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Executive Summary  

hƴǘŀǊƛƻΩǎ [ƻƴƎ-Term Energy Plan (LTEP) places significant reliance upon Distributed Energy Resources 

ό59wύ ŎƻƴǎƛǎǘƛƴƎ ƻŦ ǊŜƴŜǿŀōƭŜǎ ŀƴŘ ǎǘƻǊŀƎŜ ǘƻ ŀŘŘǊŜǎǎ ŀ ƎŀǇ ƛƴ ǘƘŜ ǇǊƻǾƛƴŎŜΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅ ƳƛȄ ǘƘŀǘ 

will emerge over the next fifteen years. This report examines the economics of meeting this supply gap 

with renewables-based (solar and wind) DER and how the intermittent output of these variable generation 

sources interacts with storage to undermine those economics. 

Background 

Today DER is at the center of energy policy discussions around the world. DER can include solar panels, 

electricity storage, small natural gas-fuelled generators, and controllable loads such as electric vehicles 

and water heaters.  These resources are typically connected to distribution networks and are smaller in 

scale than traditional transmission grid-connected generation facilities that serve most of OntarioΩǎ 

demand1. DER that includes renewables coupled with storage is advocated as the low-cost, low-emission 

supply alternative to fossil fuels and the basis for adding more intermittent renewables to the supply mix. 

Three factors have played a critical role in this transition: renewables such as wind and solar are now 

integral parts of the energy mix in many jurisdictions; the next generation of these technologies have 

experienced dramatic cost declines; and, Lithium-ion (Li-ion) batteries for energy storage are following a 

similar cost reduction path. 

DER is recognized as a critical component in the evolution of smart grid innovations. Information and 

communication technology (ICT) innovations in smart control technologies aim to facilitate the integration 

of renewables and storage technologies and enable two new paradigms: (1) a new class of customers: 

ŎƻƴǎǳƳŜǊǎ ŀƴŘ ǇǊƻŘǳŎŜǊǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ όάǇǊƻǎǳƳŜǊǎέύΤ ŀƴŘ όнύ ŎƻƳƳǳƴƛǘȅ-based microgrids and virtual 

power plants. DER connected in a microgrid configuration has the potential to provide dispatch flexibility 

at the local distribution level that natural gas-fired generation currently provides for the transmission grid. 

hƴǘŀǊƛƻΩǎ [¢9t ƛŘŜƴǘƛŦƛŜǎ ŀ ƎǊƻǿƛƴƎ ŎŀǇŀŎƛǘȅ ƎŀǇ ƛƴ ǘƘŜ ǇǊƻǾƛƴŎŜΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎǳǇǇƭȅΦ ²ƛǘƘ ǘƘŜ ǊŜǘƛǊŜƳŜƴǘ 

ƻŦ ǘƘŜ tƛŎƪŜǊƛƴƎ bǳŎƭŜŀǊ DŜƴŜǊŀǘƛƴƎ {ǘŀǘƛƻƴ ŀƴŘ ǘƘŜ ǎǳōǎŜǉǳŜƴǘ ƎǊŀŘǳŀƭ ŜȄǇƛǊŀǘƛƻƴ ƻŦ hƴǘŀǊƛƻΩǎ ŎƻƴǘǊŀŎǘŜŘ 

renewables and natural gas-fired generation, 30% ƻŦ hƴǘŀǊƛƻΩǎ ƎŜƴŜǊŀǘƛƻƴ ŎŀǇŀŎƛǘȅ ǿƛll have to be 

renewed or replaced by 20352Σ ŜǾŜƴ ǳƴŘŜǊ ǘƘŜ [¢9tΩǎ low demand forecast.   

The LTEP places significant emphasis and reliance upon renewables-based DER to address this supply gap 

and recognizes that storage is required to mitigate the effects of the intermittent output from wind and 

solar generation. The LTEP is focused on increasing the adoption of renewables-based DER to achieve 

several benefits that are enabled by storage: utilities can defer or avoid άǿƛǊŜǎέ investments through 

άƴƻƴ-ǿƛǊŜǎέ DER solutions; and customers can generate, store and sell their own power, and ensure their 

own reliable electricity, both during times of peak demand and during power outages. Yet, the degree to 

which the variable nature of wind and solar generation impacts the ability of storage to provide these 

benefits is not well understood.  

 

                                                           
1 IESO website 
2 MoE, LTEP, 2017 
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Context 

Studies undertaken in Ontario have examined how DER could be used to mitigate electricity system 

challenges resulting from the extensive deployment of renewables over the last decade.3 In contrast, this 

report examines the economics of using wind-based DER or solar-based DER solutions to fill the emerging 

supply gap by 2035, explicitly considering the impact of intermittency.  

To deliver the expected benefits, DER must supply either the daytime energy demand profile or the 

ōŀǎŜƭƻŀŘ ŘŜƳŀƴŘ ǇǊƻŦƛƭŜ ǊŜǉǳƛǊŜŘ ōȅ hƴǘŀǊƛƻΩǎ ŦǳǘǳǊŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ To this end, three DER 

configurations are examined: 

1. Solar-based DER at the community level or microgrid-scale that integrates solar panels and Li-ion 

battery storage;  

2. Wind-based DER consisting of grid-connected wind farms integrated with adjacent compressed 

air energy storage systems (CAES); and  

3. Baseload-supplied distributed energy storage (DES) is an alternative approach that consists of 

grid-connected baseload generation such as nuclear or hydro that supplies community level 

distributed storage. This latter baseload-supplied DES option represents a pathway to a low 

carbon economy that has received little attention in the climate change and DER discourse.  

