for Ontario. 

 

New York 

Under New York’s Reforming the Energy Visions (REV), distributors will act as Distributed 

System Platform (DSP) providers. The Public Service Commission (PSC) REV Order discusses 

the trends which are driving the need for reform: aging infrastructure, flat demand, climate 

change, technology, etc. and notes that many other jurisdictions are facing similar trends. The 

Order establishes the long-term vision, identifies key issues, sets out the main steps, and 

provides policy direction on some initial detailed issues (e.g. distributors will not own DER). The 

Order also documents the very broad stakeholder input, including public comments on line and 

public statement hearings around the state, and responds to the input received. (NY PSC Order, 

February 2015) 

 

The New York PSC has already considered some of the key issues though individual utility 

applications. For example, in late 2014 the PSC approved a plan by Consolidated Edison to use 

a mix of traditional utility infrastructure and non-traditional resources to meet system needs in 

New York City (the Brooklyn/Queen’s Demand Management Program). The Program and the 

decision have been the subject of comment and analysis. For example, Hu et al (2015) review 

the decision and find it accords with the five principles of grid neutrality for a fair and open 

electricity network:  

 Empowering the consumer while maintaining universal access to safe, reliable electricity 

at reasonable cost 

 Demarcating and protecting the “commons” 

 Aligning risks and rewards across the industry 

 Creating a transparent, level playing field 

 Fostering open access to the grid 

 

The New York PSC is now in the process of developing ratemaking reforms to remove 

disincentives and create alignment between customer and distributor interests in support of 

REV. A staff white paper sets out proposals related to the utility model and earnings 

opportunities. The proposals were developed through outreach and public comment. The paper 

also addresses technology issues, operability issues, market structure issues, ratemaking 
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issues, and rate design issues. They emphasize transition mechanisms to drive initial change 

and success, and to gain broad acceptance. As changes take hold, the transition mechanisms 

may fall away (Staff White Paper, 2015). Responses to the staff paper were detailed and broad 

ranging, often arguing that the proposals did not go far enough. (See, for example, Comments 

of the National Energy Marketers Association (2015) and Comments of the Institute for Policy 

Integrity (2015).) 

 

The PSC has just recently released its Order setting out its policy framework for the new 

ratemaking and utility revenue model. The PSC’s objective is to create a modern regulatory 

model that better aligns utility shareholder financial interest with consumer interest. The Order 

states: “The public interest is best served when utilities’ economic objectives are decisively and 

substantially aligned with public policy and consumer interests.” (p.6) The Order sets out a 

framework where over time revenues will be increasingly earned through facilitation and 

operation of more transactive retail markets, based on three principles: 

 The unidirectional grid must evolve into a more diversified and resilient distributed grid 

engaging customers and third parties. 

 Universal, reliable, resilient, and secure delivery service at just and reasonable rates 

remains a function of regulated utilities. 

 Overall efficiency of the system and consumer value and choice must be improved 

through mix of utility and third-party investment. 

 

Under the new framework, utilities will have four revenue tools:  

 Traditional cost-of-service 

 Earnings tied to achievement of alternatives that reduce utility capex and provide 

definitive consumer benefit 

 Earnings from market-facing platform activities 

 Transitional outcome-based performance measures 

(Order Adopting a Ratemaking and Utility Revenue Model Policy Framework. May 19, 2016.)4 

 

New York has embarked on an ambitious plan to develop the DER market and to reform 

ratemaking for distributors to ensure they embrace rather than resist change. New York’s 

                                                           
4
 The Order also addresses competitive market-based earnings through unregulated subsidiaries, data access, 

clawback reform, standby service, opt-in rate design, large customer demand charges, scorecard metrics, and 
mass-market rate design. 
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approach is notable for the regulator’s overarching vision and the magnitude of change being 

undertaken. The REV initiative is becoming a model against which other reforms are being 

measured. It is a jurisdiction which Ontario should watch closely.  

