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ABOUT 

 
 
 
 
 
 
 
 
 
 

The Ontario Energy Association (OEA) is the credible and trusted voice of the energy sector. We earn our 
reputation by being an integral and influential part of energy policy development and decision making in 
Ontario. We represent Ontario’s energy leaders that span the full diversity of the energy industry. 

OEA takes a grassroots approach to policy development by combining thorough evidence-based research with 
executive interviews and member polling. This unique approach ensures our policies are not only grounded in 
rigorous research, but represent the views of the majority of our members. This sound policy foundation allows 
us to advocate directly with government decision makers to tackle issues of strategic importance to our members. 

 
Together, we are working to build a stronger energy 
future for Ontario. 
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REPORT CONTEXT 

This white paper was developed by the Ontario Energy Association (OEA) in collaboration with Ernst & 

Young LLP (EY) and a steering committee of participating Ontario-based local distribution companies 

(LDCs) known as the LDC Working Group. They include Alectra, Elexicon, Hydro One, Hydro Ottawa and 

Toronto Hydro who imparted technical and analytic input. 

As consultant to the process, EY provided thought leadership, developed the analytic approaches 

summarized herein, and facilitated discussion to develop and summarize findings. The OEA oversaw 

authorship of, and is responsible for, the observations and conclusions. 

Technical and economic data relied on for this analysis were obtained from either publicly available 

sources, or directly from steering committee members. EY or the OEA did not independently validate, audit, 

or assure the veracity or accuracy of this data. 

The conclusions of this report represent the views of the OEA LDC Working Group and not necessarily the 

views of all OEA members. The working group consulted with a broad range of key sector stakeholders 

during the report development process. 
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EXECUTIVE SUMMARY 

This report has been developed to provide a broad assessment of the potential benefits and associated 

challenges with implementing a distribution system operator (DSO) functional model within the electricity 

sector of Ontario. New and different levels of coordination, as well as markets and system functionality, 

will be required to leverage the flexibility and local reliability services that distributed energy resources 

(DERs) can provide as their adoption scales. 

Through the Grid Innovation Fund, the Ontario Independent Electricity System Operator (IESO) has invested 

$13 million in four LDC-led projects which are evaluating the potential of different system and market 

coordination models, including the concept of the DSO, to better optimize DER integration. The value 

demonstrated through these pilots affirms the need to pursue DSO capabilities for the province to 

leverage the full potential benefits of DERs province wide. 

Two DSO-enabled models were assessed in this report: the Total DSO model and Dual Participation 

model. These models were selected based on practices found to be common, or emerging, in global utility 

jurisdictions.  

Total DSO model: A model where the DSO acts as a neutral market facilitator to coordinate, optimize and 

dispatch DERs for the benefit of all market players. 

Dual Participation model: A model where the DSO coordinates and dispatches DERs for the benefit of 

customers and the distribution grid, while the IESO coordinates and dispatches DERs for the benefit of 

customers, and the transmission grid. 

For both models, the DSO would not give preferential treatment to any market participant and should not 

discriminate against any participant based on their technology, ownership, or geographic location. 

The OEA engaged a third-party service provider, EY, who supported in developing the analytic 

approaches and analysis, to define parameters of the various models based on global experience, and to 

examine the potential costs and benefits associated with each model. 

An economic assessment is included and offers both a top-down and a bottom-up approach. This 

assessment provides insights regarding the likely costs of delivering a DSO, specifically those associated 

with adoption of technology and systems, incremental full-time employees (FTEs) and other asset investment 

requirements. The assumptions, as well as the findings, were cross-referenced with savings and costs 

studied in other jurisdictions that were co-selected by EY and the OEA: Germany, the United Kingdom (UK), 

and Australia. 

Key Findings: 

DSOs could support higher DER adoption rates: In Ontario, DSO capability may have the potential to 

deliver approximately $0.1 billion to $1.2 billion of annual net benefits. 

Total DSO model may lead to higher DER penetration than the Dual Participation model: The analysis 

suggests that under a Dual Participation model, the achievable potential benefits forecasted are the most 

likely outcome. It is also assumed that under the criteria of a Total DSO model, a more competitive and 

market-based nature would allow for the economic potential of DERs to be achieved. 

DSO functional models can bring cost savings and additional societal benefits: The incremental system 

value of a Total DSO model could be as high as $2 billion annually. 

DSOs that are more proximal to customers could be more effective: It is essential for any DSO to have a 

strong understanding of local distribution grid and customer conditions to effectively orchestrate DER 

dispatch and value creation at the local level. 

DSOs of a considerable scale could be more effective: This analysis demonstrates that if LDCs in the 

province deliver the Total DSO model, system benefits of $5.2 billion to $11.8 billion (NPV) can be 

delivered over a 20-year period, accounting for inefficiencies due to the multiple communication points 

that may be required. 
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Additional Findings: 

Jurisdictional research illustrates that DSOs are often local distribution companies LDCs that have evolved 

to meet regulatory and market changes. Economic analysis suggests that incorporating DSO functionality 

within an LDC can yield numerous positive outcomes for the Ontario electricity system. DSO functionality is 

necessary to effectively handle the increased complexity of distribution networks as they adapt to better 

support the management of DERs. 

The regions studied, frequently considered leaders in DER integration, have clearly introduced DSO 

functionality to address the rising uptake of DERs within their respective electricity markets. It is also worth 

noting that the presence of a DSO has been found to encourage further DER adoption. 

Some entities and LDCs are likely better equipped to assume the responsibilities of a DSO in comparison 

to others. As referenced from jurisdictional research, some entities may ultimately provide DSO-like 

services to other entities that are less equipped to assume a substantive level of responsibility and/or be 

able to make the necessary investments. 

Economic modelling of an Ontario DSO model suggests that the Total DSO model approach is likely to 

have greater incremental benefits than the Dual Participation model and could lead to higher DER 

penetration. Specifically, the analytic findings indicate that the Total DSO model yields $5.9 Billion (Bn) to 

$9.3Bn more benefits (net of total costs) than the Dual Participation model. Research also indicates that 

there are more clear lines of accountability and fewer complexities within the Total DSO model relative to 

the Dual Participation model, particularly when thinking about the visibility required to effectively manage 

DERs connected within the electricity distribution system. 

Table Executive Summary 1 : Summary of DSO costs and benefits net present value (NPV) @ 8% for 20-year forecast 

 Total DSO model  Dual Participation model  

Low Case 

(NPV @8%)  
$ Bn   

High Case 
(NPV @8%)  

$ Bn   

Low Case 
(NPV @8%) 

$ Bn   

High Case 
(NPV @8%) 

$ Bn   
NPV @ 8% costs $(1.6) $(2.5) $(2.1) $(2.8) 

NPV @ 8% benefits $6.8 $14.4 $2.7 $5.4 

NPV net benefit (cost) $5.2 $11.9 $0.6 $2.6 

 
The economic model includes considerations such as DER penetration levels and changes in the customer 

value and system propositions. New DSO defined roles and responsibilities are considered and entail the 

likely need to shift the responsibilities of traditional actors (e.g., IESO, Ontario Energy Board (OEB)), 

and/or building completely new competencies. 

The economic model does not consider the regulatory framework or market incentive requirements and 

assumes these are already in place. The analysis conducted within the report is not reflective of potential 

policy or market changes, or unanticipated implementation challenges and barriers that may influence 

costs. 

Grid Modernization: 

When considering the potential benefits of DSOs for Ontario, it is important to consider that access to 

these benefits is rooted in grid modernization more broadly. Grid modernization program investments will 

bring a wide array of benefits to Ontario. For example, they will enhance the reliability, resiliency of the 

system, flexibility, enable customer participation in the energy transition, and allow customers to offset 

energy costs, and enable a DSO model with its additional and associated benefits. 

It is important for Ontario to consider that an accelerated grid modernization agenda is fundamental to 

support the future adoption of any DSO-enabled model. 



 



 

 
 
 
 

 

INTRODUCTION 

The electricity sector is expected to continue evolving at a rapid pace as Ontario aims to meet its emissions 

reduction targets, growing customer expectations for low-emissions electricity, and as advancements in 

system and consumer technologies and preferences evolve. Ontario’s electric grid is currently 90 percent 

emissions-free, but with high pressures on demand growth there will be increased demand for incremental 

emissions-free resources. Other jurisdictions have found success in responding to similar market challenges 

through the adoption and integration of DERs, making greater use of the resources to support the broader 

system through the implementation of a DSO-enabled model. 

Over the past decade, the OEB has updated the regulatory framework enabling LDCs to maintain the 

necessary capabilities and capacity to perform the functions of Distribution Network Operators (DNOs). 

Prudently planning a distribution system that reliably serves customers in the context of broader and more 

rapid DER adoption will become a routine function for LDCs moving forward, making DSO functionality a 

core element of utility operations. Ontario has already begun to expand LDC functionality through grid 

modernization efforts, and by adding DSO capabilities or functionalities to address local issues within their 

service territory. 

Other jurisdictions, facing the same challenges in Ontario of expanding the grid to accommodate DERs 

while enhancing flexibility and grid resiliency in an affordable and reliable manner, have also found 

success in the implementation of a DSO model. DSO models have been found to further enhance bi- 

directional flow capabilities of electricity across the distribution and transmission networks and supplement 

expanded generation at the bulk supply level by more productively integrating DERs1. 

This report defines and describes the characteristics of a DSO, along with the economic benefits and costs 

associated with expanding beyond the DSO functions already performed by some LDCs. It evaluates two 

different DSO-enabled models that factor in transmission and supply-level value-stacking opportunities: 

the Total DSO model and the Dual Participation model.* It also discusses the potential benefits of adopting 

a Load-Serving Entity (LSE) framework as an extension of a DSO-enabled implementation model. The two 

DSO models of focus are defined, as: 

Total DSO: A model where the DSO acts as a neutral market facilitator, to coordinate, optimize and 

dispatch DERs on behalf of customers, local markets, and the distribution grid. Additionally, a DSO under 

this model coordinates the dispatch of DERs into IESO Administered Markets (IAMs), while DERs and DER 

Aggregators (DER(A)) will retain their ability to be fully independent in their commercial and contracting 

capabilities with the IESO or otherwise. 

Dual Participation: A model where the DSO coordinates and dispatches DERs for the benefit of both 

customers and the distribution grid, while the IESO separately coordinates and dispatches DERs on behalf 

of customers, and to deliver transmission and bulk supply benefits. It relies on extensive communication 

between DSOs, Transmission System Operators (TSOs), the IAM operator, third-party DER owners, and 

(DER(A). 
 
 
 
 
 
 
 
 
 
 

* There is a spectrum of possible DSO models. The Total DSO and Dual-Participation models were chosen for this report as these two models are 

currently being actively explored by the IESO led Transmission-Distribution Coordination Working Group (TDWG). This working group has 
representation from the IESO, LDCs and DER participants. https://www.ieso.ca/en/Sector-Participants/Engagement- 

Initiatives/Engagements/Transmission-Distribution-Coordination-Working-Group 
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BACKGROUND 

I. Ontario Electricity Sector 

The Ontario electricity sector is characterized by the following elements: sector policy and major 

procurement decisions are made by the provincial government; the IESO leads the planning and 

management of the bulk electricity system; Ontario has a hybrid market whereby some procurement occurs 

through markets, and other procurements are secured through competitive processes or based on direction 

from government; some bulk system assets are rate-regulated by the OEB; and a distribution system made 

up of roughly 60 LDCs is overseen by the OEB. 

The electricity landscape in Ontario is changing in response to trends such as increased electrification, 

rapidly evolving consumer behaviour, and the adoption of DERs, all while a potential supply shortfall is 

expected by 20262. The increased adoption of DERs leads to greater complexity in planning and 

dispatching resources, leveraging alternative supply such as demand response, delivering conservation and 

continuing to achieve greenhouse gas (GHG) emissions reduction objectives. 

As the province pushes for more DERs to actively participate in the energy market and support solutions for 

the above challenges, including provision of non-wires alternatives (NWAs) to distribution networks, LDCs 

would be required to possess increasing DSO capabilities. As a result, Ontario’s LDCs and other energy 

companies are expected to respond and adapt to these changes. Some LDCs are considering adopting 

new responsibilities related to planning, connections, facilitation and coordination of DERs to offer 

customers enhanced value and for the benefit of ratepayers. 

At the same time, the IESO faces challenges associated with the increasing proliferation of DERs, with 

limited visibility to these resources. This introduces variability and complexity in demand forecasting, bulk 

power system planning, along with wholesale market and system operations. 

Within the Ontario electricity sector and market, several opportunities are beginning to emerge to better 

support DER adoption and integration. Successful implementation of these opportunities is expected to 

improve grid flexibility and resilience and reduce associated total system costs. To capitalize on these 

opportunities, Ontario may consider adapting the capabilities and capacity of its electricity system to 

enable LDCs to better support the volume of bi-directional flow and manage the increased adoption of 

DERs through the implementation of a DSO model. 

II. Ontario Stakeholder Activity 

Key institutions and organizations in the Ontario electricity market, such as the Ministry of Energy (MOE), 

OEB, IESO and OEA, and a variety of industry associations are investing in research to understand 

Ontario’s options to support and advance the energy transition. An early initiative was the IESO-led 

Energy Transition Network of Ontario (ETNO) study, which engaged participants from all stakeholder 

sectors, including LDCs, third-party developers, the OEB, and the MOE. The study concluded that a DSO 

distribution structure is needed to address the high DER environment of the future3. This has led to 

discussions on how Ontario can begin to transition toward a DSO-enabled model. 

Following the ETNO, the Electrification and Energy Transition Panel (EETP) was formed as a short-term 

advisory body to counsel the MOE on high value, short-, medium-, and long-term opportunities in the 

energy sector4. The MOE has commissioned the EETP to develop an independent, cost-effective energy 

pathways study, expected to be released in early 2024, to understand how Ontario’s energy sector can 

support the energy transition and increased electrification5. 

During this period of strategic change, the OEA has been collaborating with a member based LDC 

Working Group, comprised of Ontario’s five largest LDCs, to assess the effectiveness of various 

approaches to DSOs for Ontario. 

The OEA and the LDC Working Group have aligned on common definitions for various DSO models and 

have expanded their understanding of these models, particularly with respect to the required roles, 
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responsibilities, benefits, challenges, and economic considerations which includes the costs to implement and 

the anticipated benefits of delivery. The findings in this report are meant to be shared with key 

stakeholders of the Ontario electricity market to demonstrate the OEA’s perspective on various DSO- 

enabled models. 
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PURPOSE OF THIS REPORT 

The purpose of this report is to identify and thoughtfully outline the optimal means of enabling the 

adoption of DERs in Ontario in a way that maximizes system, utility, and customer benefits. This report 

considers how to implement and deliver flexible, secure, and reliable solutions at the grid edge for 

participating DERs. 