Findings 

The unfortunate truth is that renewables-based DER solutions are not a cost-effective way to meet 

OntarioΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ƴŜŜŘǎ ƛƴ 2035 because the intermittency of renewables output negatively impacts 

the cost of storage. These intermittency costs outweigh the forecast cost declines of the renewables and 

storage technologies. When storage assets are coupled with intermittent renewables, storage operations 

focus on managing the intermittency of the renewables. When storage is coupled with a baseload supply, 

storage operations can be focused on managing demand fluctuations, a more direct use of the capabilities 

of storage. This study has produced the following three major findings: 

1. hƴǘŀǊƛƻΩǎ Weather-induced intermittency undermines the economics of renewables-based DER  

¶ Intermittency creates a need for gas backup, which leads to high Levelized Cost of Energy 

(LCOE) from DER systems - LCOE of solar-based DER is $270/MWh, 10% higher than today.  

¶ Full renewables-based DER rollout would add $0.7B/year (solar DER) to $3.4B/year (wind DER) 

ǘƻ hƴǘŀǊƛƻΩǎ total cost of electricity - an increase of 3% to 15% over the LTEP forecast. 

¶ Small-scale residential renewables-based DER will remain too costly for several decades.  

2. Ontario renewables-based DER would have a systemic 35% higher cost structure than the U.S.  

¶ hƴǘŀǊƛƻΩǎ ǿŜŀǘƘŜǊ ǿƻǳƭŘ Ǉǳǘ ōǳǎƛƴŜǎǎŜǎ ŀǘ ŀ ŎƻƳǇŜǘƛǘƛǾŜ ŘƛǎŀŘǾŀƴǘŀƎŜ ƻƴ ŜƴŜǊƎȅ Ŏƻǎǘǎ. 

3. Ontario has a better option with nuclear baseload-supplied DES  

¶ Nuclear-supplied DES LCOE of $160/MWh is ~60% of the solar-based DER LCOE. 

¶ Nuclear-ǎǳǇǇƭƛŜŘ 59{ ŎƻǳƭŘ ǊŜŘǳŎŜ hƴǘŀǊƛƻΩǎ ŜƭŜŎǘǊƛŎƛǘȅ Ŏƻǎǘ ōȅ ƻǾŜǊ Ϸн.κȅŜŀǊΣ ϷрΦр.κȅŜŀǊ ƭŜǎǎ 

than wind-based DER, and 20% less than U.S. ς a competitive advantage for Ontario. 

¶ Small modular reactors (SMRs) and carbon capture may be the lowest cost solutions. 

                                                           
3 IESO, Energy Storage, 2016; Essex, 2017 
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Discussion of Findings 

Finding #1 ς hƴǘŀǊƛƻΩǎ Weather-induced intermittency undermines economics of renewables-based DER  

Figure ES-1 summarizes the costs of the assessed DER options for meeting hƴǘŀǊƛƻΩǎ нлор supply gap.4 

The costs are compared to those of the existing system5 as well as other new developing technologies in 

terms of the Levelized Cost of Energy (LCOE) and the costs expected from each generation type as required 

ǘƻ ƳŜŜǘ hƴǘŀǊƛƻΩǎ ŀƴǘƛŎƛǇŀǘŜŘ [¢EP supply gap in 2035.  Intermittency creates a need for gas backup, which 

leads to a high LCOE from renewables-based DER systems. 

 

 

1. LCOE of solar-ōŀǎŜŘ 59w ƛǎ Ϸнтлκa²ƘΣ нл҈ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ Ϸнплκa²Ƙ Ŏƻǎǘ ƻŦ ǘƻŘŀȅΩǎ ǎǳǇǇƭƛŜǎ ǘƘŀǘ 

it would replace  

a. TodayΩǎ supply mix would have an LCOE of $240/MWh (if include carbon pricing).  

b. Solar-based DER would have an LCOE of $270/MWh in 2017 dollars6, or $301/MWh if 

microturbines are deployed instead of combined cycle gas turbines (CCGT).  

c. The LCOE of the wind-based DER option would be approximately $380/MWh. 

                                                           
4 ¢ƘŜ ǎŎŜƴŀǊƛƻǎ ŀƭƭ ŀǎǎǳƳŜ ǘƘŜ [¢9t ŘŜƳŀƴŘ ŦƻǊ нлор ǿƛǘƘƛƴ ŀ ǎȅǎǘŜƳ ōǳƛƭǘ ƻƴ hƴǘŀǊƛƻΩǎ ŎƻƳƳƛǘǘŜŘ ƘȅŘǊƻ ŀƴŘ 
nuclear assets and reflect industry projected 2030 costs. 
5 Existing system costs from OEB RPP, OPO 2015 embedded generation, IESO 2016 Year End data 
6 All currencies in this document are in $2017 CAD except in Section 4.0 or where otherwise specified. 

Figure ES-1 ς Total Annual Cost of DER and LCOE Comparison, Ontario, 2030 
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2. A full rollout of renewables-ōŀǎŜŘ 59w ŎƻǳƭŘ ŀŘŘ ϷлΦт.κȅŜŀǊ ǘƻ ϷоΦп.κȅŜŀǊ ǘƻ hƴǘŀǊƛƻΩǎ Ŏƻǎǘ ƻŦ 

electricity. 

a. This is equivalent to a cost increase of 3% to 15% over the 2030 forecast LTEP costs7. 

b. The DER/DES options have two distinct cost components: the cost of generation and storage; and 

the cost of the backup natural gas-fired generation and peaking supply.  

c. The future generation and storage cost of a solar-based DER option is projected to be $4.8B/year, 

1.9 times the cost of a baseload-supplied DES system comprised of conventional nuclear 

generation and Li-ion battery storage. The generation and storage costs for the wind-based DER 

option are projected to be $7.4B/year, 2.9 times the cost of the nuclear baseload-supplied DES 

solution. 

d. All options include the same need for peaking natural gas-fired generation plants to satisfy the 

extreme demand peaks that occur on a few days every summer. The cost for 3,000 MW of peaking 

gas supply in 2030 is forecast to be about $380M/year.8 

Natural gas-fired generation would still be required to supply 20% to 30% of the incremental 

daytime demand mostly as a result of seasonal variations in both demand and generation. The 

estimated future share of natural gas-fired generation output could range from 3% to 5% of the 

Ontario supply mix, similar to the 4% in 2017, but less than the 8% realized in 20169.  