 

United Kingdom 

The UK energy regulator, the Office of Gas and Electricity Markets (Ofgem), undertook a 

complete review of its price cap regulation and developed a new framework, named RIIO for 

revenue = incentives + innovation + outputs. RIIO was designed to encourage network 

companies to: 

 Put stakeholders at the heart of their decision-making process 

 Invest efficiently to ensure continued safe and reliable services 

 Innovate to reduce network costs for current and future consumers 

 Play a full role in delivering a low carbon economy and wider environmental objectives. 

 

The Chairman of Ofgem reviews the principles of RIIO in a recent industry lecture. He 

comments on the initial results in terms of improved customer service and higher quality 

business plans, but highlights that the future is uncertain, and the regulatory approach will 

continue to evolve. He identifies future work in the areas of new business models and the 

structure of charges (rate design), and notes that Ofgem does not want regulation to stifle 

innovation by new entrants. (Gray, 2015) 

 

In the foreword to a 2015 Ofgem discussion paper related to new business models, Dermot 

Nolan, Ofgem CEO states:  

I want us to get out of the way where regulation poses barriers, and to support 

innovation where the benefits are clear. But energy is an essential service, so we have 

to balance getting out of the way with the paramount need to minimise potential risks 

and keep costs to existing and future consumers down, and to ensure all consumers – 

especially those in vulnerable situations – are treated fairly.5  

 

The discussion paper is the initial stage of a long-term conversation looking at regulatory 

impacts and responses to non-traditional business models. Responses to the discussion paper 

noted that non-traditional business models can bring significant flexibility benefits, but there are 

                                                           
5
 Ofgem, Non-traditional business models: Supporting transformative change in the energy market: Discussion 

paper, February 25, 2015. 
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barriers in terms of integration with the grid and the market. There are also regulatory barriers to 

local energy solutions. The regulatory system needs to be more flexible and principles-based, 

but consumer protection remains a strong concern. (Ofgem, September 30, 2015.) 

 

Others have also noted that the UK regulatory system will need to change along with the system 

and the market. Strbac et al (2016) recommend that the focus be on setting commercial 

incentives rather than detailed investment evaluation. They also propose that there be 

incentives for smart grid, a level playing field for technologies in competitive markets, and the 

full integration of wholesale and retail markets.(Strbac et al, 2016) 

 

The experience in the UK demonstrates that even a jurisdiction which has undertaken a 

significant program of regulatory reform to address the issues of aging infrastructure and a 

changing generation mix must continue to evolve in order to respond effectively to the emerging 

issues around DER and expected further market transformation. The UK is also an example of a 

jurisdiction which is simultaneously driven to promote competition and protect customers, 

particularly vulnerable customers. 

 

California 

The California Public Utilities Commission (CPUC) recently released its Draft Regulatory 

Incentives Proposal (April, 2016). As in New York, the CPUC’s objective is to align the utility’s 

financial objectives with the CPUC’s desire to foster cost-effective DER. The CPUC has 

assessed that a utility’s financial interest is governed by the principle that a utility invests when 

the allowed return on equity is greater than the cost of equity. The proposed incentive is 

therefore related to the differential, which is estimated at 2.5%-3.5%. The structure of the 

incentive would allow shareholders to earn about 3.5% (of the payment to the DER) when the 

utility chooses DER over more traditional rate base investments. (The CPUC notes that under 

this approach it would need an iterative and automatic way to determine allowed return and cost 

of equity going forward.) A DER project would be considered cost effective if the costs of the 

DER plus the incentive (in present value revenue requirement terms) is less than what utility 

would have recovered through the alternative investment. The analysis may include system 

level costs for energy, capacity and ancillary services, as well as avoided GHG emissions. The 

intention is for the proposal to go forward on a pilot basis, but eventually the process will be 

integrated into the Distribution Resource Plan, which is the subject of a separate coordinated 

CPUC proceeding.  



Mowat Energy – Literature Review 
June 10, 2016 42 

 

California also provides some interesting examples of cooperative work being undertaken by a 

variety of parties. For example, the Advanced Energy Economy Institute has prepared a position 

paper setting out recommendations and proposals arising from the cooperative efforts of a large 

group of electricity sector players, including utilities, technology companies, and consultancies. 