This report outlines the likely benefits of LDCs evolving to further incorporate DSO functionalities, as well 

as the enhanced benefits of those DSOs providing a single point of dispatch for DERs to access distribution, 

transmission and bulk supply layers of the electricity system. DERs can offer system-wide value stacking 

through a Total DSO model. The report also explores the definitional and criteria-based differences 

between the Total DSO and the Dual Participation model and assesses the enhanced benefit of a Total 

DSO model as a potential evolution for LDCs. 

The study articulates the high-level requirements to implement a Total DSO model or Dual Participation 

model in Ontario. Specifically, it considers tangible asset and technology requirements, as well as human 

capital requirements, the functional roles that are required for each model, and the responsibilities and 

capabilities that are necessary for each of those roles. The analysis also considers value creation elements 

such as potential cost-saving benefits, cost-recovery opportunities, and the avoided challenges associated 

with operating in a business as usual (BAU) scenario. 

This report does not define a roadmap or implementation plan for the establishment of any DSO 

functionality or DSO-enabled model in Ontario. It does not consider how the regulatory framework would 

need to be reshaped to meet the requirements of the Total DSO model or the Dual Participation model. 

While this report does include elements of DSO cost/benefit analysis, the analysis conducted provides 

directional insights, and highlights the magnitude of the costs and benefits of each DSO model. The 

analysis does not articulate the remuneration model needed to support each DSO-enabled model, nor 

define the policy context. The costs and benefits assessed are comprehensive, but not exhaustive, and 

selected based on data availability and currently understood value streams based on industry experience 

and research of jurisdictions with actively emerging DSO constructs. 
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DSO SCAN, OVERVIEW AND BREIFING 

I. DSO Definition and Parameters 

The term ‘DSO’ has multiple denotations in the power and utilities industry globally. Descriptions can vary 

from a single governing and orchestrating entity to a framework of roles and responsibilities that may be 

filled by multiple electricity market participants, together delivering tenets of DSO functionality. The form 

and functionality of DSOs can vary significantly from highly centralized, transmission-orientated, wholesale 

models, to highly decentralized models (otherwise referred to as peer-to-peer models). 

The definition of "DSO" in this study was developed in consultation with the LDC Working Group, and 

considers other definitions found in research of other jurisdictions. It is as follows: 

“A real-time system operator for an active distribution network which empowers customers 

and yields consumer-side and system benefits by coordinating and dispatching distributed 

energy resources at a local level. It also acts as a neutral facilitator to open markets at the 

bulk and local system level, to support the optimization of the bulk and local distribution 

systems.” 

II. DSO Roles and Responsibilities 

The DSO would animate IESO and local grid services concurrently (or co-optimized) to all participants and 

would articulate any potential technical limits for any participants before bidding. The DSO would not be 

acting as an aggregator or market participant, it would only facilitate the participation of DERs within a 

local distribution area (LDA). The DSO would be responsible for coordinating the dispatch of all assets in 

LDA, as well as measurement, verification, and settlement. 

As a neutral market facilitator, the DSO would provide efficient and transparent operation of the 

electricity market by providing equal and non-discriminatory access to the network and balancing services 

for all market participants, regardless of their size or market power. This means that the DSO should not 

give preferential treatment to any market participant and should not discriminate against any participant 

based on their technology, ownership, or geographic location. In addition, the DSO would provide 

transparent information about the network and balancing services, including prices, availability, and 

technical characteristics. This information should be publicly available and accessible to all market 

participants. 

The DSO can enhance support and management of the anticipated increase in bi-directional flow on the 

electricity grid throughout distribution networks. This helps to increase grid resilience and offers grid 

flexibility, but also requires additional capabilities. Specifically, it requires distribution network 

transformers to perform both step-up and step-down functions, considerable planning and stakeholder 

management, and local market participant collaboration. 

Building upon grid modernization investments that will be necessary to accommodate DERs, DSOs improve 

flexibility and further support ‘prosumer’ participation in the marketplace. Additionally, DSO functionality 

supports DER owners in accessing value-stacking opportunities at the bulk level through the DSO, or 

directly with the IESO. DSO functionality also necessitates coordination schemes to address new two-way 

bulk energy and information flow changes while meeting regulatory and customer expectations for service 

and reliability. 

DSO-as-a-Service: Some LDCs may not be able to assume certain DSO capabilities and functions. In this 

case, these capabilities can be provided by other DSOs on a service basis. A DSO-as-a-service model 

could entail the creation of a digitally enabled control room, which could provide all the participating 

LDCs with enterprise-level capabilities to facilitate energy transition services for a fraction of the cost. It is 

expected that several active LDCs will offer DSO as a service, as they will be best positioned to leverage 

their experience and knowledge of operation distribution systems to fully deliver on the value of a DSO. 
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III. Key Drivers for The Adoption of DSO Functionality within LDCs 

Today, LDCs in Ontario provide safe and reliable connections and electricity service to customers while 

ensuring network resiliency. LDCs manage the connection in areas with limited visibility and control 

capabilities and utilize non-market-based approaches that may not always be the most cost effective to 

manage grid congestion. LDCs have been facilitating the connection of customer owned DERs and DER-A 

(DER aggregator) offerings into their operations for many years6. There have been successful pilots to date 

that have trialed DSO models, layering in control, dispatch, and coordination with the IESO that grows the 

value-stack to be inclusive of bulk system benefits. Following the success of the pilot projects, Ontario must 

now find a way to operationalize and scale this experience7. 

The Ontario electricity sector is facing significant disruption, which is challenging the conventional way of 

doing business. The current grid architecture and operating model in Ontario has served customers well 

over the past several decades, but there is now an opportunity for it to respond to changes in the market, 

as energy transition enabling technologies continue to evolve and be adopted. These opportunities may 

help Ontario achieve a more sustainable and resilient grid in the most cost-effective manner. 

Adopting DSO functionality could further enable the LDCs to: 
1. Act as an unbiased intermediary, efficiently optimizing and actively overseeing the network, 

linking providers of flexibility services to the system with incentivized energy transactions, as well 
as ensuring a safe and consistent approach for DERs implementation/integration. 

2. Improve trust and transparency by utilizing precise and user-friendly data visualization, ensuring 
easy access to information for customer decision making. 

3. Ensure grid investment decisions are made by the most informed stakeholder, thereby supporting 
growth in demand, and enabling flexible solutions. 

4. Enable participating utilities to more actively manage the system to extract the most value out of 
available assets and manage costs more efficiently. 

5. Support “prosumers” by providing faster, more affordable connections, and ensuring a more 
customer-centric experience that encourages the development of flexible capabilities and 
customer participation. 

IV. DSO-enabled Model Overview and Comparison: Accessing Bulk System Benefits 

DSO services can be provided through various models. However, in Ontario, formal discussion has been 

undertaken on two distinct approaches to provide DSO services: the “Total DSO Model”; and an Ontario 

specific “Dual-Participation DSO Model”. The following sections outline and compare these two 

approaches. † 

A. Total DSO Model 

In the Total DSO model (TDSO), the DSO (likely LDCs) takes responsibility for facilitating and optimizing 

the benefits that DERs can offer across the distribution, transmission, and supply (i.e., bulk) layers of the 

system. The TDSO would act as a single point of contact for customer “dispatch” of DERs into local markets, 

as well as wholesale markets, and for providing greater visibility to the DER(A)s (see Figure 1). LDCs 

operating as Total DSOs are responsible for managing the distribution network, coordinating DER services 

and operations, optimizing system performance, and facilitating market participation as market 

mechanisms evolve and grow to accommodate the full system value that DERs can provide. Under the total 

DSO model envisioned here, DERs and (DER(A)s will retain their ability to be fully independent in their 

commercial and contracting capabilities with the IESO or otherwise. 

Under the Total DSO Model, the DSO acts as market facilitators. As such, the LDC would optimize network 

configuration (as it has full visibility of distribution conditions and needs and has coordinated with IESO) 

before market opening and during the dispatch to ensure the maximum number of MWs and MVARs in the 

markets (TSO, LDC or other). 
 

 

† These two models were chosen because the IESO led Transmission-Distribution Coordination Working Group, with representatives of the IESO, 
LDCs and DER participants, has been discussing these two models as options for Ontario. 
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As the market matures and expands to third-party provider services, under the Total DSO model, it is easy 

to expand market access to third parties to request services (e.g. a retailor or aggregator requesting 

MWs to offset their market position). The ability to optimize across all markets under the Total DSO would 

facilitate not only the maximum participation of DERs but also the ease of expansion for future services 

and markets. This leads to a higher demand for services provided by DER(A)s and, as such, a higher 

penetration of DERs. This reflects the penetration rates of DER and DER services in various international 

jurisdictions. 

 

Figure 1: Total DSO dispatch interaction with other stakeholders 
 

 
Figure 1 provides an overview of the streamlined operational relationship within the Total DSO model. This 

approach allows for whole system optimization and value stacking. For interested DER participants, 

Appendix A outlines the operational, commercial and data flows associated with the TDSO model. 

Table 1 Total DSO model - roles and responsibilities 

Market Roles Responsibility and Function 

Independent System 

Operator (ISO) 

• Responsible for operating the bulk transmission system in real time, and/or 
administering the competitive wholesale power markets independently. 

• Interfaces with the Total DSO as a single resource at the transmission-distribution 

interface to support in regional planning, infrastructure expansion and reliability 

improvement. 

Total Distribution 
System operator 

• Responsible for coordinating and dispatching DERs within the distribution system that 
may be comprised of multiple service territories, as well as within and between all 
market roles, and leading competitive procurements to meet local distribution system 
needs. 

• Acts as a neutral facilitator of an open and accessible market to enable competitive 
access to all markets, reliability, sustainability, and affordability and optimize 

customer choice. 

Total Distribution 
System Operator as 
a Service 

• Utilities that are at scale to become Total DSOs can provide Total DSO services to 
other service territories within Ontario where the utility does not have the capacity for 
an increased role. 

Local Distribution 
Company (LDC) 

• Owns and operates an electric distribution grid in a defined service area. 

• Coordinates outages/de-rates within its operational boundaries. 

• Responsible for the operation of the distribution system. 
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B. Dual Participation Model 

This model requires the DSO and IESO to dispatch separately for local and provincial purposes 

respectively based their contracts respective contractual obligations to customers. The IESO, DSO, and LDC 

(if separate from the DSO) work together to resolve system issues. This model involves complex 

communication and coordination between the transmission and distribution system operators, as well as 

third-party DER aggregators. 

Figure 2: Dual Participation DSO dispatch interaction with other stakeholders 

 

 

Under the Dual Participation model, IESO-DSO coordination is more limited to override functions. Each 

system is coordinated independently prior to going to market. This results in less system optimization as the 

LDC is informed after TSO-DER interaction and thus limited to “override” functions. Furthermore, the IESO 

has no visibility in the operations or LDC networks. Under the Dual participation model, since each system is 

coordinated independently before going to market, there is no clear path for potential third parties to 

request services from DERs that would increase the potential revenue for DERs and other market 

participants). 

• LDCs have the opportunity to act as the Total DSO, provide Total DSO services to 

other LDCs, or utilize DSO as-a-service. 

Distributed Energy 
Resources 
Aggregator DER(A) 

• Responsible for developing/owning/operating/aggregating DERs and/or demand 
response programming for customers. 

• Responsible for making economic service delivery choices based on price and market 
signals. 

• Organization that achieves environmental and social objectives for customers within a 
defined geographic area, or through bi-lateral contracts. 

Ontario Energy 
Board (OEB) 

• Responsible for maintining a robust regulatory framework to govern DSOs and 
market participants to ensure fairness, transparency and neutrality to instill 
confidence in local markets. 
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Table 2: Dual participation model - roles and responsibilities 

Market Roles Responsibility and Function 

Independent System 
Operator (ISO) 

• Responsible for operating the bulk transmission system in real-time, and/or the 
competitive wholesale power market independently. 

• Interfaces with the DSO to deliver regional planning, infrastructure expansion and 
reliability improvement at the wholesale and distribution level. 

• Directly dispatches and schedules DERs at the distribution level for the wholesale 

market and bulk system services, and interfaces with the DSO to operate the 

transmission system. 

Distribution System 
Operator (DSO) 

• Responsible for coordinating and dispatching DERs within the distribution system that 
may be comprised of multiple service territories, as well as between all market roles, 
including DERs for the distribution system. 

• Plans and manages the DERs within its distribution network while coordinating with the 

IESO, and DER providers to ensure reliable and efficient operation. 

Local Distribution 

Company (LDC) 

• Owns and operates an electric distribution grid in a defined service area. 

• Coordinates outages/de-rates within its operational boundaries. 

• Responsible for the operation of the distribution system. 

• LDCs have the opportunity to assume DSO functions and/or provide DSO services to 
other LDCs at the distribution level. 

Distributed Energy 
Resources 
Aggregator DER(A) 

• Responsible for developing, owning, operating, and/or aggregating DERs and/or 
demand response programming for customers. 

• Organization that achieves environmental and social objectives for customers within a 
defined geographic area, or through bi-lateral contracts. 

• Responsible for communication between DSO and IESO as it relates to wholesale and 
local services. 

• Each network system is coordinated independently prior to going to market. 

Ontario Energy 
Board (OEB) 

• Responsible for maintining a robust regulatory framework to govern DSOs and 
market participants to ensure fairness, transparency and neutrality to instill 
confidence in local markets. 

 

C. Comparing the DSO-enabled Models 

The two DSO models share a similar set of benefits and shortcomings. While both models have been 

assessed to bring considerable potential benefits relative to the current state, there are distinct differences 

in benefits and shortcomings of each model, particularly in relation to each other. The following tables 

demonstrate and compare the benefits and shortcomings of both models using a common set of criteria. 

The colour-coded system indicates the extent to which the criterion is expected to be beneficial, somewhat 

beneficial, or challenging (green, yellow, and red, respectively). The criteria are then discussed in the 

context of Ontario in the ‘comparison’ column. 

Table 3: Legend for colour-coding used in Table 4 

Legend 

Beneficial Somewhat beneficial Challenging 

 
Table 4: Qualitative DSO-enabled model comparison 

Benefit/Shortcoming Comparison 

DER penetration 

TDSO 

DP 

Total DSO model 

• As ISO-DSO are optimizing the system and local needs prior to going to market, 
the ability to accommodate more DERs may not require additional computational 
requirements due to the whole system view being undertaken during the premarket 
assessment. 

Dual Participation model 

• ISO-DSO coordination may be limited as the LDC, and DSO are limited to override 
functions. 
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Customer 

interests/demand 

 
TDSO 

 

 
DP 

Total DSO model 

• The Total DSO model builds on the historic, familiar, trusted role of the LDC as most 
customers’ sole or primary point of contact in interacting with Ontario’s electricity 
system. 

• Creates an environment that is responsive with locally specific solutions, and 
provides innovative, localized customer value propositions. 

Dual Participation model 

• Under the Dual Participation model, a better product is a result of allowing 
competition in certain areas of the electricity market. 