The cost of the backup natural gas-fired generation required by wind-based DER is $1.9B/year, 

12% more than the $1.7B/year required for solar-based DER and 62% more than the $1.2B/year 

required for the nuclear baseload-supplied DES option. The wind-based DER cost is higher due to 

a much greater need for backup gas-fired generation capacity. 

Some proposed DER schemes involve the use of microturbines in lieu of the grid-based 

generation. The incremental cost of a microturbine was examined for the solar-based DER option. 

Microturbines would increase the cost by 9% due to higher capital costs, low capacity factor and 

carbon pricing. 

3. The impact of renewables intermittency on the LCOE of DER/DES options in Ontario is illustrated in 

Figure ES-2. Intermittency results in excess unutilized generation, conversion losses in the storage 

system, low capacity factors of the storage asset, and the need for backup generation.  

a. The LCOE of the solar-based DER has four contributing components:  

¶ The cost of solar panels is based on the forecast LCOE for grid-connected solar of US 

$47/MWh (for low cost areas of the U.S. with high levels of sunshine10). That same technology 

installed at community-scale in Ontario will cost $120/MWh, a generation premium of 

$73/MWh. 

                                                           
7 It is assumed that the OPO Outlook B total cost forecast of $20.2B/year in 2030 is the basis for the LTEP. 
8 EIA 2017 Annual Energy Outlook, Strapolec analysis. 
9 IESO Year End Data, 2016, 2017 
10 Lazard LCOE v11, 2017 
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¶ Solar output intermittency combined with demand fluctuations increases the cost of storage 

and solar output by $91/MWh for the energy that is used. 

¶ DER solutions do not eliminate surplus from intermittent renewable energy production. Up 

to 30% of solar energy will be curtailed or lost through storage inefficiencies ς 19% of wind.  

¶ Natural gas will be required to backup up the solar energy and supply 30% of the demand 

increasing the total LCOE by $6/MWh to $270/MWh. 

b. Wind-based DER solutions are costlier at $380/MWh.  

 

 

 

4. Residential renewables-based DER will be uneconomic for decades 

To best provide the desired system asset optimization and customer benefits, DER solutions should 

be located as close to the demand load as possible, preferably on the consumerǎΩ premises. 

Unfortunately, as DER systems are moved closer to loads, the scale of the DER installation decreases: 

a 1.5 MW solar panel could supply a community of 1,000 homes and businesses; for a single home, a 

0.25 kW solar panel could provide all of the daytime energy that would be needed above what could 

be supplied by hƴǘŀǊƛƻΩǎ committed baseload. The components of 5 kW or smaller scale DER solutions 

are prohibitively expensive without the substantial subsidies that have promoted their use.  

a. Cost forecasts show residential solar-based DER solutions will remain uneconomic beyond 

2030.  

Figure ES-2 ς Ontario vs U.S. DER LCOE Contributions 
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b. For solar-based DER, community-scale solutions may be the most promising DER option. 

Increasing the size of DER installations to grid-scale solar offers little system benefits or cost 

advantage. 

c. Wind-based DER is only economic when using grid-scale wind, which also offers the potential 

advantage of being paired with lower cost storage, such as compressed air energy storage 

(CAES). However, grid-scale wind does not provide the desired DER benefit of reducing the 

required capacity of the transmission and distribution systems. These must accommodate the 

backup natural gas-fired generation capacity which is not reduced.  

Finding #2 ς Ontario renewables-based DER would have a systemic 35% higher cost structure than the U.S. 

Figure ES-2 shows that the cost impacts of intermittency in Ontario are greater than in the U.S. This is 

primarily ŘǳŜ ǘƻ ǘƘŜ ƴŀǘǳǊŜ ƻŦ hƴǘŀǊƛƻΩǎ ƎŜƻƎǊŀǇƘȅ ŀƴŘ ǿŜŀǘƘŜǊ ŎƻƴŘƛǘƛƻƴǎΣ ǿƘƛŎƘ ƭƻǿŜǊ ǘƘŜ ŎŀǇŀŎƛǘȅ 

factors of the renewables. The higher capacity factors in the U.S. result from less variability or 

intermittency of the renewable generation output. 

1. The LCOE of the U.S. solar-based DER would be $200/MWh. The $270/MWh LCOE of the solar-

based DER in Ontario (using equivalent DER components) is 35% higher. 

2. Similarly, the LCOE of wind-based DER may be 12% more in Ontario compared to the U.S. 

3. Pursuing nuclear baseload-supplied DES options in Ontario could create a 20% cost advantage 

over the U.S. solar-based DER options.  

Finding #3 ς Of the known and proven technology options, nuclear baseload-supplied DES will be the 

lowest-cost option in any geography that has high renewables intermittency. Nuclear baseload-supplied 

DES also has the greatest potential in Ontario to achieve the desired DER benefits of mitigating distribution 

and transmission costs. Cost forecasts for other technology being developed suggest that:  

1. The baseload-supplied DES would have an LCOE of $160/MWh. This option ŎƻǳƭŘ ǊŜŘǳŎŜ hƴǘŀǊƛƻΩǎ 

annual electricity cost by over $2B.  

2. Small modular reactors (SMRs) may be the lower cost solution for a broad range of jurisdictions 

and locations compared to conventional nuclear; 

3. Natural gas-fired generation (CCGT shown) equipped with carbon capture and sequestration (CCS) 

may also be a low-cost low-carbon generation option.11 However, CCGT with CCS would not offer 

the cost benefits from distribution and transmission system asset optimization and would not be 

emission-free ς three times more emissions than the solar-based DER and four times the 

emissions of the nuclear baseload-supplied DES. 