It presents a broad vision of an integrated approach to market transformation at the wholesale 

and retail level. The report identifies three areas to be pursued: innovation in product and 

service delivery, system design and technology, and regulatory framework, incentives and 

revenue mechanisms. (Advanced Energy Economy Institute, 2015) 

 

Another example is a report on energy storage, prepared jointly by the three California 

regulatory agencies (the CPUC, the California Energy Commission and the California 

Independent System Operator) and based on the input of over 400 stakeholders. The report 

looks to support the advancement of grid storage by presenting a common view of the issues to 

be addressed, the level of priority and which agency is responsible. The report serves to 

coordinate their efforts and provide a platform of common understanding. This approach shows 

the importance of agency cooperation in identifying and prioritizing the technical, market, and 

institutional issues which must be addressed. (CPUC, the California Energy Commission and 

the California Independent System Operator, 2014) 

 

California is like other key jurisdictions in its goal of aligning the incentives of utilities with the 

policy and regulatory goals of DER. It presents an interesting example of ratemaking reforms 

being implemented on a pilot basis. This provides the opportunity to learn from experience while 

mitigating risk. In dealing with the complexity and breadth of issues around integrating DER and 

modernizing the electricity grid, California’s experience demonstrates the value of cooperative 

efforts to identify and prioritize issues and establish an overall vision. 

 

Australia 

A recent study from Australia further demonstrates the potential for cooperative analysis.6 The 

Commonwealth Scientific and Industrial Research Organisation and the Energy Networks 

Association are partnering to develop a blueprint for the transition of Australia’s electricity 

                                                           
6 CSIRO and Energy Networks Association. Electricity Network Transformation Roadmap: Interim Program Report. 

December 2015. 
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system, using long-term scenario analysis to 2050 and more focused plans for 2015-2025. They 

are using broad stakeholder engagement, and placing customers at the centre of the project.  

 

The report outlines work in three areas: customers at the centre of the future grid (customer 

orientation for future work), the drivers for the transformation, and technical challenges and 

opportunities of DER. A balanced scorecard is being used to compare the options, including 

lower costs, fair rewards and cost recovery, more choice and control, and securing the clean 

energy transition. The scenario modelling shows that customer bills in 2030-2050 could be 

lower than they were in 2013. Work is also ongoing in three other areas: direction for business 

models, prices and incentives, and priorities for policy and regulation. In the area of the 

business model, they identify work to be done around four broad models: Information services, 

Beyond-the-meter services, Intelligent Grid, and Platform Enabled. They note however that 

there is no one-size-fits-all model and most progressive utilities are planning multiple evolutions.  

 

The report advises that policy and regulation should focus on long term customer interests, be 

flexible and enabling (of new technology and new competition), align network incentives with 

long term customer value, and be proportional, bounded, non-discriminatory, consistent, 

independent, and accountable. In the area of pricing and incentives they note that the first wave 

of reforms focussed on fair and efficient cost recovery and pricing, fixed cost recovery and 

demand-based rates. The second wave of reform will focus on fair and efficient operation of 

networks as integrated enabling platforms, with prices that are more location-specific and 

dynamic.  

 

Concluding Observations 

The drivers for electricity market transformation are the same in many countries: aging 

infrastructure, rising customer expectations, technology advancement, and climate change 

policies. Technological change is leading to more distributed systems which have the potential 

to be more efficient and more reliable. The issues which must be addressed are complex and 

the stakes are high. As De Martini and Kristov (2015) say, “If grid defection occurs at scale, we 

will have failed from a societal perspective.” Ontario’s approach must be customized to its 

particular circumstances, but solutions can be developed from the lessons learned elsewhere. 
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New technology is making new rate structures necessary, but the technology is also making 

new rate structures possible. Rate design for DER is the subject of intense study and debate. 