• Although the Dual Participation model does cater to customer interests and 
demands more than the current state, it may not create as lucrative of an 
environment as the Total DSO model. 

Optimal operation of 

the distribution grid 

 
TDSO 

 

 
DP 

Total DSO model 

• Since the LDC is the market facilitator for assets on its network, it would be able to 
optimally operate the network and facilitate the maximum number of Megawatts 

(MWs) and Megavolt amps (MVAs) 

• LDCs are best suited to optimize the integration of DERs wholesale market as they 
are the only entities with technical visibility of the system. 

Dual Participation model 

• Sub-optimal operation as the LDC is informed after the TSO-DER interaction and 
may be limited to override functions. 

• The ISO has no visibility in the operations of LDC networks. 

Improved price signals 

TDSO 

 
DP 

Total DSO model 

• In es expected most LDCs will become DSOs, which will allow them to effectively 
determine the value of resources to be obtained, relative to the prices in the 
wholesale electricity market. 

Dual Participation model 

• In some cases, LDCs will be DSOs, which will allow them to effectively determine the 
value of resources to be obtained, relative to the prices in the wholesale electricity 
market. As the ISO will retain control over price signals, these benefits may be less 
than those of the Total DSO model.‡ 

Improved resource 
investment decisions 

 
TDSO 

 

 
DP 

Total DSO model 

• In the circumstances where LDCs are DSOs, LDCs will have better visibility into 
market demands which will allow them to effectively make resource investment 
decisions. 

Dual Participation model 

• Like the Total DSO model, LDCs that are DSOs will have better visibility into market 
demands which will allow them to effectively make resource investment decisions. 
Some distribution constraints will remain in planning, however, limiting the benefits 
seen in this model. 

Affordability 

TDSO 

 
DP 

Total DSO model 

• By optimizing the utilization of capacity in the system, the Total DSO model will 
support the lowest overall total system cost by reducing the need for certain 

investments. 

Dual Participation model 

• Each system is coordinated independently before going to market 

• If LDCs are procuring local services from DERs and that coincides with an IESO 
need, the ISO proposes an approach where the LDC subsidize ISO need due to the 
coincidence. 

• Under this model, the LDC would be required to undertake a significantly larger 
number of assessments which will require significant investments. 
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Table 3 : Summary of qualitative differences between total DSO and dual participation 

 

 

 

 

 

 

 

 

 

‡ Each system is coordinated independently before going to market (sequential procurement: LDC then IESO). If LDCs are procuring local 
services from DERs and that coincides with an IESO need, the IESO proposes an approach where the LDCs subsidize IESO need due to the 
coincidence. 

Clear accountability 
/simplicity 

TDSO 

 
DP 

Total DSO model 

• Responsibilities of the DSO align with the asset ownership boundary, leading to 
reduced resource contention, and ambiguity of control. 

• This model avoids the need for duplicative communications, coordination, and 
investment relative to the Dual Participation model. 

• There would be one system point of integration between all market participants. 

Dual Participation model 

• Challenges may exist when trying to drive effective coordination and collaboration 
among DSOs, service providers, and regulatory authorities. 

• The Dual Participation model may often require duplicative communications, 
coordination, and investment relative to the Total DSO model as there are more 
entities accountable for coordinating and dispatching resources across the bulk and 
local networks. 

• Requires point to point independent integration between each entity and/or their 
systems. 

Regulatory 
changes/influence 

TDSO 

DP 

Total DSO model 

• Establishing an effective regulatory and governance framework will be complex 
yet crucial. 

Dual Participation model 

• Is complex in structure as it creates a complex delineation of roles and 
responsibilities. 

Market fairness and 
transparency 

 
TDSO 

 

 
DP 

Total DSO model 

• May potentially lead to perceived concerns of fairness and equitable access to 
markets if the LDC affiliate owns a DER resource(s). 

• In the circumstance where the LDC provides DSO as a service to other LDCs, the 
non-DSO LDCs may experience some challenges such as increased need for 
communication. 

Dual Participation model 

• Allows for flexibility in assigning roles and responsibilities to different entities 

based on strengths and expertise. 

Expansion of market 
to a third Party 

 
TDSO 

DP 

Total DSO model 

• As the DSO acts as a market facilitator, it is easy to expand market access to third 
parties to request services (e.g., a retailor or aggregator requesting MWs to offset 
their market position). 

Dual Participation model 

• Since each system is coordinated independently prior to going to market, there is 
no clear path for potential to third parties to request services from DERs (increasing 
the potential revenue for DERs and other market participants). 

Benefit/Shortcoming Total DSO Dual 
Participation 

DER penetration   

Customer interests/demand   

Optimal operation of the distribution grid   

Improved price signals   

Improved resource/investment decisions   

Affordability   

Clear accountability/simplicity   

Regulatory changes/influence   

Market fairness & transparency   

Expansion of the market to a third Party   
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D. LSE Framework 

While this paper discusses the necessary evolution of LDCs with a focus on DSOs, it should be kept in mind 

that there are other potential advancements that could allow LDCs to further contribute to customers’ 

needs. One example is the potential of some LDCs to further evolve to become Load Serving Entities 

(LSEs). In most jurisdictions in North America that have wholesale markets, the electrical utility is an LSE. 

Ontario is unique in a few respects amongst wholesale markets: the electric utilities are not LSEs; there is 

only one LSE; and the system operator is the LSE. 

In the Ontario context, an LSE framework would involve local entities assuming some or all of the 

responsibility of procuring supply to meet the demand needs of a utility service area (in whole or in part) 

from the IESO. LDCs would be enabled to procure and provide electricity to end-use consumers, ensuring 

an adequate energy supply and reliable transmission service to its customers as a legal accountability. The 

OEA issued a discussion paper in 2018 that examined in detail what would be involved in having LDCs 

evolve to become LSEs in Ontario.8 Under Ontario’s historic procurement structure, customers typically 

bear all the risks associated with procurement decisions. An LSE model has the potential to balance risks 

between customers and power producers, while providing a much more robust set of market options to 

power producers. 

The LSE is an incremental function of LDCs. LSEs play a key role in ensuring a reliable supply of electricity 

and promoting innovation and efficiency in the energy sector – a joint role that could be assumed by the 

LDC as DSO or Total DSO. 

Adopting an LSE framework also creates a robust set of accountabilities that would align with the 

responsibilities and roles of a DSO to ensure an optimized set of electricity products and services are 

procured, managed, and delivered to customers within a defined service territory. As such, the LSE 

framework enables pricing and service competition in the market, offering customers greater choice of 

electricity providers and generators. 

LDCs that pursue the added responsibility of becoming an LSE would need to adapt their organizational 

structure to meet the new responsibilities related to regulatory, planning, procurement, and associated risk 

management. In Ontario, those LDCs that develop the capabilities to become DSOs will have added a 

variety of capabilities that would make it easier to further evolve into an LSE. 

V. Jurisdictional Scan 

This jurisdictional scan provides insights from global markets that have already implemented different 

aspects of a DSO-enabled model. The purpose of the scan is to curate insights and to cross-reference the 

economic and quantitative findings of active DSO characterisations and identify any additional costs or 

benefits found to be associated with each model. The core objectives for this scan are to provide learnings 

related to: 

1. Common or Leading Practices: Understanding global common practices pertaining to the 
implementation of a DSO-enabled model, investment considerations, and cost-recovery 
mechanisms. 

2. Technological Capacity Needs: Identifying the different types of technology used in current and 
emerging approaches that are necessary to achieve fully operational DSOs. 

3. Regulatory Compliance: Scanning different regions that have varying regulations and 
requirements for energy distribution and grid management. A jurisdictional scan can be used to 
understand the necessary policies, incentives, and stakeholders that must be in place to best 
facilitate a DSO transformation.               
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The UK, Germany, and Australia were selected as jurisdictions to review and support the comparative 

analysis of the financial model as these jurisdictions have similar regulatory frameworks and energy 

policies to Ontario§, and are relatively mature in their adoption of DSOs. 

A. United Kingdom 

Overview 

The UK is recognized globally as a leader in energy sector innovation and regulatory reform, and 

currently has 14 operating DSOs. The UK has demonstrated substantial efforts in implementing smart grid 

technologies and fostering a competitive market structure for DSOs to unlock system value at the 

distribution utility level and provide valuable insights into how technological advancements can be 

integrated into distribution networks. 

Table 4: Summary of United Kingdom DSO-enabled model 

Quick Stats Revenue Model9 Key Utility Case Studies 

Model: Total DSO 

Number of DSOs: 1410 

Maturity of model: >4 years 

Number of customers: 28 million11 

Total load: 76.7 gigawatts (GW)12 

• Under RIIO-ED2, price cap has 
been set from April 1, 2023, 

to March 31, 2028. 

• Built upon the existing DNO 
Performance Based 
Regulation, revenues set 
based on Total Expenditures 
(TOTEX). 

• Added new DSO incentives to 
stimulate flexibility 
opportunities. 

• ROE is capped, any 
overperformance or 
underperformance there is a 
built-in Return Adjustment 
Mechanism (RAM). 

• National Grid (Western 
Power Distribution) 

• Scottish & Southern Electricity 
Network 

• UK Power Networks 

 
Summary of Selected Model 

There are multiple factors that encouraged the pursuit of a DSO-enabled model in the UK. For example, 

the UK has set goals to decarbonize its energy system by increasing the share of intermittent renewable 

energy sources at all system levels. To accommodate a shift away from reliable bulk system, fossil fuel- 

fired assets, a more decentralized and flexible electricity grid was needed to manage the intermittent and 

distributed nature of renewable generation. In April 2021, the UK government announced a world-leading 

climate change target (the sixth Carbon Budget) to reduce overall emissions by 78 percent by 2035 

compared to 1990 levels, on a pathway to net-zero GHG emissions by 205013. 

To support this target, the Office of Gas and Electricity Markets (Ofgem) developed and implemented 

initiatives that helped effectively guide the process. In 2019, Ofgem released its DSO position paper, 

highlighting the need for new market participants to develop and/or own flexible networks14. In July 

2021, Ofgem released the smart system flexibility plan with a focus on removing barriers to flexibility 

markets to enable net zero15. A series of consultations and market soundings led to the development and 

inclusion of DSO incentives to drive DNOs to develop and use their network, considering flexible 

alternatives to network security more efficiently16. 

As a result of the DSO consultations, DNOs were encouraged to provide their business plans to meet DSO 

service requirements, leading towards all 14 DNOs effectively developing transition plans to become 

DSOs17. 
 

 
§ EY recognizes that some differences exist between the regulatory frameworks and energy policies of Ontario and jurisdictions analyzed. 
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With the newly implemented model, the UK experienced higher penetration of renewable generation 

which resulted in reduced GHG emissions, bringing the UK closer to reaching its climate targets18. 

Implementing DSOs helped the UK establish a more decentralized and flexible grid, enhance grid 

management and stability capabilities through real-time monitoring and control, and optimize the 

distribution network19. 

Business Case and Estimated Benefits 

As mentioned, UK DNOs faced unprecedented change as the country was beginning to move away from a 

traditional one-way power system to a smart, flexible energy system. At the time there was over 30 GW 

of distributed energy generation, which was increasing rapidly20. DSOs can help defer or displace 

reinforcement for load-related or non-load-related issues. Flexibility also helps to manage load flows and 

optimize the investment in network capacity. 

The DSO incentivizes customers to shift their consumption or generation to maximize use of its existing 

electricity grid infrastructure and enhance grid flexibility. Depending on the jurisdiction, the role of the 

DSO is to make decisions independent from the DNO on the most cost-effective way to expand network 

capacity. 

UK Power Networks, a DNO covering southeast England, conducted a business case to support the 

implementation of DSO functionality. Its analysis shows that the DSO entity could deliver wider system 

savings of between £780 million and £2.6 billion (approximately $1.35 billion - $4.5 billion CAD) across 

its service region by 204021. The DSO has committed to saving customers £410 million ($700 million CAD) 

over the next five years by using DERs to deliver capacity on local networks at a lower cost than building 

new infrastructure22. 

Scottish and Southern Electricity Networks (SSEN) anticipate net annual savings ranging between £9.6-16.7 

billion (approximately $16.6 billion to $28.8 billion CAD) by 203023. The savings predominantly come 

from the UK avoiding development of 13 gas generation plants (capital expenditure and operational 

expenditure), reduced reliance on carbon-negative technologies, and reduced network reinforcement24. 

It is estimated that combined network savings for SSEN and UK Power Networks would range between 

$150 billion to $261 billion by 2030. Please note, that combined, these two DSOs serve a cumulative 12 

million customers of the 28 million electric customers in the UK. The identified savings for the entire UK 

could be even greater. 

B. Germany 

Overview 

Germany has a diverse policy mix which includes feed-in tariffs (FiT), net metering, and remuneration 

policies. Germany has placed significant emphasis on local energy generation and has an inherently more 

complex and dynamic grid structure, which requires a robust model for DSOs. Germany began unbundling 

its vertically integrated energy monopolies in 1998 during the process of liberalizing its energy market25. 

A Total DSO model was adopted to align to the German energy market liberalization goals of "creating 

free, competitive and effective markets”. 

Table 5: Summary of Germany DSO-enabled model 
 

Quick Stats Revenue Model26 Key Utility Case Studies 

Model: Total DSO 

Number of DSOs: 88327 

Maturity of model: >20 years 

Number of customers: over 

50 million28 

Total load: 218 GW of 
installed capacity (2020)29 

• To prevent network operators from setting 
excessively high network tariffs and earning 
monopoly rents, an annual revenue cap is 
assigned to each operator based on the 
previous year’s costs and efficiency. 

• Distributed generation assets are 
guaranteed a FiT for 20 years, a connection 

obligation, and preferred feed-in. 

• E.ON 

• Innogy 

• EnBW 
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Summary of Selected Model 

The German Renewable Energy Act (EEG) and the Combined Heat and Power Act (KWKG) (passed in 

2000 and 2002 respectively), led to a large increase in the number of small, independent power 

producers (e.g., wind turbines, solar panels, biomass systems, and/or small combined heat and power 

plants) 30. This increase in distributed producers necessitated the transition to a DSO structure to manage a 

more complex and dynamic grid. 

The DSOs’ core activity in Germany is to maintain and monitor the distribution grid. Consumption points are 

assigned to balancing groups, and invoice grid usage fees. Each DSO focuses on a nodal level to minimize 

the cost of electricity taken from the system and maximize the benefits from changing load profiles to 

reduce the necessary re-dispatch of generators. The revenue cap for each DSO is set after each five-year 

regulatory period, based on a formula which incorporates both total costs and cost efficiency. 