  

                                                           
11 Assuming an operating capacity factor of 49%. 
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Implications 

1. Renewables-based DER should not be looked to as a cost-ŜŦŦŜŎǘƛǾŜ ǎƻƭǳǘƛƻƴ ŦƻǊ hƴǘŀǊƛƻΩǎ emerging 

capacity gap identified in the 2017 LTEP.  

¶ Renewables-based DER can only be justified today based on either direct subsidies or indirect 

subsidies enabled by market arbitrage. 

¶ Investment in residential scale renewables-based DER is uneconomic. Incentives such as net-

metering, noted in the LTEP, are an indirect subsidy that would increase the total cost of the 

entire electricity system. 

2. hƴǘŀǊƛƻΩǎ ŜƳŜǊƎƛƴƎ ŎŀǇŀŎƛǘȅ ƎŀǇ Ŏŀƴ ōŜ ōŜǎǘ ŀŘŘǊŜǎǎŜŘ ōȅ ǇǊƻŎǳǊŜƳŜƴǘ ƻŦ ǳǇ ǘƻ р,000 MW of new 

low-emission baseload electricity supply by 2035. New baseload capacity is required in Ontario to 

supply two needs: 

a) ¢ƻ Ŧƛƭƭ hƴǘŀǊƛƻΩǎ ŜƳŜǊƎƛƴƎ ŎŀǇŀŎƛǘȅ ƎŀǇ ŦƻǊ ōŀǎŜƭƻŀŘ ǎǳǇǇƭȅ ǊŜǉǳƛǊŜǎ ǘƘŜ ǇǊƻŎǳǊŜƳŜƴǘ ƻŦ ƻǾŜǊ 

2,250 MW of new low-emission baseload supply.   

¶ These resources will be required as soon as possible after the Pickering Nuclear Generation 

Station retires in 2024.  

¶ Based on 2030 cost projections, using renewables-based DER to perform a baseload function 

will cost three to four times more than new nuclear stations and will not be emissions-free 

because of the requirement for backup natural gas-fired generation. With the cost projections 

predicated on significant cost declines to 2030, procurements prior to 2030, such as to replace 

the retiring Pickering Nuclear Generation Station, will be costlier. 

b) To meet daytime demand, another 2,700 MW of low-emission baseload supply is required by 

2035 in order to implement the low-cost baseload-supplied DES. 

3. Given the immediate requirement for low-emission baseload generation to fill the emerging capacity 

gap after 2024, planning for such procurement should begin as soon as possible to best advance a 

potential Ontario competitive cost advantage with respect to the U.S. 

Analysis of the transmission, distribution, and reserve capacity benefits should be conducted. It would 

likely show improved relative economics of baseload-supplied DES. Such analyses could additionally 

inform policy and investment decision-makers about the economics of DER/DES solutions, their ability to 

ƘŜƭǇ ŀŘŘǊŜǎǎ hƴǘŀǊƛƻΩǎ ŜƳŜǊƎƛƴƎ ŎŀǇŀŎƛǘȅ ƎŀǇ, and the potential to reduce overall electricity system costs.  



Renewables DER in Ontario ς Cost & Implications Assessment 
 

viii 

 Final Report ς June 2018 

Table of Contents  

Executive Summary ........................................................................................................................................ i 

1.0 Introduction ...................................................................................................................................... 1 

1.1 Background ................................................................................................................................... 2 

1.2 Structure of this Document .......................................................................................................... 4 

2.0 Methodology ..................................................................................................................................... 5 

3.0 Distributed Energy Resources Capabilities and Applications............................................................ 7 

3.1 The DER Promise ........................................................................................................................... 7 

3.2 Locational Considerations for DER .............................................................................................. 10 

3.3 Future Demand for DER Output Capabilities .............................................................................. 13 

3.4 Candidate DER Technologies ...................................................................................................... 14 

3.5 DER Scenarios .............................................................................................................................. 17 

3.6 Summary ..................................................................................................................................... 18 

4.0  Understanding the Cost of Renewables + Storage ......................................................................... 19 

4.1 Renewable Generation Costs ...................................................................................................... 22 

4.2 Storage Costs .............................................................................................................................. 28 

4.3 Integrating Renewables with Storage ......................................................................................... 34 

4.4 Case Examples of DER Economics ............................................................................................... 40 

4.5 Comparison with Conventional Generation ............................................................................... 47 

4.6 Summary of Cost Implications .................................................................................................... 52 

5.0 Reality of Intermittency .................................................................................................................. 54 

5.1 Intermittency Defined and Characterized with Demand ............................................................ 55 

5.2 Solar-Based DER Intermittency Implications .............................................................................. 59 

5.3 Wind-Based DER Implications ..................................................................................................... 65 

5.4 Demand Fluctuation Implications ............................................................................................... 75 

5.5 Summary Implications: Comparative Performance of DER Options........................................... 89 

6.0 hƴǘŀǊƛƻΩǎ DŜƻƎǊŀǇƘƛŎŀƭ /ƘŀƭƭŜƴƎŜ .................................................................................................. 93 

6.1 DER Component LCOEs for Ontario ............................................................................................ 94 

6.2 Total System Costs .................................................................................................................... 101 

6.3 Intermittency and Demand Fluctuation Impacts on LCOE ....................................................... 103 

6.4 U.S. Geography Induced Competitive Disadvantages for DER ................................................. 111 

6.5 {ǳƳƳŀǊȅ ƻŦ hƴǘŀǊƛƻΩǎ DŜƻƎǊŀǇƘƛŎ /ƻǎǘ 5ƛǎŀŘǾŀƴǘŀƎŜ ............................................................. 116 

7.0 Summary Findings and Observations............................................................................................ 118 