Net metering is a simple, but potentially inaccurate way of recognizing the costs and benefits of 

distributed resources. Work is being done to develop more precise and nuanced approaches, 

but these tend to lead to more granularity and complexity, which speaks to the difficulty of trying 

to fairly apportion costs and benefits. It will be a significant challenge to develop rate designs 

which are accurate and effective without being excessively complex. More structured analysis is 

needed, which recognizes the policy drivers (e.g. in terms of including externalities) as well as 

system characteristics. Pilots are a means of testing the implementation of new rate designs are 

assessing whether they are having the intended effect. 

 

More fundamentally, the utility business model and regulatory framework will need to evolve in 

order to effectively integrate DER into the system and the market. In developing practical 

approaches to address the issues, cooperative efforts are one approach to move forward on 

these complex and multi-faceted issues. It is likely the pilot projects will be a pragmatic 

approach to determine the most effective rate design tools and ratemaking reforms, and 

transition mechanisms may be useful given the potential extent of the required change. 
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Portfolio 4: The Future of Centralized Supply 
 

The traditional system of large-scale centralized supply, long-distance transmission, and one-

way distribution is being replaced by smaller scale, more distributed generation, along with more 

flexible transmission and distribution systems. The shift is being driven by technology, 

economics and policy. A more integrated web network brings the potential for significant 

efficiency and reliability improvements as well as the risk of significant stranded costs and 

system disruption. 

 

The technology drivers for a more integrated network include renewable generation and 

distributed generation, grid level storage, smart grid (including information and communications 

technologies), energy efficiency and demand response, and big data. The drivers for a more 

integrated network include: 

 Climate change and economic development policies 

 Policy and regulatory barriers and incentives for grid integration  

 Planning processes at the regional and provincial level 

 Integrated electricity and natural gas planning 

 Reliability requirements 

 

The literature related to these drivers will be reviewed through the following key issues: 

 Stranded asset risk 

 Grid level resources and grid operations 

 Market structure reform 

 

Stranded Asset Risk  

With increased penetration of DER, certain assets which are already part of the system may no 

longer be needed. The risk is that this happens before the assets have been fully recovered 

through rates. Utilities will generally seek recovery of these “stranded” costs. Commentators 

have observed the potential for the growth of DER to trigger a “death spiral” in utilities. A death 

spiral is the result of the interplay between the fixed costs on the utility system and the costs of 

a customer’s competitive alternative. As more customers reduce their load (“load defection”) or 

leave the utility altogether (“grid defection”), the fixed costs are recovered from a smaller 
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number of customers, which in turn pushes more customers to the competitive alternative. 

Stranded costs may also arise if distributed generation displaces central generation.  

 

Dyson et al. (2015) point out that needed grid infrastructure investment is estimated at $1 trillion 

over the next 15 years, but electricity sales are slowing. The resulting rate increases could make 

DER increasingly cost effective, leading to possible grid defection. Costello (NRRI 2015) notes 

that Moody’s has identified the risk of customers leaving the grid as part of its analysis. Raskin 

(2014) argues that recovery of some level of stranded costs is a necessary to ensure a 

reasonable market transition, to respect the regulatory compact, to ensure that utilities continue 

to cooperate on the implementation of public policies such as distributed generation, and to 

protect the majority of customers who continue to be served by utilities. He points to the 

compromise reached in the last round of market restructuring which resulted in the recovery of 

most stranded costs. He notes that legislation setting out the framework for recovery may be a 

better tool than relying on the courts. 

 

Grid parity is the point at which the cost of DER meets the cost of conventional electricity 

service. An analysis by the Rocky Mountain Institute in 2014 looked at when grid parity would 

be reached in New York, Hawaii, California, Texas, and Kentucky. The study includes a 

conservative base case, along with three scenarios: accelerated technology, demand-side 

improvement (i.e. greater customer responsiveness), and both factors combined. The results 

show that even in the base case, grid parity comes by 2030 for California and New York, and 

has already been reached in Hawaii. Grid parity is not reached until the late 2040’s for Kentucky 

and Texas, but it is reached much sooner under the improvement scenarios. (Rocky Mountain 

Institute, 2014) 

 

A further study by the Rocky Mountain Institute analyzes the timing for shifting from grid-

connected installations to grid-plus-solar to grid-plus-solar-plus-battery. The study estimates 

that 50% of residential sales and 60% of commercial sales in northeast could be lost by 2030. 