As of 2016, Germany’s installed PV capacity topped 40 GW, 98% of which could be considered 

“distributed”31. PV comprises nearly a quarter of the total installed generation capacity in Germany, and, 

on days of high production, PV can meet over a third of Germany’s momentary peak demand32. The mass 

deployment of PV (and other renewables) in Germany is largely attributable to the country’s FiT policy 

and corresponding DSO system. In 2012, FiT rates were reduced as PV technology costs decreased, and 

no longer required such high FiT rates to be economical, and a monthly schedule of remunerations 

reductions was implemented33. High levels of DER penetration at this time were also beginning to cause 

grid stability issues due to variable power generation causing voltage variations, frequency issues and 

grid overload 34. 

Business Case and Estimated Benefits 

The model was intended to help propel large amounts of investment into DERs primarily through the EEG. 

The EEG dictates the obligation of the grid operator to connect to the system through a remuneration 

structure with above market rates that are technology dependant, and a feed-in priority for the electricity 

produced. 

Researchers from the Institute for Advanced Sustainability Studies interviewed DSOs and determined that 

all the surveyed DSOs were able to implement the necessary measures for the integration of decentralized 

renewable energy35. A study conducted by the Institute of Energy Economics at the University of Cologne 

indicates an average cost reduction potential of approximately 12% in the short term and approximately 

18% in the long term due to increased DER penetration and DSO-related efficiency increases36. 

Another study conducted by Simon Pearson et al, found that DSO enabled load shifting and re-dispatch 

enabled savings in 2030 of 25.78 €/MWh37. The paper studied the impact of TSO-DSO coordination to 

better integrate DERs into the system and exploit their flexibility potential for a more efficient and 

sustainable re-dispatch process. As Germany produced 509 million MWh of power in 2022, using the 

25.78€/MWh figure, the savings could potentially amount to about €13B ($19B CAD). 
 

C. Australia 

Overview 

Australia has adopted a hybrid DSO model to support the specific demands of its region including the 

dispersed population and intermittent nature of distributed generation. Australia has one of the most 

mature hybrid models globally. This model was implemented to combine both centralized and 

decentralized approaches allowing for an adaptable and diverse energy landscape. 

By 2030, the market operator expects 50% of consumers to either have solar or controllable-load DERs 

installed38. Australia’s rich energy resources and growing adoption of renewables make it a relevant case 

study to understand DSO integration in a changing energy landscape. 
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Table 6: Summary of Australia DSO-enabled model 

Quick Stats Revenue Model39 Key Utility Case Studies 

Model: Hybrid model 

# Of DSOs: >10 

Maturity of model: 4 Years 

Number of customers: 16 million40 

Total load: 55 GW41 

• Cost recovery through 
regulated asset base. 

• Entitled to a fair rate of return 
determined by the regulator. 

• Receive operating expenses 

coverage. 

• Ausgrid 

• AusNet 

• Mondo 

 
Summary of Selected Model 

There were many considerations that drove Australia to adopt a DSO-enabled model. Australia was 

experiencing a rapid adoption of solar and storage technologies by customers which began to challenge 

Australian grid operations in 201742. Australia's geographic vastness and dispersed population have also 

led to a significant adoption of localized and decentralized energy generation. The intermittent nature of 

renewable energy sources was posing challenges to grid stability under the model that existed at the time. 

Australians had also increasingly shown interest in taking a more active role in managing their own energy 

consumption and generation. 

Starting in 2017, a series of studies and initiatives were conducted to investigate the best path forward to 

change the roles and responsibilities within the Australian grid structure. The Electricity Network 

Transformation Roadmap report was developed, anticipating a future where up to 45% of all electricity is 

generated by customers. The roadmap provided detailed goals, milestones, and actions to guide efficient 

and timely network transformation between 2017 and 202743. 

At the conclusion of its process, the Energy Network Australia decided to implement a Hybrid model, 

prioritizing real-time DER coordination and dispatch with DER providers44. 

Business Case and Estimated Benefits 

The continued uptake of DERs in Australia is changing the way that electricity markets behave and has 

caused technical challenges for the Australian Energy Markets Operator (AEMO) and the distribution 

network service providers. AEMO aimed to tackle challenges from increased DER use by making it easier 

for local energy sources to join markets and provide system value, allowing customers to benefit from 

connecting with network providers for DER services, and ensure smart investments in DERs to provide 

affordable energy for everyone. To tackle this challenge in 2019, AEMO launched a study to assess 

several DSO-enabled models. Through this analysis, AEMO identified its Hybrid model is expected to 

generate net benefits NPV between -$522M (low DER penetration) to $2.6 billion (high DER penetration) 

in a 20-year forecast period45. 

Table 7 : Normalized DSO benefits by jurisdiction 

 United Kingdom Germany Australia 

Model Total DSO Total DSO Hybrid DSO 

Estimated nominal benefits 
($CAD billion) 

$150 to $260 NA NA 

Estimated net benefits 
(NPV8% $CAD billion) [A] 

$10 to $18 

Forecast period - 10 years 

$182 

Forecast period - 20 
years 

-$522M to $2.6 

Forecast period - 

20 years 

Number of customers 
(millions) [B] 

12 (Only considering SSEN 
and UKP) 

> 50 16 

Normalized net benefit 
($/customer - annualized)** 

$847 to $1,475 $182 -$1.7 to $8 

 

** The net benefit is derived by establishing an NPV of assumed annual savings (denoted as [A] in Table 7) over a 10- or 20-year forecast period 
and normalizing by number of customers over a 10- to 20-year period to arrive at an annualized unit rate. Please note, this is an estimated 
based on available data to assess direction and magnitude of potential savings as indicated by each jurisdiction. 
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D. Summary of Jurisdictional Scan 

The jurisdictional scan indicates that DSOs generally follow one of four revenue models: price-caps, 

revenue-caps, cost-plus, and hybrid models. Each of these models are similar to those currently used for 

cost allocation and/or recovery by distribution companies. In each jurisdictional case study, the regulatory 

body selected its revenue model based on historical precedence (what DNOs were doing before) and/or 

implemented a new model to link costs with their causes or to encourage specific behaviours and actions. 

Revenue Requirement Model 

DSOs typically use one of four cost-recovery mechanisms46: 

1. Price-cap models: Are used to control and limit the prices that a DSO can charge for its 

services. Under this model, the regulatory authority sets a maximum price increase that a DSO is 

allowed to make over a certain period with the purpose to strike a balance between ensuring 

fair pricing for consumers and incentivising DSOs to become more efficient and control costs. A 

price-cap model is a performance-based regulation which means the regulatory mechanisms are 

designed to incentivize and assess the performance of the DSO. In the end, the revenue 

requirements are adjusted by an inflation factor minus an annual efficiency factor. 

o Examples: UK, Netherlands, Slovakia 

 

2. Revenue-cap models: The regulatory authority sets a maximum limit on the total amount of 

revenue that a DSO can earn over a specified period. DSOs are allowed to manage their prices 

if it does not exceed the defined revenue cap. The goal of a revenue-cap model is to balance 

the interest of both the service providers, and consumers, by incentivizing companies to provide 

quality services at reasonable prices, while preventing excessive profits and ensuring consumers 

are not overcharged. This model seems to be the most prevalent and is also growing in the 

United States. 

o Examples: Germany, Greece, Denmark 

 

3. Cost-plus models: Are a pricing strategy used where a DSO would calculate its direct and 

indirect costs and add a predetermined percentage or fixed amount as profit to determine the 

final price. Some countries include profit–sharing (PS) and quality-of-service (QS) mechanisms. PS 

acts as a cost-reduction mechanism, if the operator operates below budget, it will receive a 

percent of the difference. QS is a key performance indicator (KPI), where the operator is 

incentivized to meet specific parameters like System Average Interruption Duration Index (SAIDI) 

and System Average Interruption Frequency Index (SAIFI). 

o Examples: Belgium, Croatia, Estonia 

 
4. Hybrid models: Have been adopted by several European regulators that combine price-cap, 

revenue-cap, and/or cost-plus models. The blending of these models is used to provide different 

incentives for capital expenditures (CAPEX) or operating expenditures (OPEX), which are 

generally aligned to cost causation. 

o Examples: Italy, Portugal, Hungary 

Incentive Regulation47 

Several of the revenue models have QS and energy network loss incentives built into the regulatory 

framework. QS regulation guarantees a good level of continuity and quality of supply for the energy 

consumer, such as fewer and shorter interruptions. Regulations use SAIDI and SAIFI to penalize or reward 

DSOs. If DSOs consistently achieve low SAIDI and SAIFI values, this indicates fewer and shorter power 

outages, the DSO could be rewarded with financial incentives or regulatory benefits. Conversely, if the 

values are high, the DSO might face penalties or stricter regulatory oversight. 
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In terms of innovation incentives, regulators commonly incentivize pilot projects testing smart grids, 

regulatory sandboxes, and regulatory experiments for innovative technologies and regulatory pilots. 

Network Tariff48 

The tariff charged based on the cost recovery mechanism highlighted above – the tariff rate charge to the 

end consumers – can be a combination of a fixed charge, a capacity charge and a volumetric charge. The 

fixed charge is typically a lump sum in the form of a connection charge which is usually for metering or 

other administrative charges; the power- or capacity-based tariff is a billing scheme based on capacity or 

power charging; and volumetric or energy-based tariffs are based on energy consumption (in $/kilowatt 

hours (kWh). 

Based on the observations above, it is evident that cost recovery models in other jurisdictions are largely 

built upon existing regulations overseeing the LDC. In Ontario, it is possible to continue under the current 

discipline when it comes to cost recovery. It is largely the case when looking into jurisdictions’ that an 

overhaul of their existing process did not take place when transitioning to a DSO-enabled model. That 

does not mean that, in Ontario’s case however, some regulatory evolution would not be beneficial, or 

should not be considered. 
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ECONOMIC ASSESSMENT AND RESULTS 

I. Overview 

A. Critical Success Factors for Adopting DSO Functionality in Ontario 

In designing the assessment, it is important to consider that the foundations for the Total DSO model or 

Dual Participation model are rooted in grid modernization more broadly. Grid modernization investments 

will enable the implementation of a DSO-enabled model, bringing together a variety of benefits to 

Ontario, such as: 

1. Maintaining a safe, flexible, and reliable grid, 

2. Facilitating customers’ transition to a low carbon future at an optimized cost, 

3. Delivering the best value for customers through maximizing use of current assets, 

4. Promoting equitable, accessible, transparent, and fair markets for all stakeholders, 

5. Ensuring the long-term economic viability of the utilities, 

6. Unlocking and enabling economic efficiency of both localized and wholesale markets, and 

7. Ensuring regulation that functions as an enabler rather than a barrier. 
 

It is important for Ontario to consider that an accelerated grid modernization agenda may be 

fundamental to support the future adoption of a DSO-enabled model. 

B. Purpose of the Assessment 

The two DSO models were assessed to understand and quantify the costs, potential savings and benefits 

compared to a baseline of current state grid and markets organization in a higher DER penetration 

scenario. 

The economic analysis seeks to identify which model could offer more value to society. The economic model 

includes considerations such as DER penetration levels and changes in the customer value and system 

propositions. New DSO defined roles and responsibilities are considered and entail the likely need to shift 

the responsibilities of traditional actors (e.g., IESO, OEB), and/or building completely new competencies. 

The economic model does not consider the regulatory framework and market incentive requirements and 

assumes these are already in place. The analysis conducted is not reflective of potential policy or market 

changes, or unanticipated implementation challenges and barriers that could influence costs. 

The purpose of the analysis is to assess the potential cost/benefit ratio between the Total DSO model and 

Dual Participation model. To do this, the analysis focused on a low and high case to demonstrate the 

potential direction and magnitude of each cost and benefit stream assessed. The costs and benefits are 

comprehensive, but not considered to be exhaustive. They were selected for analysis based on data 

availability, and relevant and reasonably quantifiable costs and benefits. 

II. Assessment Methodology and Approach 

A. Methodology 

To develop a high-level business case assessment for the two DSO-enabled models considered, EY 

conducted primary analysis using both a top-down and a bottom-up assessment. High-level cost 

assumptions were derived in consultation with the LDC Working Group, discussions with subject matter 

experts, and also through secondary research. Findings were cross-referenced with the potential costs and 

benefits that were identified in the jurisdictional scan described above, which assessed the Total DSO and 

Dual Participation models across the UK, Germany, and Australia. 

The assessment was developed from a societal-benefits perspective to capture total impact across the 

sector. The societal benefit was determined by considering the total net benefit to be captured by evolving 

DSOs, compared to the current state of LDCs and DSO-like activities. The assessment outlines the impact of 

the models on each actor in the marketplace, based on the roles and functional assumptions of each model. 
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It is a high-level analysis that considers the NPV of costs incurred, or net benefit over a 20-year forecast 

period, relying on a discount rate of 8%. 

Table 8: Cost and benefit modelling overview 

Costs Benefits 

1. Incremental roles required to operate the DSO 
from that of a current market actor (e.g., 
increase in FTEs). 

2. New technology and system assets required to 
enable the new roles and responsibilities. 

3. New service costs to LDCs who procure DSO as 
a service. 

1. New roles will effectively reduce the roles of 
other actors (e.g., reduction in FTE 
requirements). 

2. DERs are assumed to be more cost 
effective/competitive to wholesale market, 
resulting in lower cost of energy. 

3. Deferring and avoiding infrastructure costs due 
to procurement of DERs. 

 
B. Key Inputs 

The economic model is built on the following inputs: forecasted peak demand, CAPEX required to meet 

demand, FTEs required to deploy new systems assets, DERs, managed DSO competencies, and technology 

implementations required to support DSO competencies. The model is also inclusive of DER/demand 

response penetration rates. 

The analysis is primarily supported by data from the IESO DER Potential Study and IESO Annual Planning 

Outlook. To understand peak demand forecasts, volumetric data from IESO’s BAU scenario was leveraged. 

This scenario assumes the current generation mix would be used to meet the forecasted demand. 

The model cost inputs were derived from a basket of technologies including commercial and residential PV, 

4hr & 8hr battery energy storage (BESS), and demand response. The levelized cost of electricity (LCOE), 

CAPEX and annual OPEX for the technologies were sourced from the National Renewable Energy 

Laboratory (NREL) Annual Technology Baseline (ATB) average between conservative and moderate cases. 

Where applicable, the technology cost data was inflated to $2023 with a seven percent inflator and 

converted to Canadian dollars with an exchange rate of $1.30. 

Demand response information and DER penetration rates were defined directly from the IESO DER 

Potential Study49. While both models assume a business-as-usual scenario outlined within the report, the 

analysis behind the Total DSO model assumes the ‘economic DER penetration’ scenario, while the analysis 

underpinning the Dual Participation model assumes the ‘achievable DER potential’ scenario. The Total DSO 

model is expected to drive greater DER adoption than the Dual Participation model. 

C. Limitation of the Approach 

Acknowledging DSO is still in its conceptual phase there are many technical and economical factors to be 

considered. The analysis of this report focused on a subset of potential costs and benefits that may occur if 

DSOs are deployed. The analysis conducted is high level and its purpose is to determine a quantum of 

potential costs to implement DSO capabilities and potential resulting benefits. 