Renewables DER in Ontario ς Cost & Implications Assessment 
 

ix 

 Final Report ς June 2018 

Acknowledgements ................................................................................................................................... 123 

Appendix A ς References and Bibliography .............................................................................................. 124 

Appendix B ς List of Abbreviations ........................................................................................................... 126 

Contact Information .................................................................................................................................. 128 

 

  



Renewables DER in Ontario ς Cost & Implications Assessment 
 

x 

 Final Report ς June 2018 

List of Figures 

Figure 1 ς hƴǘŀǊƛƻΩǎ tŜŀƪ {ǳǇǇƭȅ ŀƴŘ 5ŜƳŀƴŘ hǳǘƭƻƻƪ ............................................................................... 2 

Figure 2 ς .ƭŜƴŘŜŘ /ƻǎǘ ƻŦ hƴǘŀǊƛƻΩǎ 9ƴŜǊƎȅ {ǳǇǇƭȅΣ нлмс ........................................................................... 3 

Figure 3 ς 59wΩǎ tǊƻƳƛǎŜŘ .ŜƴŜŦƛǘǎ ǘƻ ǘƘŜ 9ƭŜŎǘǊƛŎƛǘȅ {ȅǎǘŜƳ ŀƴŘ /ƻƴǎǳƳŜǊǎ ............................................ 8 

Figure 4 ς DER Potential for Peak Shaving .................................................................................................. 10 

Figure 5 ς DER Opportunities by Location .................................................................................................. 11 

Figure 6 ς hƴǘŀǊƛƻΩǎ /ŀǇŀŎƛǘȅ DŀǇ ς Supply Needed for Baseload and Peak Demand Profiles .................. 14 

Figure 7 ς Wind Turbine System Illustrated ................................................................................................ 16 

Figure 8 ς DER vs. Conventional Generation Average U.S. LCOE ............................................................... 19 

Figure 9 ς Storage U.S. Average LCOS, 2017 vs. 2030 ................................................................................ 20 

Figure 10 ς Integrated DER LCOE Comparison ........................................................................................... 21 

Figure 11 ς Solar U.S. Capital Cost Forecast, 2017 vs. 2030 ....................................................................... 23 

Figure 12 ς Wind U.S. Capital Cost Forecast, 2017 vs. 2030 ....................................................................... 23 

Figure 13 ς Solar and Wind Average U.S. LCOE Forecast, 2017 vs. 2030 ................................................... 23 

Figure 14 ς Solar Community and Commercial Scale Capital Cost Forecast to 2040 ................................. 24 

Figure 15 ς Solar Community and Commercial Scale Capital Cost CAGR Forecast to 2040 ....................... 25 

Figure 16 ς Solar Community LCOE Forecast to 2030 ................................................................................ 26 

Figure 17 ς Grid-Scale Solar Capital Cost Forecast to 2030 ........................................................................ 26 

Figure 18 ς Grid-Scale Solar LCOE Forecast to 2030 ................................................................................... 27 

Figure 19 ς Wind Capital Cost Forecast to 2040 ......................................................................................... 27 

Figure 20 ς Storage U.S. Average Capital Cost, 2017 vs. 2030 ................................................................... 28 

Figure 21 ς Storage U.S. Average LCOS, 2017 vs. 2030 .............................................................................. 29 

Figure 22 ς Lithium-Ion Battery Physical Energy Storage System .............................................................. 30 

Figure 23 ς Lithium-Ion Battery Capital Cost CAGR Forecast to 2030 ........................................................ 31 

Figure 24 ς Lithium-Ion Battery Capital Cost Forecast to 2030 .................................................................. 31 

Figure 25 ς Illustrative System Costs: LCOS by Category ............................................................................ 32 

Figure 26 ς Lithium-Ion Battery LCOS CAGR Forecast to 2030 ................................................................... 33 

Figure 27 ς Lithium-Ion Battery LCOS Forecast to 2030 ............................................................................. 33 

Figure 28 ς Pumped Hydro and Compressed Air LCOS Forecast to 2030 ................................................... 34 

Figure 29 ς Integrated Solar Community DER LCOE ................................................................................... 35 

Figure 30 ς Integrated Wind + CAES LCOE .................................................................................................. 35 

Figure 31 ς Solar Community DER LCOE Components ............................................................................... 35 

Figure 32 ς Conceptual Arrangement of a DC Coupled PV + Storage Battery System ............................... 37 

Figure 33 ς Avoided Cost of Battery BOS Associated with PV Coupling ..................................................... 37 

Figure 34 ς Lithium-Ion Battery Capital Cost Reduction ............................................................................. 37 

Figure 35 ς Lithium-Ion Battery Integration LCOS Reduction ..................................................................... 37 

Figure 36 ς Solar and Storage Daytime Demand Supply ............................................................................ 38 

Figure 37 ς Solar and Storage for Baseload Supply .................................................................................... 38 

Figure 38 ς Wind + CAES LCOE Components .............................................................................................. 39 

Figure 39 ς Wind Capacity Sizing for Daytime Community Demand .......................................................... 40 

Figure 40 ς Wind Capacity Sizing for Baseload Demand ............................................................................ 40 

Figure 41 ς Residential Net-Metering with 4 kW Rooftop Solar PV ........................................................... 42 

Figure 42 ς Net Energy Metering ................................................................................................................ 43 

file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662595
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662596
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662597
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662598
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662599
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662600
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662601
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662602
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662603
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662604
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662605
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662606
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662607
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662608
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662609
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662610
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662611
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662612
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662613
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662614
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662615
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662616
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662617
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662618
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662619
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662620
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662621
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662622
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662623
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662624
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662625
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662626
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662627
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662628
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662629
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662630
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662631
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662632
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662633
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662634
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662635
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662636


Renewables DER in Ontario ς Cost & Implications Assessment 
 

xi 

 Final Report ς June 2018 

Figure 43 ς Optimal Dispatch of a DC Tightly Coupled PV plus Storage System ........................................ 44 