The study concludes that eliminating net metering and using fixed charges delays the timing, 

but does not “fix” problem of greater DER and load defection. They maintain that solar PV plus 

batteries could provide benefits to the grid, but need the right pricing, business models and 

regulatory structures. The alternative is significant risk of stranded transmission and centralized 

generation assets. The study concludes that we are at a “fork in the road”: one path leads to an 

integrated grid, the other to grid defection. (Rocky Mountain Institute, 2015) 
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The analysis of grid parity, however, is quite sensitive to assumptions about tax incentives and 

other subsidies. Motyka and Given (2015) provide an analysis of grid parity, without subsidies, 

across a variety of scenarios for utility scale onshore wind and solar PV. They find that grid 

parity is not imminent, except in a few states, and onshore wind reaches parity before solar PV 

in most cases. When incentives for wind and solar are included, grid parity is advanced by as 

much as a decade. They note that technology innovation could change this outlook, as could 

rising natural gas prices and wholesale power market rebalancing to reduce over-supply. 

(Motyka and Given, 2015) 

 

A recent study on the economic potential of renewable electricity generation (utility level and 

distributed) looks at the issue of grid parity from a different perspective. The study estimates the 

economic potential for utility level and distributed generation in the U.S. across a variety of 

scenarios. The economic potential ranges from 1/3 to 10 times total U.S. generation in 2013. In 

most of the study’s scenarios utility-level PV is the largest component, which is due in part to its 

large estimated technical potential. However, in another scenario which considers avoided 

external costs and the declining value of variable generation as its deployment increases, the 

potential for utility-level solar PV is reduced significantly, but there is no impact on the economic 

potential of distributed solar PV. (The estimates are based on the assumptions of full net 

metering for distributed PV and permanent tax incentives.) (Brown et al, 2015) 

 

Cooper (2015) examines a variety of cost estimates for nuclear power and alternatives and finds 

that costs of new nuclear are two to three times higher than distributed alternatives (energy 

efficiency, wind, solar, and storage). The analysis finds that maintaining aging nuclear reactors 

is also not competitive with distributed alternatives. In his view, distributed alternatives are 

superior in terms of risk, and the technical potential is more than adequate. He notes that 

nuclear operators claim that shutting aging plants will reduce reliability and reduce the ability to 

meet carbon emission reductions. However, he maintains these claims are false; he examines 

the situation in Illinois and finds no adverse impact on reliability. (Cooper, 2015) 

 

The literature suggests that the risks of stranded assets are significant for distributors, 

transmitters and generators. While the risk is particularly pronounced if there is significant grid 

defection, it is less clear what the potential impact will be with integrated DER. Ontario will need 
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to assess these potential impacts given the already substantial investments which have been 

made to drive to a low carbon electricity sector and the resulting impact on rates. 

 

Grid Level Resources and Grid Operations 

Although much of the focus is on DER, technological advancements are also occurring at the 

transmission grid level. Grid-level storage and enhanced grid operations are two examples.  

 

Three California regulatory agencies (California Public Utilities Commission, California Energy 

Commission and California Independent System Operator) have collaborated in an effort to 

support the advancement of grid storage. Their report, based on the input of over 400 

stakeholders, identifies three challenges: increasing revenue opportunities, reducing the costs 

of integrating with and connecting to the grid, and streamlining processes to increase certainty. 

The report identifies the specific issues to address these challenges, establishes the level of 

priority for each issue, and clarifies which agency is responsible for its resolution. The issues 

are discussed in terms of planning, procurement, rate treatment, interconnection, and market 

participation. The report does not set out an agreed or proposed timeline for the individual 

regulators to resolve the issues in their area. However, the report does serve to coordinate their 

efforts and provide a platform for common understanding. (California Public Utilities 

Commission, California Energy Commission and California Independent System Operator, 

2014) 

 

Other work has focused on the importance of grid flexibility to accommodate increased 

renewables. Aggarwal and Orvis (2016) explain the potential for the following enhancements:  