Below are several limitations of the analysis: 

DER penetration analysis utilizes the IESO DER potential study. For a comparability standpoint, the 

analysis assumes the TDSO model utilizes the economic DER penetration scenario, and the Dual 

Participation model leveraged the achievable DER potential scenario. No other DER forecasts were 

considered for the analysis. 

Cost data is based on publicly available information and/or prior studies completed by EY. The sources of 

data often ranged in date of publication, where applicable the data was escalated to $2023 utilizing 

Canada CPI and converted to Canadian dollars. In some instances where data sources with multiple values 

and data points, a simple average was used as inputs. 
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Analysis is based on incremental costs required to service incremental peak electricity demand as 

indicated by the IESO Annual Planning Outlook (APO)50. We did not consider any costs that may have 

been invested in the identified cost categories. 

Not all costs have been considered. The analysis focused on costs of deploying DSO based on identified 

capabilities of the DSO. The costs assumed are not exhaustive. 

Benefits were selected based on data availability for key inputs. The analysis considers avoided costs on 

the distribution systems and transmission system relative to deployment of DERs. 

Number of DSOs assumed in the analysis is 6. The number of DSOs was chosen as a simplifying 

assumption and does not represent an assessment or judgement as to how many DSOs would ultimately 

end up operating directly or providing DSO as-a-service in Ontario. The analysis does not assume 3rd 

party service providers becoming DSOs. 

D. Summary of Costs Considered 

DSO incremental labour cost the analysis assumes that each DSO will require incremental labour to 

develop, deploy, and manage the DSO capabilities. The analysis assumes a ramp up of employees and 

then eventually a reduction in employees once in sustainment. 

DSO Technology Costs assumed for the analysis is related to communication and control of DER. However, 

the selected technologies are not exhaustive. 

DER Communication cost relates to costs required to enable bi-directional flow and allow the DSO and 

IESO dispatch capabilities. The selected technologies are not exhaustive. 

DSO-as-a-service it is assumed that not all LDCs in Ontario will have the capacity or capability to invest 

and implement DSO. The analysis assumes 6 DSOs will provide DSO services and costs will be recovered 

under a cost-of-service model. 

E. Summary of Benefits 

Avoided distribution infrastructure. The analysis assessed the potential for avoided incremental 

distribution infrastructure investment. The cost assumptions were based on the system renewal and system 

service costs of the LDCs participating in the working group. Then the costs were adjusted based on 

consultation with the working group members. 

Avoided transmission infrastructure. The analysis assessed the potential for avoided incremental 

transmission infrastructure investment. The cost assumptions were based on the system service costs of the 

transmitter. 

Avoided wholesale electricity purchases. The analysis assumed wholesale electricity will be reduced or 

avoided due to the DER penetration. 

Avoided transmission line loss. Analysis assumes with the reduction of wholesale energy purchases, there 

will be a reduction in potential energy loss as its transmitted through the transmission system. 

Avoided development of bulk grid generation assets. Assumes with the deployment of DERs to meet 

incremental peak demand growth, there will be less requirement to develop bulk system generation assets 

for resource adequacy. 

Please refer to Appendix B for detailed assumptions of the costs and benefits. 

F. Total DSO and Dual Participation Cost Benefit Summary 

The modelling conducted is a high-level cost/benefit analysis. Table 11 reflects the NPV of costs incurred 

or net benefit over a 20-year forecast period, using a discount rate of eight percent. The purpose of the 

analysis is to demonstrate the potential direction and magnitude of the cost/benefit between the Total 
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DSO and Dual Participation models. The costs and benefits analyzed were selected based on available 

data, and relevant, quantifiable costs/benefits. 

The analysis indicates that the Total DSO model could offer more system benefits as compared to the Dual 

Participation model. The main assumption for the analysis was utilizing the IESO DER Potential Study 

“economic potential scenario” and the “achievable potential scenario”. The Total DSO model was modelled 

with the economic potential scenario which suggest approximately 7.5 GW of DER, whereas the Dual 

Participation model was modelled with the achievable potential scenario with 2.6 GW of DER. 

 
The NPV of costs are the incremental costs of DSOs. The benefits are NPV of avoided costs relating to 

distribution, transmission, and system wide electricity costs due to penetration of DER. 

Table 11: Summary of DSO costs and benefits NPV @ 8% for 20-year forecast 

 Total DSO model  Dual Participation model  

Low Case 
(NPV @8%)  

$ Bn   

High Case 
(NPV @8%)  

$ Bn   

Low Case 
(NPV @8%) 

$ Bn   

High Case 
(NPV @8%) 

$ Bn   
NPV @8% costs     

DSO FTE costs $(0.7) $(0.7) $(0.7) $(0.7) 

DSO technology costs (0.5) (0.9) (0.5) (0.8) 

DSO DER communication costs (0.1) (0.4) (0.5) (0.7) 

DSO as-a-service (0.3) (0.5) (0.4) (0.6) 

Total NPV of costs $(1.6) $(2.5) $(2.1) $(2.8) 

     

NPV @8% benefits     

Avoided distribution infrastructure  $2.3 $6.6 $0.8 $2.3 

Avoided transmission infrastructure 0.4 0.9 0.2 0.3 

Avoided bulk generation deployment 1.0 1.4 0.4 0.6 

Avoided wholesale energy price 2.6 4.5 1.0 1.6 

Avoided transmission line loss 0.5 1.0 0.3 0.6 

Total NPV of benefits $6.8 $14.4 $2.7 $5.4 

NPV net benefit (cost) $5.2 $11.9 $0.6 $2.6 

 
$/customer $/customer $/customer $/customer 

NPV net benefit (cost) per cust. – 20 yrs. $969 $2,217 $112 $484 

NPV net benefit (cost) per cust. – annual $48 $111 $6 $24 
 

The analysis focused on identifying relevant and quantifiable costs if Ontario proceeds with either DSO- 

enabled model. There are marginal differences in the cost identified. Total DSO had a cost range 

between NPV @ 8% $(1.6) Bn to $(2.5) Bn, compared to Dual Participation with a range of $(2.1Bn) to 

$(2.8Bn). This suggests a potential cost difference range of $(0.3) Bn to $(0.5) Bn. 
 
With the Total DSO model comes a significant difference in DER penetration of ~4.6 GW. Total DSO 

potential benefits range from $5.2Bn to $14.4Bn, which includes ~$0.9Bn to ~$1.9Bn related to avoided 

transmission infrastructure and line loss costs, and ~$2.3Bn to $6.6Bn in avoided distribution infrastructure 

costs. As compared to Dual Participation model, the benefits range from $2.7Bn to $5.4Bn and include up 

to ~$0.5Bn to ~$0.9Bn related to avoided transmission infrastructure and line loss costs and ~$0.8Bn to 

$2.3Bn in avoided distribution infrastructure costs. 

Table 12: Comparison between Total DSO and Dual Participation net benefit for low and high case @ NPV 8% 

 Low Case 
(NPV @8%) 

$ Bn 

High Case 
(NPV @8%) 

$ Bn 
Total DSO $5.2 $11.9 

Dual participation $0.6 $2.6 

Net benefit $4.6 $9.3 
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From this analysis, the Total DSO model demonstrates approximately $4.6Bn to $9.3Bn in incremental 
benefits as compared to the Dual Participation model. 

There are potential incremental system costs for the IESO, OEB and other stakeholders to manage the 
DERs, integration costs of DSO, incremental technology costs, etc., but this is outside of analysis performed 
due to data availability. 

The analysis indicates the expected range of cost savings is in alignment with the system cost benefits 
being forecasted or achieved by established operations of similar models in comparable jurisdictions (once 
normalized). 

The jurisdictions reviewed that are utilizing a Total DSO model (UK and Germany) have reported net 
annual benefits on a total customer basis of $182 to $1,475, while the hybrid DSO model of Australia 
indicates a net annual benefit per customer of -$1.7 to $8. Compared to analysis conducted to quantify 
the DSO's potential savings in Ontario, under a Total DSO model, the normalized annual net benefit range 
is $48 to $111 per customer. 

This suggests the analysis in the report is conservative relative to what established Total DSO jurisdictions 
like UK and Germany are realizing. The analysis for the annual net benefit of Dual Participation ranges 
between $6 to $24 per customer, which is high compared to Australian assessment, but comparatively of 
the same magnitude. 
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CONCLUSIONS AND CONSIDERATIONS 

The findings of this analysis indicate that evolving to offer DSO functions in Ontario can bring many 

positive benefits to electricity grids. Moreover, DSO functionality is often necessitated to manage the 

additional distribution network complexity associated with managing and dispatching DERs. 

The jurisdictions that were studied often developed a model for DSOs to better respond to increased DER 

adoption rates. It is acknowledged within jurisdictions that having a DSO supported further adoption of 

DERs. With the increased adoption of renewable DERs, these jurisdictions see progress toward their 

respective climate or GHG emission reduction targets. 

The principal finding of this report is that the Total DSO model is the most effective in supporting DER 

adoption and utilization. This report concludes that whether serving its own service area or another service 

area, an LDC operating as Total DSO is best positioned to take on the functionality and responsibility of a 

DSO. 

Specifically, the high-level findings from the analysis indicate: 

• DSOs could support higher DER adoption rates: In some global electricity markets, higher rates 
of DER adoption have necessitated utility and electricity system responses to reshape and redefine 
some roles of market participants. An emerging conceptual model is becoming clear in these 
markets: the DSO. This in turn supports and encourages the development and deployment of new 
DERs as the DSO orchestrates, manages, and maximizes the electricity system value of DERs. In 
Ontario, DSO capability may have the potential to deliver approximately $0.6 billion to $11.9 
billion of average system cost savings and benefits relative to status quo electricity system 
management and therefore creating substantive societal value. This will be realized and 
achievable under necessary regulatory changes. A DSO is an essential part of the future electricity 
system. 

 

• Total DSO model may lead to higher DER penetration than Dual Participation model: In 
reviewing the IESO’s DER Potential Study, the Dual Participation model appears to be closer to 
status quo system resources and operational capabilities. It is assumed that under a Dual 
Participation model, the ‘achievable’ potential benefits forecasted are the most likely outcome as 
they are determined from economically efficient outcomes by accounting for policy, market design, 
and regulatory and physical limitations. It is also assumed that under the criteria of a Total DSO 
model, a more competitive and market-based nature would allow for the ‘economic’ potential to 
be obtained. 

 

• DSOs can bring cost savings and additional societal benefits: This analysis demonstrates the 
potential for incremental societal benefits through avoided rate base system costs by 
implementation of a Total DSO model that focuses critical DSO responsibilities and functionality 
towards Ontario’s LDCs. The incremental system value of a Total DSO model could be as high as 
$8 billion annually. 
 

• DSOs that are more proximal to customers could be more effective: It is essential for any DSO 
to have robust visibility into local distribution grid and customer conditions to effectively 
orchestrate DER dispatch and value creation at the local level, as well as at the TSO interface. The 
LDCs are understood to be best positioned to plan, determine, and unlock total system value 
through the maximization of DER integration and operations at the localized level, using existing or 
essential assets to modernize systems for the emerging and future electricity grid architecture. The 
LDCs are also in the best position to enable the avoidance or deferral of distribution system 
capital assets, as well as the reduction of bulk system capacity needs. 
 

• DSOs of a considerable scale could be more effective: Scale is an important consideration. 
Given a Total DSO model, LDCs will need to assume new roles and responsibilities. At the same 
time, some LDCs that have less system and customer scale and less financial capability to invest in 
the appropriate assets may need to partner or leverage services of DSO providers. This is 
already a common practice for a variety of services provided by smaller LDCs in Ontario (e.g. 
billing & collection), so is not expected to be a barrier to DSO adoption across the province. This 
analysis demonstrates that if LDCs in the province deliver the Total DSO model, system benefits 
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can be delivered in alignment with the $5.2 billion to $11.9 billion dollar expectation, while 
accounting for inefficiencies due to the multiple communication points that may be required. 
 

Given these benefits, it is understandable that Ontario has begun the process of supporting its LDCs in 

developing DSO functionality. The foundation for any DSO at an LDC is grid modernization – a process 

that has gradually been underway in Ontario over many years. It is now important to accelerate 

investments in utility technology advancements to meet the demands of customers. Customers increasingly 

require and expect facilitation of and compensation for their two-way flows of electricity (i.e., prosumers) 

and other behind-the-meter DER activities, including demand response. 

As the report addresses above, some isolated DSO functionality is OEB-approved, funded, and operating 

in Ontario today, but relative to the need and opportunity, it can and should be vastly expanded. To 

facilitate a cost-effective roadmap for DSOs and the customer owned DERs they will incentivize and 

enable, Ontario could benefit from a clear plan to allow LDCs to evolve into DSOs that serve their own 

service areas or, at the request of other LDCs, those other service areas. Additionally, that plan should 

specify the Total DSO model, in which the LDC is a single entity that enables customers and aggregators to 

access customer-, distribution-, transmission-, and supply-level benefits. 

While it is beyond the scope of this report to conduct a full analysis of the recently released Powering 

Ontario’s Growth report, conceptually there is alignment between the objectives and proposals in that 

report, and in this report’s support for LDCs as Total DSOs. In both cases, the approaches to electrification 

and the energy transition take a customer-centric view, focused on cost-effectiveness and energy system 

performance. Both reports recognize that investments in technological advancements and heightened 

customer expectations should be factored into energy plans, models, and specific projects. Whereas the 

provincial report focused on bulk system initiatives, this report addresses the distribution system level 

opportunities that DERs offer, and suggests that through Total DSO, those resources can also address 

similar needs for additional electricity supply in Ontario. 
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APPENDICES 

 
APPENDIX A: TOTAL DSO PROCESS MAPPING 

Figure 1 in this report outlined the high-level operational relationships within the Total DSO model. This 

section provides an additional overview of the interactions between various participants. These are high-

level and conceptual, as there will be considerable work to be done with all participants to establish a 

complete design that works for Ontario’s specific circumstances. 

The proposed Total DSO model is predicated on the concept of the DSO being a neutral market 

facilitator. As a neutral market facilitator, the DSO would provide efficient and transparent operation of 

the electricity market by providing equal and non-discriminatory access to the network and balancing 

services for all market participants, regardless of their size or market power. This means that the DSO 

should not give preferential treatment to any market participant and should not discriminate against any 

participant based on their technology, ownership, or geographic location. In addition, the DSO would 

provide transparent information about the network and balancing services, including prices, availability, 

and technical characteristics. This information should be publicly available and accessible to all market 

participants. The DSO would animate IESO and local grid services concurrently (or co- optimized) to all 

participants and would articulate any potential technical limits for any participants before bidding. The 

DSO would not be acting as an aggregator or market participant, it would only facilitate the 

participation of DERs within an LDA. The DSO would be responsible for dispatching all assets in LDA, as 

well as measurement, verification, and settlement. 