Figure 44 ς Storage Charging During Low Cost Overnight Periods ............................................................. 45 

Figure 45 ς LCOE of Nuclear and Natural Gas-Fired Generation ................................................................ 48 

Figure 46 ς Nuclear LCOE Forecast to 2030 ................................................................................................ 49 

Figure 47 ς Combined Cycle Gas Turbine with CCS LCOE Forecast to 2030 ............................................... 49 

Figure 48 ς Nuclear Baseload-Supplied DES LCOE Components ................................................................ 50 

Figure 49 ς Nuclear and DES for Daytime Supply ....................................................................................... 51 

Figure 50 ς Natural Gas-Fired Generation LCOE Comparison .................................................................... 52 

Figure 51 ς Intermittency and Demand Fluctuation Impact on DER Component Use ............................... 54 

Figure 52 ς Relationship Between Wind, Solar, & Community Demand .................................................... 55 

Figure 53 ς Supply Mix Contributions to Ontario Demand ......................................................................... 57 

Figure 54 ς Components of Community Demand ...................................................................................... 58 

Figure 55 ς Daily Supply of Committed Resources ..................................................................................... 58 

Figure 56 ς Average Daily September Community Demand ...................................................................... 59 

Figure 57 ς Daily Solar Output Profile ......................................................................................................... 61 

Figure 58 ς Solar and Storage for Daytime Demand Supply ....................................................................... 62 

Figure 59 ς Solar and Storage System for September 2017 ....................................................................... 62 

Figure 60 ς Solar Capacity Factor Rolling 28-Day Average ......................................................................... 63 

Figure 61 ς Solar Output Comparison by Year ............................................................................................ 64 

Figure 62 ς Solar and Storage System with Unadjusted Gas Peak ............................................................. 65 

Figure 63 ς Solar and Storage System with Gas Averaged as Percent of Demand ..................................... 65 

Figure 64 ς Variations in Daily Wind Output .............................................................................................. 67 

Figure 65 ς Winter Wind Output as a % of Capacity .................................................................................. 68 

Figure 66 ς Hourly Wind Generation .......................................................................................................... 69 

Figure 67 ς Storage Size for Smoothing Wind Intermittency ..................................................................... 69 

Figure 68 ς Integrating Wind and Storage .................................................................................................. 70 

Figure 69 ς Cumulative Stored Wind Energy .............................................................................................. 70 

Figure 70 ς Maximum 28-Day Stored Energy Swing ................................................................................... 71 

Figure 71 ς Wind Output Comparison by Year ........................................................................................... 73 

Figure 72 ς Impact of Intermittency and Demand on DER ......................................................................... 75 

Figure 73 ς Annual Community Daytime Demand Profile .......................................................................... 76 

Figure 74 ς Average Daily Winter Community Daytime Demand Profile ................................................... 76 

Figure 75 ς Average Daily Summer Community Daytime Demand Profile ................................................. 76 

Figure 76 ς Daily March Demand Profile .................................................................................................... 77 

Figure 77 ς Daily May Demand Profile........................................................................................................ 77 

Figure 78 ς Daily September Demand Profile ............................................................................................. 77 

Figure 79 ς Community Daytime Weekly Demand Profile ......................................................................... 78 

Figure 80 ς Yearly Ontario Demand Profile Comparison ............................................................................ 78 

Figure 81 ς Solar and Storage System for September 2017 ....................................................................... 79 

Figure 82 ς Solar-based DER System Behavior ........................................................................................... 81 

Figure 83 ς Required Demand Storage Outflow ......................................................................................... 82 

Figure 84 ς Wind-based DER System Behavior ........................................................................................... 84 

Figure 85 ς Nuclear and Storage System for May....................................................................................... 85 

Figure 86 ς Nuclear Baseload-Supplied DES Behavior ................................................................................ 88 

file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662637
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662638
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662639
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662640
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662641
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662642
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662643
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662644
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662645
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662646
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662647
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662648
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662649
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662650
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662651
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662652
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662653
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662654
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662655
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662656
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662657
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662658
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662659
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662660
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662661
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662662
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662663
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662664
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662665
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662666
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662667
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662668
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662669
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662670
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662671
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662672
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662673
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662674
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662675
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662676
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662677
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662678
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662679
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662680


Renewables DER in Ontario ς Cost & Implications Assessment 
 

xii 

 Final Report ς June 2018 

Figure 87 ς DER Generation Required for Community Daytime Demand .................................................. 90 

Figure 88 ς Intermittency Implications on LCOE of Ontario DER Options .................................................. 93 

Figure 89 ς Ontario vs. U.S. LCOE Comparison Supplying Daytime Demand ............................................. 94 

Figure 90 ς Solar (Community-Scale) Ontario LCOE Components .............................................................. 95 

Figure 91 ς Wind (Grid-Scale) Ontario LCOE Components ......................................................................... 95 

Figure 92 ς Electrical Regions in the U.S. .................................................................................................... 98 

Figure 93 ς Annual Hours of Sunshine ........................................................................................................ 99 

Figure 94 ς Solar (Grid-Scale) LCOE and Capacity Factor .......................................................................... 100 

Figure 95 ς Wind (Grid-Scale) LCOE and Capacity Factor ......................................................................... 101 

Figure 96 ς Total Annual Cost of DER and LCOE Comparison, Ontario, 2030 .......................................... 103 

Figure 97 ς Intermittency Implications on LCOE of Ontario DER Options ................................................ 104 

Figure 98 ς Community Solar-Based DER Component LCOE Contributions ............................................. 105 

Figure 99 ς Grid-Scale Wind + CAES Component LCOE Contributions ..................................................... 108 

Figure 100 ς Nuclear Baseload-Supplied DES Component LCOE Contributions ....................................... 110 

Figure 101 ς LCOE Comparison of DER Solutions ..................................................................................... 111 