 Improved operations: shorter dispatch schedules (5 minutes), better weather forecasting, 

consolidated balancing areas  

 Demand response: up and down with full participation in energy and capacity markets  

 Transmission and distribution infrastructure 

 Flexible generation, such as combined cycle fast ramping gas and hydroelectric  

 Storage 

The report includes case studies related to short-term operational flexibility: ERCOT’s Fast 

Frequency Response creates value for new resources (pilot included storage and EVs) and 

CAISO’s Flexible Ramping Product creates value by using existing resources better. The report 
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also includes case studies related to longer-term measures: California’s storage mandate; 

capacity markets; and a staircase capabilities market (a sequence of long-term, small volume 

procurements for new capabilities). (Aggarwal and Orvis, 2016) 

 

Work by the New York Independent System Operation examines the benefits and challenges of 

integrating DER with the grid, particularly demand response. DER changes load shape, making 

forecasting more difficult. DER also potentially impacts the market due to surplus generation 

and the interaction of wholesale prices and net metering prices. However, the grid still needs 

ancillary services especially ramping. The study concludes that new technology and incentives 

will be needed to influence the location of DER and to facilitate integration of DER in order to 

get the benefits and deal with the challenges. (NY ISO, 2014) 

 

Analysis has also been done on the potential value of DER to reduce the risk of blackouts and 

to reduce losses. Govindarajan and Blumsack (2015) have analyzed the value of distributed 

generation from CHP in terms of reduced blackout risk (related to equipment overload, not 

weather events). Using a case study in Philadelphia, they analyze the costs and the social and 

private benefits. They estimate that deploying 1,000 building-integrated CHP units would bring 

benefits of $2 million to $2.5 million per year to CHP owners, and social benefits (the reduced 

risk of a blackout when the system is stressed) of $14 million to $40 million per year, depending 

on how the systems are operated. Further modelling of the social benefits from microgrid CHP 

for blackout risk in cases of extreme weather could also be done (Govindarajan and Blumsack, 

2015). Costa-Campi et al (2016) analyze the potential benefits of reduced losses from demand-

side management policies and distributed generation. The pattern of losses appears to be U-

shaped, with higher losses resulting at greater penetration of distributed generation. (Costa-

Campi et al, 2016) 

 

The U.S. Department of Energy is sponsoring a broad-ranging platform of work under its multi-

year Grid Modernization Program. The DOE sets out its vision in its program plan report: 

The future grid will solve the challenges of seamlessly integrating conventional and 

renewable sources, storage, and central and distributed generation. It will provide a 

critical platform for U.S. prosperity, competitiveness, and innovation in a global clean 

energy economy. It will deliver resilient, reliable, flexible, secure, sustainable, and 
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affordable electricity to consumers where they want it, when they want it, how they want 

it.7 

Grid modernization is being driven, and enabled, by changes in the generation mix, demand for 

a more resilient and reliable grid, opportunities for customers to participate in the market on the 

demand and supply side, interconnected information and control systems, and aging 

infrastructure. The DOE is sponsoring work in six technical areas across a consortium of 

national laboratories. The work has included the following initiatives: 

 Renewables integration: including technical field work 

 Energy storage: including battery development (technical and cost focussed) 

 Systems operations and control: research, software platforms, demonstration projects.  

 Security and resilience: examining all hazards, including cybersecurity; focussing on 

actions to identify, protect, detect, respond, and recover. Projects include the New 

Jersey transportation microgrid 

 Institutional support: providing technical assistance and support for regional planning 

and reliability organizations; developing methods and resources for assessing grid 

modernization; researching future utility regulation. Work includes detailed mapping, 

case studies of net metering on investor-owned utilities; and a California DER 

siting/optimization tool for large-scale DER deployment8 

 

The literature demonstrates the scope of the challenges at the grid level from increased DER, 

and the breadth of potential tools available to advance the physical operation of the grid. The 

U.S. Department of Energy is sponsoring significant work in this area which may well be 

relevant for Ontario.  

 

Market Structure Reform 

A variety of studies related to utility-focused regulatory reform were presented under Portfolio 3. 