The Shared Platform 

A core capability that ensures interoperability and enables streamlined engagements within the DSO 

framework is the shared platform. The shared platform is a digital platform that simplifies the 

facilitation and coordination between DSOs, TSOs, direct DERs and DER Aggregators through the 

creation of a singular point of integration, communication, data exchange, DER 

registration/management and market management. In addition, the shared platform is intended to 

simplify the participant-operator interface: commercial viability requires that each DSO adhere to a 

common set of rules, practices, and requirements for market all participants, thereby creating market 

uniformity. 
 

The shared platform has the potential to function as a comprehensive hub or a "single source of truth" for 

performance data. By offering a unified, precise, and authoritative data source, it can eliminate the 

necessity for disproportionate and excessively punitive audits, significantly enhancing the business case for 

DERs in Ontario. Consequently, this shared platform has the potential to foster a more inclusive and 

democratized data landscape, promoting equality among diverse stakeholder types. 

Additionally, the shared platform is poised to enhance the efficiency of grid service assessment by acting 

as the central clearinghouse for meter data collection, storage, measurement, and verification on behalf of 

DERs. Serving as a centralized data repository, it allows the Distribution System Operator (DSO) to take 

charge of data stewardship, assuming responsibility for measurement and verification on behalf of DERs. 

This, in turn, promises to streamline the settlement process substantially. 
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Appendix A Figure 1: DSO Shared Platform Concept 

 
 
 

 

The following figures map out processes from an operations, commercial and data transfer perspective. 

Appendix A Figure 2: TDSO Operational Interaction with Other Stakeholders 
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1) DER(A) indicates ability to provide services (provides technical and economic parameters of their bid) 

2) DSO received bids of all assets in its service territory and evaluates technically their ability to dispatch. DSO optimize 

network to facilitate the maximum participation 

3) DSO communicate any bid limitation to the Aggregators via the shared platform and the limits are available to all 

relevant market actors 

4) The bids are evaluated for the respective markets 

5) The selected bids communicated back to the DER(A) via the shared platform 

6) The DER(A) reviews the selected bids 

7) The DER(A) reviews the selected bids 

8) Real time dispatch for services 

9) Dispatch reviewed/evaluated by DSO all assets in its service territory and evaluates their ability to dispatch. DSO 

optimize network to facilitate the maximum participation 

10) DSO communicate any bid limitation via the shared platform and the limits are available to all relevant market actors 

11) DSO sends the dispatch signal to DER(A) 

 
Appendix A Figure 3: TDSO Commercial Interactions Amongst Sector Participants 

 

 

 
 
 

1) The market buyers place bids in the market (based on their needs) via the shared platform. All relevant market 

actors will have visibility (based on role base access control) 

2) Aggregator reviews the bids and places its offer to its selected bids 

3) All the bids are reviewed 

4) The selected offers are communicated back to the DER(A) 

5) DER(A) reviews all its selected bids 

6) DER(A) confirms its acceptance 
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Appendix A Figure 4: TDSO Data Flows/Interactions Amongst Sector Participants†† 
 

 

0) DER(A) registers their resources and is processed by the shared platform 

1) DSO provides metering and billing data 

2) The billing and metering data is reviewed by the DER(A) 

3) DER(A) approves the information or provides modification via Shared Platform. DER(A) provides additional support 

supporting its modification 

4) DSO reviews and approved/modified data provided to DER(A) via Shared Platform. DSO provides additional support 

data (meter data, telemetry, etc…) supporting its approval/modification 

5) DER(A) submits acceptance or appeal of the modified data (step 2-5 can be repeated until all parties approve the 

information) 

6) Market actors review the approved billing and metering data (alongside the support material) 

7) Market actors approve of the data or dispute information and provide their supporting documentation, which will be 

visible to the relevant parties via the shared platform 

8) DER(A) reviews the data or dispute information and supporting documentation 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

†† NB: The dispute mechanism is not addressed in the above flow and will be subject to sector discussions and alignment. 
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APPENDIX B: DETAILED ECONOMIC ASSUMPTIONS AND ANALYSIS 

The following is the detailed assumptions and methodology underpinning the cost/benefit analysis. 

DER Demand Assumptions 

The potential for DER penetration was established to assess the cost/benefit of DER deployment, 
leveraging the following assumptions and methodology. 

 
Data and Core Assumptions 
Data points were leveraged from the IESO 2022 APO & DER Potential Study, and the National 
Renewable Energy Laboratory (NREL) 2022 Annual Technology Baseline (ATB). 

 

The analysis assumes that the DSO will enable DER penetration, which will lead to a deferral of system 
infrastructure costs and reduced grid energy and ancillary service costs. 

 
Methodology 
The IESO DER Potential Study was leveraged for the volumetrics portion of the analysis. The economic and 
achievable scenarios in the IESO DER Potential Study were used as a baseline for DER penetration for the 
Total DSO and Dual Participation models respectively. The economic potential scenario was assumed under 
the Total DSO model, and the achievable scenario was assumed under the Dual Participation model. 

 

Economic Potential 
This represents a scenario where the DER potential and penetration is based on selecting the lowest cost 
options underpinned by cost effectiveness of the marginal unit and with optimal economic foresight. This 
scenario combines the economic potential of all cost-effective measures with considerations for interactions 
between the various measures. This scenario was assumed to align with the Total DSO model, as the core 
tenant of the economic potential is resultant from the incentivizing and encouraging of cost efficiencies of a 
competitive DER market in an economically optimized manner (i.e., absent artificial institutional, policy and 
regulatory barriers). 

 
Achievable Potential 
This represents the expected contributions of DERs towards Ontario’s system needs, considering real-world 
factors that influence the uptake of DERs such as customer economics, technology familiarity and other non- 
economically optimized factors, etc. This scenario was assumed to be representative of the Dual 
Participation model, as it is more closely aligned with the status quo. The achievable potential scenario 
considers bulk grid generation as continuing to be the most cost-effective option, which would mute the 
impact and proliferation of DERs, and system needs. This scenario considers real-world factors such as 
customer economics, technology familiarity, etc.‡‡ 

 

Key assumptions for the DERs forecast are summarized below. Please refer to the IESO DER Potential 
Study for further details on the methodology and approach. The volumetrics and demand response costs 
within this report were leveraged for this analysis. 

Appendix B Table 1: Summary of IESO DER potential study 

IESO 
Economic Potential 

2032 (MW) 

IESO 
Achievable Potential 

2032 (MW) 

Distributed generation nameplate 3,566 1,216 

Storage nameplate 617 430 

Demand response nameplate 12,920 5,727 

Demand response summer peak reduction 3,327 924 

Please note: the data used for the analysis was based on interpretation of the IESO DER Potential Study, which may lead to 
differences in the numbers.s 

 
 
 
 
 

‡‡ IESO DER Potential Study 
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The IESO DER potential study assumed commercial and residential solar PV, commercial and residential 
BESS, and a range of demand response activities as the DER measures. For the analysis, we utilize the 
values referenced in Appendix Table 1, and it was assumed that the DER deployment will occur from 2026 
to 2032. 

Determining DSO Incremental Labour Costs 

Data and Core Assumptions 
Incremental labour cost inputs and assumptions were formed considering the results of the jurisdictional scan 
and broad industry experience, as well as other specific case studies in the power and utilities sector. 

 
Two key assumptions were used to determine the potential labour costs: 

1. A ramp-up of the employees will occur to fully develop and deploy DSO functionality; and 
2. Once the optimal model is achieved and a ramp down of total headcount takes place, roles will 

either transfer to LDC counterparts or be eliminated altogether. 
 

Methodology 
Traditional LDCs were mirrored for similar functions and roles based on the adequate level of oversight, 
leadership, and support functions necessary to develop and deploy DSO functionality. For wage-costing 
information across different levels, data from Glassdoor and other salary information sites was leveraged. 

 

Not all LDCs will be able to attract the staff required, and some LDCs may have departments doing similar 
work so the assumptions made may be redundant or overlap. 

Appendix Table 2 states the number of roles required for any entity looking to become a DSO. The 

employee headcount values presented are peak values after the ramp up occurs to fully develop and 

deploy the DSO function. 

Appendix B Table 2 : Labour requirement by DSO-enabled model 

Role Responsibility Total DSO 
Labour 

Requirement 

Dual 
Participation 

Labour 
Requirement 

DSO program 
lead 

Executive level oversight to ensure DSO strategy 
implementation and management. 

 

1 
 

1 

DSO program 
sponsor 

Executive level sponsor to ensure organization strategy 
alignment (assuming DSO separate entity/subsidiary 
along with LDC). 

 
1 

 
1 

DSO capability 
deployment 

Cross functional team to provide support services to core 
DSO team in project execution and stakeholder 
alignment. Generally, acts as a project management 
office to ensure DSO capabilities are deployed. 

 

20 

 

20 

Business and 

technological 
architecture 

Define business ecosystem DSO enablement and 

develop the architecture for underpinning technologies 
including control room operational technology, field 
operational technology, telecommunications, and cyber 
security systems. 

 

 
12 

 

 
12 

Regulatory & 
DSO-TSO 
coordination 

Work with IESO and OEB and other stakeholders to 
develop regulatory framework and joint system 
operating model parameters to coordinate the 
distribution system and transmission system. 

 

10 

 

10 
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Power systems 
requirements 

Perform whole system planning and coordinate with 
IESO. Responsible for determining network congestion 
and DER needs. Ensuring physical distribution grid 
limitations are accounted for. 

 

8 

 

8 

Market design Define and develop flexibility program to facilitate 
local energy market. Define interconnection, 
procurement, and financial settlement process for the 
neutral market facilitation. 

  

 8 8 

Customer 
engagement 

Manage customer interactions and engagement to inform 
the design of flexibility programs and products and 
services to ensure positive customer experience. 

 
8 

 
8 

Operations 
systems 

Develops and implements process/technology to ensure 
operation control systems can actively manage 
distribution grid in real-time and near real-time. 

 
22 

 
22 

Physical grid 

mapping 
Manages power systems and ensures power flow across 

the distribution system. Performs field inspections, GIS 
database updates, and DMS power flow verifications to 
ensure the static data model for the system is fit for 
purpose for real time operations. 

  

 18 18 

Field 

operational 
technology 

Implement field operational technology to provide 

distribution grid network visibility/communication and 
control to ensure flexibility, reliability, and optimization. 

 
18 

 
18 

Data 
visualization 

Develop analytic digital dashboards for operational 
teams to identify congestion heat maps, DER penetration 
heat maps, and overall system operations to meet 
different strategic objectives. 

 

6 

 

6 

 

The Result 
The Total DSO model labour costs are estimated to range from $4-24 million over the first few years of 

operation as the DSOs increase labour to deploy the capabilities, and once in sustainment will have 29 

employees at an annual cost of $6 million. 

 
Appendix B Table 3 : Total DSO roles by phase 

 Total DSO 
- Peak 

Total DSO - 
Sustainment 

DSO program lead 1 1 

DSO program sponsor 1 0 

DSO capability deployment 20 10 

Business and technological architecture 10 3 

Regulatory & DSO-TSO coordination 12 3 

Power systems requirements 8 2 

Market design 8 2 

Customer engagement 8 1 

Operations systems 22 2 

Physical grid mapping 18 2 

Field operational technology 18 2 

Data visualization 6 1 

Total 132 29 
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The labour assessment for the Total DSO model in sustainment shows significant reductions across all 
functions. This is because the key functions will be carried by the DSO operating groups as the skills and 
knowledge will be transferred. It was also assumed there will be increased reliance on automation and 
digitalization which will reduce the need for specific roles. 

 

The Dual Participation model labour costs are also estimated to range from $4-24 million over the first 
few years of operation as the DSOs increase headcount to deploy the capabilities, and once in sustainment 
will have 34 employees at an annual cost of $7 million. The Dual Participation model is assumed to have 
higher labour costs due to increased complexity of coordinating with and between IESO and DERs. 

Appendix B Table 4 : Dual participation roles by phase 

 Dual Participation 
Peak 

Dual Participation 
Sustainment 

DSO program lead 1 1 

DSO program sponsor 1 0 

DSO capability deployment 20 10 

Business and technological architecture 10 3 

Regulatory & DSO-TSO coordination 12 8 

Power systems requirements 8 2 

Market design 8 2 

Customer engagement 8 1 

Operations systems 22 2 

Physical grid mapping 18 2 

Field operational technology 18 2 

Data visualization 6 1 

Total 132 34 

 
Similar to the Total DSO staffing model, it is expected that once the DSOs are in sustainment, there will be 
a reduction in roles as skills and knowledge are transferred and supported by increased automation and 
digitalization. A difference between the Total DSO and Dual Participation staffing model is that the Dual 
Participation model is expected to have increased regulatory & DSO-TSO coordination, along with a need 
for more employees, to support and coordinate the dispatch of the DERs. 

 

The analysis assumes there will be a total of six DSOs. This high-level assumption considers the ability of 
Ontario’s LDC to take on an incremental 132 employees and/roles during peak ramp-up to deploy the 
DSO capabilities, and the ability to bear the costs related to the incremental labour. The analysis to 
identify the number of DSOs was based on the incremental ramp up headcount being less than the 50% of 
the current utilities FTE. Cost is based on the FTE salary and wages being less than 50% of the total OPEX 
of the LDC. This results in the following NPV at 8% discount rate over a 20-year forecast period. 
 

Appendix B Table 5 : DSO incremental labour benefit (cost) 

 Total DSO model 
(NPV @8%) $ Bn 

Dual Participation model (NPV 
@8%) $ Bn 

DSO labour benefit (cost) 0.7 0.7 

 

Please note that although the analysis assumes six DSOs, this may not be the case in practice. There are 
numerous variables that will factor into the ultimate number of DSOs that were outside the scope of this 
analysis. 
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DSO Enabling Technology Cost 

Data and Core Assumptions 
Information and assumptions from global subject matter advisors, the OEA, and the LDC Working Group 
were leveraged when determining key technology costs along with developing assumptions. 

 

Two assumptions were made to estimate the enabling technology cost: 
1. To further support the existing grid modernization investments implemented, there will need to be 

deployment of communication, control and monitoring, and predictive analytics technology. 
2. LDCs will be investing in grid modernization regardless of DSO implementation or not. As such, the 

costs of grid modernization were not included in the analysis. 
 

Methodology 
Each DSO was assumed to make the same amount of investment as indicated in Appendix Table 6 below. 
The same amount of technology investment will be made every five years due to retirement of systems. 
Two percent of CAPEX values were considered as annual OPEX inputs. 

 

It is important to consider the lack of understanding around the current state of each LDC in relation to the 
identified technology. It is assumed all LDCs will need to make similar levels of investment to possess DSO 
capabilities, although the investments required may vary considerably by LDC. 

 
The Result 
Appendix Table 6 shows low and high estimates for the technology investment. The cumulative investment 
made every five years per DSO ranges from $30 million to $50 million, with annual operating costs 
ranging from $0.6 million to $1.0 million. 
 