Figure 102 ς Ontario vs U.S. DER LCOE Contributions .............................................................................. 112 

Figure 103 ς Solar Capacity Factor Comparison ....................................................................................... 112 

Figure 104 ς Solar Capacity Factor Implications on U.S. Cost Drivers ...................................................... 114 

Figure 105 ς Ontario vs. U.S. Solar-Based DER Cost Implications ............................................................. 114 

Figure 106 ς Average Monthly Wind Capacity Factor .............................................................................. 115 

Figure 107 ς Wind Capacity Factor Implications on U.S. Cost Drivers ...................................................... 116 

Figure 108 ς Ontario vs. U.S. Grid-Scale Wind-Based DER Cost Implications ........................................... 116 

Figure 109 ς Total Annual Cost of DER for Ontario, 2030......................................................................... 118 

Figure 110 ς Ontario vs U.S. DER LCOE Contributions .............................................................................. 120 

 

  

file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662681
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662682
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662683
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662684
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662685
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662686
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662687
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662688
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662689
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662690
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662691
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662692
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662693
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662694
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662695
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662696
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662697
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662698
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662699
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662700
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662701
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662702
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662703
file:///C:/Users/Scott%20Lawson/Dropbox/IRRP%20Support/Distributed%20Energy/Final%20Report/The%20Unfortunate%20Truth%20About%20DER%20-%20Final%20Report%20for%20Review%20June%2013%202018.docx%23_Toc516662704


Renewables DER in Ontario ς Cost & Implications Assessment 
 

xiii 

 Final Report ς June 2018 

List of Tables 

Table 1 ς DER Use Cases by Location .......................................................................................................... 11 

Table 2 ς Direct Benefits of Energy Storage ............................................................................................... 12 

Table 3 ς Ontario Energy Storage Project Summary .................................................................................. 15 

Table 4 ς Lithium-Ion Battery Capital Cost Components ............................................................................ 30 

Table 5 ς Types of Renewables Intermittency and Variable Generation ................................................... 56 

Table 6 ς Solar Constant Demand, System Characteristics ........................................................................ 60 

Table 7 ς Solar Constant Demand, System Performance ........................................................................... 60 

Table 8 ς Wind Constant Monthly Daytime Demand ................................................................................. 65 

Table 9 ς Wind Baseload Demand, System Characteristics ........................................................................ 65 

Table 10 ς Wind Constant Monthly Demand, System Performance .......................................................... 66 

Table 11 ς Wind Baseload Demand, System Performance ......................................................................... 66 

Table 12 ς Wind Constant Monthly Demand for Winter, System Characteristics ..................................... 72 

Table 13 ς Wind Constant Monthly Demand for Winter, System Performance ........................................ 72 

Table 14 ς Wind Constant Monthly Demand, 3 Year Comparison ............................................................. 74 

Table 15 ς Wind Baseload Demand, 3 Year Comparison ............................................................................ 74 

Table 16 ς Comparison of Solar Constant Demand and Full Year Demand Cases ...................................... 80 

Table 17 ς Wind Storage Size Sensitivity Analysis ...................................................................................... 83 

Table 18 ς Comparison of Nuclear Constant Demand and Full Year Demand Cases ................................. 86 

Table 19 ς Sensitivity Analysis Results for Nuclear-Based DER Storage Size .............................................. 86 

Table 20 ς Full Year Demand System Characteristics for DER Options ...................................................... 89 

Table 21 ς Full Year Demand Performance Metrics for DER Options ......................................................... 91 

Table 22 ς Imported Content (%)................................................................................................................ 96 

Table 23 ς Regional Cost Multiplication Factors ......................................................................................... 97 

Table 24 ς Ontario vs. U.S. LCOE of Generation ......................................................................................... 98 

Table 25 ς System Architecture Assumptions for DER Options ................................................................ 102 

Table 26 ς Supply Mix Contribution to Total Ontario Demand ................................................................ 102 

Table 27 ς Factors Impacting Solar-Based DER Costs ............................................................................... 105 

Table 28 ς Factors Impacting Wind-Based DER Costs ............................................................................... 108 

Table 29 ς Factors Impacting Nuclear-Based DER Costs ........................................................................... 109 

Table 30 ς U.S. Solar Capacity Adjustments ............................................................................................. 113 

Table 31 ς U.S. Wind Capacity Adjustments ............................................................................................. 115 



Renewables DER in Ontario ς Cost & Implications Assessment 
 

1 

 Final Report ς June 2018 

1.0 Introduction  

Today, Distributed Energy Resources (DER) are at the center of energy policy discussions around the 

world. DER can include solar panels, electricity storage, small natural gas-fuelled generators, and 

controllable loads such as electric vehicles and water heaters.  These resources are typically connected to 

distribution networks and are smaller in scale than traditional transmission (Tx) grid-connected 

generation facilities that serve most of Ontario demand12. DER that includes renewables coupled with 

storage are advocated as the low-cost, low-emission supply alternative to fossil fuels and the basis for 

adding more intermittent renewables to the supply mix. Three factors have played a critical role in this 

transition: renewables such as wind and solar are now integral parts of the energy mix in many 

jurisdictions; the next generation of these technologies have experienced dramatic cost declines; and, 

Lithium-ion (Li-ion) batteries for energy storage are following a similar cost reduction path. 

DER is recognized as a critical component in the evolution of smart grid innovations. Information and 

communication technology (ICT) innovations in smart control technologies aim to facilitate the integration 

of renewables and storage technologies and enable two new paradigms: (1) a new class of customers: 

ŎƻƴǎǳƳŜǊǎ ŀƴŘ ǇǊƻŘǳŎŜǊǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ όάǇǊƻǎǳƳŜǊǎέύΤ ŀƴŘ όнύ ŎƻƳƳǳƴƛǘȅ-based microgrids and virtual 

power plants. DER connected in a microgrid configuration has the potential to provide dispatch flexibility 

at the local distribution level that natural gas-fired generation currently provides for the Tx grid. 