A number of studies are also looking at broader market reforms to facilitate the integration of 

DER. These initiatives are closely related to the advancement of the regulatory framework. 

 

                                                           
7
 U.S. DOE, Grid Modernization Multi-Year Program Plan, November 2015, P. xi. 

8
 U.S. Department of Energy Presentations to FERC, April 21, 2016. 
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Germany has issued its plan for “electricity market 2.0” which will bring competition in flexibility 

services (customers, generators, trade). The goals are security, cost savings, and innovation. 

The White Paper sets out the plan for implementation, with specific measures for each 

component of the new market structure. The paper includes a thorough review of the broad 

consultations, the reasons for the government’s decisions and the evidence supporting those 

decisions (from expert reports). (White Paper, 2015)  

 

The UK’s National Infrastructure Commission recently released its Smart Power report (March 

2016), which presents the results of its large stakeholder initiative to examine policies and make 

recommendations. The report estimates that Smart Power could save up to £8 billion per year 

by 2030 and help meet the UK’s 2050 carbon targets. Existing generation plant is reaching end 

of life and demand for electricity is changing; the system needs smarter ways to balance supply 

and demand for reliability and resilience, including:  

 Interconnection to other markets is expected to rise 11.3 GW by early 2020s, but other 

interconnections should be considered, including to Norway and Iceland.  

 Storage resources are growing and becoming competitive without subsidies, but there 

are regulatory barriers to market access.  

 Demand flexibility remains underused in UK because of barriers to fair market access. 

 A more independent system operator to invest in and operate a more complex grid. 

Local networks will also need to be more actively managed and have closer coordination 

with national network. 

 

One of the studies supporting the Commission’s work included a series of recommendations for 

the grid, the market and regulation as the UK electricity system goes to low carbon. The grid will 

be more complex and peakier, and potentially more costly as wind is curtailed in order to keep 

gas online. The grid will need more flexible generation, ancillary services, interconnections, 

demand response and storage. The future system will need to move away from redundancy and 

instead enhance asset utilisation through improved system control, big data, greater integration 

of transmission and distribution and decentralized control (microgrids). Design and planning will 

need to reflect these imperatives with greater coordination. (Strbac et al, 2016) 

 

Hogan et al (2015) note that a low-carbon system will likely rely on wind and solar, both variable 

resources, and that the cost and complexity of integrating these resources and maintaining 

reliability can vary greatly. However, a low-carbon system must continue to be reliable and 
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affordable. The report points to market rules, market design, and market operations as the 

means to achieve a low-cost and reliable transition. A number of tools are identified, including  

 A shift to more flexible portfolio of generation (less inflexible baseload, more mid-merit)  

 Balancing over larger areas 

 Economic dispatch 

 Tighter integration of intra-day and day-ahead and balancing market operations 

 Dispatchable demand-side flexibility 

 Improved energy and capacity markets 

Each of these tools is technically feasible and already used in varying degrees. The challenge is 

for policy to be developed in the most effective way. The authors focus on capacity 

mechanisms, noting that a capacity mechanism will enhance resource adequacy only if the 

operational characteristics of the resources are considered.  

 

Kristov (2015) expects that DER will be the dominant factor of the electricity system in 2030. 

This “integrated decentralized” system will be characterized by local self-reliant distribution-

based systems which remain connected to the transmission grid and the wholesale market, 

except in emergencies. The variability of DER and customer load will increasingly be addressed 

locally, and the distributor will be the aggregator of DER at the transmission/distribution 

interface and in the wholesale market. Storage will become ubiquitous across the system, along 

with new uses of electricity to use excess supply. 