Appendix B Table 6: DSO enabling technology cost 

Technology Cost – Low 
($Million(M)) 

Cost – High 
($Million) 

Cost Range Source 

Supervisory control and data 

acquisition (SCADA) 
5 10 

Subject matter advisors’ previous 
experience in other utilities 

Distributed energy resources 
management system (DERMS) 10 20 

Subject matter advisors’ previous 
experience in other utilities 

Market management system (MMS) 5 5 
Subject matter advisors’ previous 
experience in other utilities 

Advanced distribution management 
system (ADMS) 

10 15 
Subject matter advisors’ previous 

experience in other utilities 

Total $30 $50  

 
It is assumed that each DSO will deploy a market platform system to facilitate the market bid and trade 
system similar to the IESO. To establish a market platform costs a unit rate $/MW was derived from 
assessing several independent system operators’ financial statements for their market platform and related 
software costs. By using the summer peak of each independent system operator (IESO, PJM, ISONE, 
NYISO, CAISO) resulted in a cost range of $733/MW to $9,102/MW, averaging $4,431/MW for a unit 
rate. The analysis considers values for distributed generation nameplate capacity and storage nameplate 
capacity for cumulated deployed MW for the Total DSO model of 4,183MW, and for the Dual 
Participation model of 1,646MW, excluding demand response described in Appendix B Table 1, and unit 
rate low of $733/MW and $4,431/MW. 
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Appendix B Table 7: DSO-enabling technology cost – market platform and related software 

Technology Cost-Low Cost – High Cost Range Source 

Market platform and 
related software 

$733/MW $4,106/MW Assessed IESO51, PJM52, ISONE53, NYISO54, 
CAISO55 financial statements for relevant costs 
relating to market platform and software 

Results 

Dual participation 
DSO 

$1.2M per DSO $7.3M per DSO  

Total DSO $3.0M per DSO $18.5M per 
DSO 

 

 
The analysis derived an NPV with an illustrative discount rate of 8% for a forecast period from 2024 to 
2043 (20-year time frame), resulting in an NPV ranging for Total DSO $0.5 to $0.9 Bn and Dual 
Participation $0.5 to $0.8Bn. 

Appendix B Table 8: DSO-enabling technology benefit (cost) 

 Total DSO model 
(NPV @8%) $ Bn 

Dual Participation model 
(NPV @8%) $ Bn 

DSO technology costs $0.4 to $0.7 $0.4 to $0.7 

DSO technology annual maintenance $0.09 to $0.1 $0.09 to $0.1 

Market platform costs $0.01 to $0.08 >$0.01 to $0.03 

Market platform annual maintenance >$0.01 to $0.02 >$0.01 to >$0.01 

DSO Technology Costs -Total* $0.5 to $0.9 $0.5 to $0.8 

*Totals may not add up due to rounding 

 

DSO DER Communication Technology Cost 

Data and Core Assumptions 
The analysis assumes the DER assets will require communications devices to enable bi-directional flow and 
allow the DSO and IESO dispatch capabilities. 

 

For both the Total DSO model and the Dual Participation model, it was assumed an automated smart 
recloser will enable the communication capabilities of the DERs. Additionally, it was assumed a smart 
inverter will be used for industrial behind-the-meter (“BTM”) distributed solar generation and battery 
energy storage assets. Costing data for the automated smart recloser and smart inverters were identified 
from public sources. 

 
Methodology 
The analysis utilized a unit rate for automated smart reclosers and smart inverters for CAPEX estimates. 
The capital cost unit rate for automated smart recloser was applied to residential and commercial BTM 
distributed generation resources, whereas smart inverters were only applied to industrial BTM distributed 
generation resources. 

 
As for OPEX, a 2% of capital cost was assumed for the forecasted period. Specifically, for industrial BTM 
distributed generation resources, only 50% of the OPEX was included in the cost/benefit analysis: this 
assumed that industrial customers typically would own and operate the BTM distributed generation 
resources for energy security and control. 

Appendix B Table 9: Unit cost of communication technology 

 Unit cost ($ per unit) Average ($ per unit) 
Automated smart reclosure56 $35,000 to $398,000 $121,000 

Smart inverters $2.5/W to $3.6/W $3/W 

 
Result 
For the analysis, a cost range of $35,000 to $121,000 for smart reclosures and Smart Inverters a range 
of $2.5/W to $3/W was used from Appendix Table 9, resulting in a total cost range for the Total DSO 
model of $0.1Bn to $0.4Bn, and for the Dual Participation model of $0.5Bn to $0.7Bn. The Dual 
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Participation model has a higher cost, as the IESO achievable scenario had industrial BTM generation, 
whereas the IESO economic scenario did not. 

Appendix B Table 10: DSO incremental DER communication technology benefit (Cost) 

 Total DSO model 
(NPV @8%) $Bn 

Dual Participation model 
(NPV @8%) $Bn 

DER communication cost - CAPEX 0.08 to 0.3 0.4 to 0.6 

DER communication cost – OPEX 0.02 to 0.1 0.1 to 0.1 

DER communication cost – total* $0.1 to 0.4 $0.5 to $0.7 
*Totals may not add up due to rounding 

The net benefit Total DSO mode could potentially realize over Dual Participation ranges from $0.3Bn to 

$0.4Bn. Note in practice, the Dual Participation model may have higher communication costs as there is 
typically a duplication of communication devices to ensure IESO and the DSO have communication ability 
with the DER. Costs were not adjusted to reflect this factor. 

DSO-as-a-Service 

Data and Core Assumptions 
Noted above, the analysis assumes there will be six DSOs that will provide DSO services and capabilities 
to the remaining LDCs. 

 

Methodology 
The analysis assumes the costs of the Total DSO model will be allocated to all electric customers with a 
margin. The costs of the Total DSO model are comprised of the DSO technology costs, FTE costs, DER and 
communication costs. The margin was determined by assuming the DSO would be able to earn 8% return 
on equity on 40% of the total costs. A per customer unit rate was derived with the total electric customers 
in Ontario and allocated accordingly. 

Appendix B Table 11: Illustrative Revenue Requirement for DSO-as-a-service 

 
 
 

 
This is a high-level estimation of the potential cost recovery mechanism to provide DSO as a service. Under 
the Total DSO model, the DSO-as-a-service cost ranges from $43M to $61M annually, whereas the Dual 
Participation model ranges from $53M to $66M annually. The cost-recovery mechanism can be a range of 
solutions including fee for service, cost pass through, etc. In practice, the cost allocation will be determined 
based on the level of the need and or the missing DSO capability. 

 
Result 
The analysis assumes the six DSOs will provide DSO-as-a-service to the remaining 54 LDCs, as it is 
assumed to be more economical and/or some of the LDCs will not have the labour or financial means to 
acquire the identified DSO capabilities. The analysis indicates there is a marginal difference between the 
Total DSO model and the Dual Participation model. 

 

 

 Total DSO 
model 

Dual 
Participation 

model 
 Low High Low High 

Cumulative DSO costs ($Bn) (A) $2.3 $3.4 $2.9 $3.7 

Allowable margin (40% equity, 8% ROE1) ($Bn) (B) $0.1 $0.1 $0.1 $0.1 

Total DSO recoverable cost ($Bn) (C) = (A + B) $2.4  $3.5  $3.0  $3.8 

Total customers of the 6 DSOs (M) (D) 4.0 4.0 4.0 4.0 

Unit rate per customer (over 20 years)  (E) = (C / D) 
($/customer over 20 years) 

$625 $877 $751 $950 

Annual rate per customer ($/customer) (F) = (E/20yr.) $31 $44 $38 $47 

Total customers of remaining LDCs (M) (G)  1.4  1.4  1.4  1.4  

Annual revenue requirement ($M) (H) = (F x G) $43 $61 $53 $66 
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Appendix B Table 12 : DSO incremental DSO-as-a-service benefit (cost) 

 Total DSO model 
(NPV @8%) $Bn 

Dual Participation model 

(NPV @8%) $Bn 
DSO-as-a-service $0.3 to $0.5     $0.4 to $0.6 

 
Qualitatively, however, there will be incremental costs for the Dual Participation model as there will be 
duplication of some tasks between the DSO and IESO regarding dispatching the DER, managing, 
operating, and coordinating DERs from a planning and utilization perspective. These costs were not 
analyzed in this analysis due to data availability. 
 

Avoided Distribution System Cost 
Data and Core Assumptions 
Avoided distribution system cost data was leveraged from the most recent rate filings of large utilities in 
Ontario including Alectra, Elexicon, Hydro One, Hydro Ottawa, and Toronto Hydro, as well as information 
from the most recent IESO APO (2022). 

Two assumptions were used to model the economic costs and benefits of the two DSO-enabled models: 

1. The rate filing CAPEX for system renewal and system service was highly correlated to capital 
upgrades and refurbishments, and incremental distribution grid investments required to meet new 
peak demand, and 

2. By utilizing the identified CAPEX requirements, a unit rate per MW can be derived (i.e., $400M 
CAPEX/300 MW=$1.3M of CAPEX upgrades or replacement for every incremental 1MW of 
peak demand). 

 

The LDCs included as part of this analysis accounted for ~71 percent of the customer base of Ontario; 
therefore, the CAPEX values determined are grossed-up by 29 percent as an assumption. The compound 
annual growth rate (CAGR) of the five-year derived rate filing at the provincial level is representative of 
the investments required within the distribution grid going forward. 

Appendix B Table 13 : LDC projected CAPEX ($M) 

2020 2021 2022 2023 2024 2025 2026 2027 2028 CAGR 

Toronto 
Hydro 

System 
renewal 

306.6 325.7 323.1 339.0 325.5     1.2% 

System 
service 

34.2 60.1 71.3 33.6 38.5     2.4% 

Hydro 
One 

System 
renewal 

   373.1 410.3 494.2 491.5 497.8  N/A 

System 
service 

   196.5 169.7 229.6 192.0 205.9  N/A 

Alectra 

System 
renewal 

139.0 142.0 154.0 156.1 177.2     5.0% 

System 
service 

38.0 36.9 36.0 42.4 37.2     1.1% 

Elexicon 

System 
renewal 

   14.7 13.8 18.2 16.5 16.0 18.0 N/A 

System 
service 

   7.8 9.2 5.0 3.1 3.0 2.0 N/A 

Hydro 
Ottawa 

System 
renewal 
& service 

 72.2 72.3 64.5 64.6 64.4    -2.3% 
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Below Is the aggregated projected CAPEX: 

Appendix B Table 14: Aggregated projected CAPEX ($M)  
2024 2025 2026 2027 2028 CAGR 

System renewal 1,220 1,254 1,289 1,324 1,361 2.8% 

System service  289   297   305   314   323  2.8% 

Total  1,509   1,551   1,594   1,639   1,684   

*Inflated to 2023$ with CAGRs applied 

 

Methodology 
CAGRs were determined based on the information provided above to extrapolate the CAPEX spend over 
the next 20 years (2043). The CAPEX investment stated in the rate application was assumed to be the 
capital required to maintain the system. The information provided was used to derive an average unit 
rate. This rate was then leveraged to frame the potential distribution asset cost deferral and or/avoided 
cost due to the increased deployment of DERs. 

 
The analysis assumes zero to five percent of the forecasted system renewal costs and 25 to 50 percent of 
the system service costs will be avoided with the increase in DER penetration. This a high-level assumption 
to determine the average cost per MW aimed to provide directionality and magnitude. The annual CAPEX 
incurred by a utility is difficult to determine as it is non-linear and can be project-based. Additionally, a 
unit rate may not be representative of the true CAPEX value required to meet the peak demand of the 
system. 

 
The incremental peak demand increases were taken from the IESO APO. For the analysis IESO forecasted 
peak demand was reduced to account for industrial customers who are directly connected to the 
transmission grid. The peak demand was reduced by 17%57 based on 2022 Global adjustment allocation 
to Class A customers***. 

  
Result 

Appendix B Table 15 : Illustrative distribution infrastructure avoided cost $M/MW unit rate 

 2025 2026 2027 2028 … 2042 2043 

System renewal (5% of the total 
cost) 

$63 $64 $66 $68 … $100 $103 

System service 
(50% of the forecasted cost) 

$148 $153 $157 $161 … $239 $246 

Total $211 $217 $223 $230 … $339 $348 

Grossed up $272 $280 $288 $296 … $436 $449 

Incremental MW 480 356 83 99 … 190 174 

$M per MW $0.6 $0.8 $3.5 $3.0 … $2.3 $2.6 

For the illustrative example above, the findings from the analysis indicated the unit cost ranged from 
$0.6M to $3.5M, averaging $1.5 million dollars per MW over the forecast period. 

Appendix B Table 16: Summary of distribution infrastructure avoided cost $M/MW unit rate 

Scenario $M/MW 
System renewal @ 0% and system service @ 25% $0.5 

System renewal @ 5% and system service @ 50% $1.5 
 

Considering the potential range of avoided system renewal (zero to five percent) and system service cost 
(25 to 50 percent), the resulting unit rate of avoided distribution infrastructure costs ranges from $0.5 
M/MW to $1.5M/MW. 

 
 
 
 
 

 

*** Please note, global adjustment is allocated based on customer contribution to peak demand. The estimated value of 17% is conservative as it 
inclusive of the reduced peak demand through the Industrial Conservation Initiative. 
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By analyzing the incremental peak MW increase between 2023 to 2043, it is estimated to be a 
cumulative 5.6 GW over the forecasted period. Utilizing the unit rates from the above results in an NPV 
that ranges $0.8Bn to $6.6Bn. 

Appendix B Table 17 : Avoided distribution grid infrastructure benefit (cost) 

 Total DSO model 
(NPV @8%) $Bn 

Dual Participation model (NPV 
@8%) $Bn 

Avoided costs – distribution (Dx) 
infrastructure 

$2.3 to $6.6 $0.8 to $2.3 

The analysis indicates the Total DSO model has the potential incremental NPV of $1.5Bn to $4.3Bn in 
avoided distribution infrastructure costs as compared to the Dual Participation model. This is due to the 
Total DSO model potentially enabling higher penetration of DERs onto the system and alleviating the need 
to replace some system assets to build new system assets to accommodate incremental peak demand 
growth. 

 

Avoided Transmission Costs 

Data and Core Assumptions 
Incremental DERs may reduce local peak demand and local energy requirements, lowering the need to 
connect to bulk grid assets. To determine the potential system cost avoided, the analysis conducted was 
based on Hydro One 2022 Joint rate application system service capital forecast for transmission system 
plan. 

Appendix B Table 18 : Hydro One transmission plan system service capital forecast58 

 2023 2024 2025 2026 2027 Avg 
inflator 

System service $90.9 $101.6 $85.8 $93.1 $90.1 0.4% 

 
Methodology 
An average inflation rate was determined based on the average year-over-year change in capital 
requirement. The average inflation rate was used to extrapolate the CAPEX spend over the next 20 years 
(2043). The CAPEX investment stated in the rate application was assumed to be the capital required to 
grow the system. The information provided was used to derive an average unit rate. This rate was 
leveraged to frame the potential transmission asset cost deferral and/or avoided cost due to the 
increased deployment of DERs. 

 

The analysis assumes 25 to 50% percent of the system service costs will be avoided with the increase in 
DER penetration. System renewal costs were not included in the analysis, based on the assumption that the 
current transmission assets will still need to be maintained even with DER growth, as these assets may be 
dispatched to meet system needs. This is a high-level assumption to determine the average cost per MW 
aimed to provide directionality and magnitude. The annual CAPEX incurred by a utility is difficult to 
determine as it’s non-linear and largely project based. Additionally, a unit rate may not be representative 
of the true CAPEX value required to meet the peak demand of the system. 

 
Result 

Appendix B Table 19 : Illustrative transmission infrastructure avoided cost $M/MW unit rate | 50% system service cost 
 2025 2026 2027 2028 … 2042 2043 

System service 
(50% of forecasted cost) 

$45 $46 $46 $46 … $48 $49 

Incremental MW 480 356 83 99 … 190 174 

$M per MW $0.1 $0.1 $0.6 $0.5 … $0.3 $0.3 

 
The estimated $M/MW average unit cost for deferring and/or avoiding transmission costs ranges from 
$0.1M to $0.6M, averaging $0.2 million per MW. 
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Appendix B Table 20 : Summary of transmission infrastructure avoided cost $M/MW unit rate 

Scenario $M/MW 
System service @ 25% $0.1 

System service @ 50% $0.2 

Taking into account the potential range of avoided system service cost (25 to 50 percent), the resulting unit 
rate of avoided transmission infrastructure cost ranges from $0.1 M/MW to $0.2M/MW. 

The estimated avoided transmission cost savings from 2023 to 2043 (NPV at eight percent) ranges from 
$0.4Bn to $0.9Bn for the Total DSO model and $0.2Bn to $0.3Bn for the Dual Participation model. 
 

Appendix B Table 21 : Avoided transmission infrastructure benefit (cost) 

 Total DSO model 
(NPV @8%) $ Bn 

Dual Participation model (NPV 
@8%) $ Bn 

Avoided transmission infrastructure $0.4 to $0.9 $0.2 to $0.3 

 
Under the Total DSO model, there could be a potential of $0.2Bn to 0.6Bn incremental benefit compared 
to the Dual Participation model. 

 

Avoided Bulk Generation Deployment 

Data and Core Assumptions 
With the increase in DER penetration, there will be a reduced need for bulk system generation that 
otherwise would have been built to service the incremental peak load. The analysis considered three data 
points for capital cost: 

1. Bulk generation cost – sourced from NREL ATB 
2. DER technology cost – sourced from NREL ATB 
3. Demand response costs – sourced from IESO DER Potential Study 

 

The analysis references IESO Capacity Auction Reference Price and Maximum Auction Clearing Price 
Revision (January 2020) to understand the potential technologies identified for system planning, which 
includes natural gas combustion turbines (NGCT), natural gas combined cycle (NGCC) and long duration 
BESS. Please note, these technologies are selected to proxy costs of future generation technologies and 
are meant to be representative. 

 
Incremental capital cost assumptions, LCOE, and annual operations and maintenance (O&M) was 
leveraged from the NREL 2022 ATB along with an average of the moderate and conservative cost 
scenarios. The model was adjusted to factor in Canada Clean Technology ITC implications and carried the 
benefits beyond 2032. This data is used to determine the cost for NGCT, NGCC, distributed solar 
generation and BESS. The cost data was inflated to $2023 and converted to Canadian dollars. 

 

The Demand Response costs were retrieved from the IESO DER Potential Study, which included a basket of 
cost data for back up generation, lighting controls, EV smart chargers, district cooling/heating flexibility 
(HVAC) and commercial/ industrial flexibility. 

 
Methodology 
The analysis focused on determining the bulk generation required to meet the annual incremental peak 
load, which considered the applicable capacity factor of the reference technology. The capacity factor of 
the asset was derived from the IESO APO. The cost of the bulk generation analyzed included the annual 
CAPEX, annual OPEX, natural gas fuel cost (where applicable, $5.27/GJ based on Enbridge 2024- 2028 
rate application59), and borrowing costs (based on 60 percent debt, five percent interest rate). 



Ontario Energy Association | 46  

 
 
 
 

 

Appendix B Table 22: NREL NGCC, NGCT, and BESS assumptions60 

 2023 CAPEX ($/MW) 2023 Fixed OPEX 
($/MW-year) 

2043 CAPEX 
($/MW) 

2043 
Fixed 
OPEX 

($/MW- 
year) 

NGCC $1,251 $30,000 $1,083 $30,000 
NGCT $1,395 $38,000 $1,257 $38,000 
4-hour BESS $2,400 $46,000 $1,352 $33,000 

8-hour BESS $3,361 $84,000 $2,387 $60,000 

Please note: The heat rate used for the analysis is 9.7 MMBTU/MWh for NGCC and 6.3 MMBTU/MWh for NGCT. The heat rate 
is used to determine the amount of natural gas used to generation 1 MWh. 

 

The CAPEX for each reference technology decreased overtime as forecasted by NREL, due to technology 
improvements and manufacturing efficiency. Similarly for BESS, the OPEX decreased over time as well. 

 
For DER assets, key inputs were retrieved for the IESO DER Potential Study including useful life, installation 
and capital cost, and annual operating costs. The analysis considers replacing timing and costs. For further 
information please reference the IESO DER Potential Study. 

 
Appendix B Table 23 : Summary of IESO DER potential study cost data 

Measure 
Name 

2023 CAPEX 
($ per unit) 

2023 OPEX 
($ per unit per 

year) 

2032 CAPEX 
($ per unit) 

2032 OPEX 
($ per unit per 

year) 

Demand 
response 

$95 to $520K $4K to $80K $76 to $400K $50 to $20K 

Distributed 
generation 

$8K to $50M $90 to $900K $7K to $45M $100 to $625K 

Storage $20K to $2.7M $500 to $745K $16K to $2.2M $500 to $600K 

Please note some of the cost ranges have been grouped for summary purposes, please refer to IESO DER potential study for 
further details. 

 
Result 
The Total DSO model yields a higher benefit compared to the Dual Participation model due to higher DER 
penetration leading to less deployment of bulk grid generation assets. 

Appendix B Table 24: Avoided bulk generation – Total DSO and Dual participation net benefits 

Reference 
technology 

Total DSO 
Net 

Benefit 
(NPV 8%) 

$ Bn 

Dual Participation 
Net Benefit 

(NPV 8%) $ Bn 

NGCC $1.4 $0.6 

NGCT $1.0 $0.4 

4-hour BESS $5.1 $1.7 

8-hour BESS $10.3 $3.4 

 
The Total DSO model avoided generation cost ranges from $1.0Bn to 10.3Bn, as compared to the Dual 
Participation model avoided generation which ranges from $0.4Bn to $3.4Bn. The higher range for both 
the Total DSO and Dual Participation model was deployment of BESS to meet peak demand, due to the 
fact BESS is generally higher cost and lower capacity factor as compared to gas generation. However, it 
must be noted the analysis does not consider the federal Clean Electricity Regulations (CER), which may 
impact the ability of fossil fuel generation to be built past 2035, as such the higher avoided costs may be 
plausible. For analysis purposes, NGCT and NGCC results are used as a conservative comparator 
between the two models. 



Ontario Energy Association | 47  

 
 
 
 

 

Appendix B Table 25: Avoided bulk generation benefit (cost) 

 Total DSO model 
(NPV @8%) $ Bn 

Dual Participation model 
(NPV @8%) $ Bn 

Avoided bulk generation $1.0 - $1.4 $0.4 - $0.6 

 
Under the Total DSO model there could be a potential of NPV $0.6Bn to $0.8 Bn incremental benefit 
compared to the Dual Participation model. 

Avoided Wholesale Energy Costs 

Data and Core Assumptions 
With increased DER penetration, it is assumed that wholesale energy costs could be avoided through 
behind-the-meter generation and demand response. The behind-the-meter generation resources allow the 
commercial or residential to self-generate, and the demand response will remove the energy demand 
completely. 

 
The forecasted IESO APO hourly Ontario energy price (HOEP) utilized for the wholesale electricity price 
ranged from $25/MWh in 2023 to $69/MWh by 2043. The analysis also incorporated a low and high 
case scenario price for global adjustment from 2024 to 2043. The global adjustment price used for a low 
case was $66/MW, which was based on an annual average of actuals from 2008 to 2021. The high case 
price scenario was $98, which was based on the annual average of actuals from 2017 to 2021. 

 
Methodology 
The behind-the-meter generation assets assumed in the analysis are commercial and residential solar PV, 
and commercial and residential battery energy storage. The solar assets were assumed to have 18 
percent capacity factor (IESO APO), and the BESS assumed with a round trip efficiency factor of 85 
percent (NREL). The BESS and demand response assets were assumed to avoid peak demand four-hours 
per day for 365 days a year. 

 
Appendix B Table 26: NREL ATB cost data 

 LCOE 2024 
(2023$/MWh) 

LCOE 2043 
(2023$/MWh) 

Commercial PV $82 $60 

Residential PV $134 $81 

Commercial 4 hr BESS $2,280 $1313 

Commercial 8 hr BESS $3,683 $2776 

Residential battery storage - 5 kW - 12.5 kWh $4,816 $3123 

Residential battery storage - 5 kW - 20 kWh $6,225 $4037 

*The LCOE is a simple average of the moderate and conservative scenarios. The values were also converted to Canadian Dollars 
with a FX rate of $1.30 CAD/USD. 

 

The analysis compared the LCOE of the DER to the wholesale energy price, factoring in the capacity factor 

of the solar assets and the roundtrip efficiency of the BESS. 
 

Result 
The Total DSO model yielded a higher benefit compared to the Dual Participation model due to higher 
DER penetration. Total DSO model avoided wholesale grid purchases of 157 TWh over a 20-year 
forecasted period, whereas the Dual Participation model avoided 55 TWh. The analysis indicates Total 
DSO has a potential to realize $2.6Bn to $4.5Bn of net benefit (NPV eight percent), compared to Dual 
Participation having a potential to realize $1.0Bn to $1.6Bn of net benefit (NPV eight percent). 
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Appendix B Table 27: Avoided wholesale energy benefit (cost) 

 Total DSO model 
(NPV @8%) $ Bn 

Dual Participation model (NPV 
@8%) $ Bn 

Avoided wholesale energy $2.6 – $4.5 $1.0 - $1.6 

 
Under the Total DSO model, there could be a potential of NPV $1.6 Bn to $2.9 Bn incremental benefit 
compared to the Dual Participation model. 

 

DER-avoided Line Loss 

Data and Core Assumptions 
Total system electricity losses during transportation ranged from seven percent to 11 percent over the 
2020 to 2022 period in Ontario†††. Adoption of DERs can help reduce electricity line losses. 

 
Methodology 
The analysis is based on the assumed DER penetration for the Total DSO model and the Dual Participation 
model, which will reduce the amount of energy that is generated by bulk grid resources. A line loss factor 
of seven percent was applied for the analysis. 

 

Result 
The Total DSO model yields a higher benefit compared to the Dual Participation model due to higher DER 
penetration. The Total DSO model has the potential to reduce line loss by 11 TWh over a 20-year 
forecasted period, whereas the Dual Participation model avoided four TWh. The analysis indicates the 
Total DSO model has a potential to realize $0.5Bn to $1.0Bn of net benefit (NPV eight percent), 
compared to the Dual Participation model having a potential to realize $0.3Bn to $0.6 of net benefit 
(NPV eight percent). 
 

Appendix B Table 28: Avoided line loss benefit (cost) 

 Total DSO model 
(NPV @8%) $ Bn 

Dual Participation model (NPV 
@8%) $ Bn 

Avoided line loss $0.5 - $1.0 $0.3 - $0.6 

 
Under the Total DSO model there could be a potential of $0.2Bn to $0.4Bn incremental benefit compared 
to the Dual Participation model. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

††† Derived by comparing total generation to total demand during the 2020 to 2022 period. 
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APPENDIX C: ABBREVIATIONS 

Appendix C Table 1: Abbreviations table 

Abbreviation Term 
ADMS Advanced Distribution Management System 

AEMO Australian Energy Market Operator 

API Application Programming Interface 

ATB Annual Technology Baseline 

BAU Business as Usual 

BESS Battery Energy Storage System 

Bn Billion 

BTM Behind the Meter 

CAGR Compounded Annual Growth Rate 

CAPEX Capital Expenditures 

CER Clean Electricity Regulations 

DER Distributed Energy Resources 

DER(A) Distributed Energy Resources Aggregator 

DERMS Distributed Energy Resource Management System 

DMS Distribution Management System 

DNO Distribution Network Operator 

DPDSO Dual-Participation Distribution System Operator 

DSO Distribution System Operator 

Dx Distribution 

EEG The German Renewable Energy Act 

EETP Electrification and Energy Transition Panel 

ETNO Energy Transition Network of Ontario 

FiT Feed in Tariffs 

FTE Full Time Equivalent 

GHG Greenhouse Gas 

Gw/Gwh Gigawatts/Gigawatt Hour 

HOEP Hourly Ontario Energy Price 

HVAC Heating, Ventilation, Air Conditioning 

IAM IESO Administered Market 

IESO Independent Electricity System Operator 

ISO Independent System Operator 

JRAP Joint Rate Application 

KPI Key Performance Indicator 

Kw/Kwh Kilowatts/ Kilowatt Hour 

KWKG Combined Heat and Power Act 

LCOE Levelized Cost of Energy 

LDA Local Distribution Area 

LDC Local Distribution Company 

LSE Load Serving Entity 

M Million 

MMS Market Management System 

MOE Ministry of Energy 

Mw/Mwh Megawatts/Megawatt Hour 

MVAs Megavolt amps 

NGCC Natural Gas Combined Cycle 

NGCT Natural Gas Combined Turbine 

NPV Net Present Value 

NREL National Renewable Energy Laboratory 

NWA Non-Wires Alternative 

OEA Ontario Energy Association 

OEB Ontario Energy Board 

Ofgem Office of Gas and Electricity Markets 

OMS Outage Management System 

OPEX Operating Expense 

O&M Operating & Maintenance 
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PS Profit-sharing 

PV Photovoltaic 

QS Quality-of-service 

RAM Return Adjustment Mechanism 

ROE Return on Equity 

SAIDI System Average Interruption Duration Index 

SAIFI System Average Interruption Frequency Index 

SCADA Supervisory Control and Data Acquisition 

SSEN Scottish Southern Electricity Networks 

TDSO Total Distribution System Operator 

TOTEX Total Expenditures 

TSO Transmission System Operator 

Tw/Twh Terawatts/Terawatt Hour 

UK United Kingdom 
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