 

In a more technical analysis, Kristov et al (2016) analyze the optimal grid configuration from an 

operations perspective and consider two alternatives: the “layered optimization” paradigm, and 

the “grand optimization” paradigm. In the “layered optimization” paradigm the distributor 

operates like a mini ISO, balancing supply/demand on its system and aggregating and bidding 

DER services to the grid via the wholesale market at the distribution/transmission interface. In 

the “grand optimization” paradigm, the ISO (or RTO or TSO) optimizes for the whole system, 

with visibility down to the granular level. The study finds that from a grid architecture perspective 

and a control theory perspective, the layered optimisation paradigm is better than the 

centralized grand optimization vision, although both can support peer-to-peer transactions. The 

authors conclude that making this design decision first clears the way to address all the 

subsequent issues.  
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The literature indicates that board market reforms will likely be needed to support the evolution 

of the grid and the effective integration of DER. Although there is potential for significant 

benefits, the changes will need to be coordinated with the evolution of the utility model and the 

regulatory framework. 

 

Concluding Observations 

The costs of distributed generation have continued to decline, leading more customers to offset 

at least part of their demand. This “load defection” has become a growing challenge for utilities 

as they seek to spread the largely fixed costs of the transmission and distribution grid over lower 

demand. Load defection has also led to the displacement of large, capital intensive, centralized 

generation. Now that the cost of distributed storage is declining as well, it is becoming more 

economical to be self-sufficient. This risk of “grid defection” would result in even more serious 

cost recovery issues for utilities and centralized generation. 

 

However, distributed generation and storage, coupled with advanced communication and 

control technologies, can enable customers to offer more services to the grid. Other forms of 

DER can do the same (e.g. smart appliances).  

 

The consensus appears to be that the full integration of economically efficient DER can lead to 

lower cost, higher reliability grids. However, current pricing and utility approaches may be 

discouraging integrated DER and risking grid defection. And current regulatory frameworks and 

and market structures may be barriers to advancement. So the system is at a cross-roads: will 

utilities, policy makers and regulators adopt policies and frameworks which seek to retard 

deeper penetration of DER, or will they embrace the potential of DER and seek to adopt policies 

and frameworks which fully recognize the costs and benefits of DER, and incent it where is 

economically efficient. The literature suggests that the first approach will ultimately be 

unsuccessful, while the second approach is complex and requires a coordinated effort to 

resolving the technical, regulatory and market issues. 
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Conclusions 
 

The emerging trends in Ontario’s energy sector are being experienced in many jurisdictions. As 

a result, there is a rich and varied literature examining many of the overarching themes, as well 

many of the more narrow and technical issues. This report has attempted to distill many of the 

ideas and issues explored in the more recent literature. Based on this body of work, a number of 

key themes have arisen which will be relevant to Ontario as it addresses the challenges and 

opportunities of the emerging energy sector transformation. These key themes include: 

 

 DER has evolved from a relatively simple load displacement tool (distributed generation) 

to an integrated resource which can provide a variety of services to the grid. This 

evolution has been enabled by the technology advancements and driven by rising 

customer expectations. 

 DER has the potential to bring significant benefits in terms of reliability, resilience, cost, 

and environmental impact, but also introduces greater complexity in terms of planning, 

operations, rate design, and market structure, and may result in stranded costs. 

 The evolution of the utility business model, the regulatory framework, and the market 

structure will need to be coordinated, but utilities and regulators will be challenged to 

match the pace of technology change and customer expectations. 

 The optimal solutions for a jurisdiction will be driven by its particular characteristics and 

policy drivers, but solutions can be developed based on learnings from other 

jurisdictions. The stakes are high given the need to provide reliable and affordable 

services for all customers and the potential for significant stranded assets. 

 Ongoing consultation, cooperative efforts, evidence-based processes, customer 

engagement, pilot projects, and transition mechanisms will each facilitate the successful 

navigation of the emerging transformation. 

 

Based on the literature surveyed, Ontario already has some of the attributes which have been 

identified as important for the integration of DER:  

 performance-based regulation 

 smart meters and TOU rates for energy 

 distribution system planning and regional planning which is becoming more transparent, 

organized and rigorous  
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 Experience with connecting renewable electricity generation on the distribution system, 

particularly at the individual customer level 

 Increased customer engagement 

 

Ontario can draw on the experience of others, as well as the analysis which has been done, to 

chart its own course through the energy market transformation. The work being conducted by 

Mowat Energy will be an important contribution to that effort. 
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