The LTEP is focused on increasing the adoption of renewables-based DER to achieve several benefits 

enabled by storage: 

άwŜƴŜǿŀōƭŜ ŘƛǎǘǊƛōǳǘŜŘ ƎŜƴŜǊŀǘƛƻƴ Ŏŀƴ ōŜƴŜŦƛǘ local distribution companies (LDCs) and their customers: 

Utilities can defer or avoid certain costly investments in their local distribution networks; and Customers 

can generate and store their own power, lowering bills and ensuring reliable access to electricity when 

ǇƻǿŜǊ ŦǊƻƳ ǘƘŜƛǊ ƴŜǘǿƻǊƪ ƛǎ ƴƻǘ ŀǾŀƛƭŀōƭŜΦέ13 

Several studies undertaken in Ontario have examined how DER could be used to mitigate the electricity 

system challenges resulting from the extensive deployment of renewables over the last decade.14 In 

contrast, this study looks at the emerging capacity gap and examines the economics of how new 

renewables-based DER solutions could fill the supply gap by 2035, explicitly considering the impact of 

intermittency. 

To deliver the benefits expected, DER must supply either the daytime energy demand profile or the 

ōŀǎŜƭƻŀŘ ŘŜƳŀƴŘ ǇǊƻŦƛƭŜ ǊŜǉǳƛǊŜŘ ōȅ hƴǘŀǊƛƻΩǎ ŦǳǘǳǊŜ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳΦ Baseload-supplied distributed 

energy storage (DES) is an alternative approach that consists of grid-connected baseload generation such 

as nuclear or hydro that supplies community level distributed storage. This latter baseload-supplied DES 

option represents a pathway to a low carbon economy that has received little attention in the climate 

change and DER discourse.  

                                                           
12 IESO website 
13 MoE, LTEP, 2017, pg. 68 
14 IESO, Energy Storage, 2016; Essex, 2017 
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The implications of DER scenarios are examined across four factors, with specific attention paid to the 

impacts that renewables intermittency has on storage:  

1. The total costs of renewables-based DER solutions in Ontario;  

2. Potential for wind and solar renewables-based DER to fill the capacity gap and supply the 

forecasted demand;  

3. How those costs compare to baseload-supplied DES resources; and  

4. How costs may differ between Ontario and the U.S.  

 

1.1 Background 

hƴǘŀǊƛƻΩǎ [¢9t ƛŘŜƴǘƛŦƛŜǎ ŀ ƎǊƻǿƛƴƎ ŎŀǇŀŎƛǘȅ ƎŀǇ ƛƴ the province, as illustrated in Figure 115. By 2035, 30% 

ƻŦ hƴǘŀǊƛƻΩǎ ƎŜƴŜǊŀǘƛƻƴ ŎŀǇŀŎƛǘȅ ǿƛƭƭ ƘŀǾŜ to be renewed or replaced16. The most significant declines in 

available capacity occur in 2023/2025 and 2029/2030. 

The change in the 2023/2025 timeframe is due to the retirement of the Pickering Nuclear Generating 

Station (PNGS). This will remove approximately 20% of nuclear baseload supply from OntarioΩs supply mix 

creating a future need for a baseload supply replacement. It will also create the need for greater voltage 

regulation services east of Toronto.17 

 

The remaining contributions to the capacity gap, including the large change in 2029/2030, are due to the 

gradual expiration of the20-year supply contracts for renewables and gas-fired generation. Much of this 

ǎǳǇǇƭȅ ŀŘŘǊŜǎǎŜǎ hƴǘŀǊƛƻΩǎ ŘŀȅǘƛƳŜ ŘŜƳŀƴŘ ǇǊƻŦƛƭŜ ŀƴŘ ǇŜŀƪ ǊŜǎŜǊǾŜ requirements. This includes the 

                                                           
15 Figure extracted from the 2017 LTEP 
16 One of the criticisms of the 2017 LTEP is that it did not address any demand expectations that may arise from 
emissions reduction. Should there be appreciable demand growth as has been forecasted by many, then additional 
capacity will be required beyond what is shown in Figure 1. 
17 IESO, Energy Storage, 2016, p.29 

Figure 1 ς hƴǘŀǊƛƻΩǎ tŜŀƪ {ǳǇǇƭȅ ŀƴŘ 5ŜƳŀƴŘ hǳǘƭƻƻƪ 
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ŜȄǇƛǊŀǘƛƻƴ ƻŦ ǘƘŜ ŎƻƴǘǊŀŎǘ ŦƻǊ hƴǘŀǊƛƻΩǎ ƻƴƭȅ ǇŜŀƪƛƴƎ Ǝŀǎ Ǉlant capable of ramping up quickly enough to 

ƳŜŜǘ hƴǘŀǊƛƻΩǎ ŦƭŜȄƛōƭŜ ǎǳǇǇƭȅ ǊŜǉǳƛǊŜƳŜƴǘǎΦ18  

The existing and committed resources identified in Figure 1 that remain in 2035 are primarily low 

emission, low cost assets and include: hƴǘŀǊƛƻΩǎ ƘȅŘǊƻ ŦƭŜŜǘ, refurbished nuclear, and biomass. Along with 

the import/export energy exchange capability with Hydro Quebec, these resources provide Ontario with 

a low-carbon, flexible baseload capability. 

Figure 2 contrasts the average cost of the committed baseload resources at $66/MWh against the average 

cost of the expiring assets at $223/MWh19. The expiring assets reflect high cost resources. Ontario has an 

opportunity to switch out these high cost resources and replace them with lower cost options.  

 

With respect to committed resources, nuclear refurbishment is the single largest asset renewal 

component of the 2017 LTEP. The Financial Accountability Office of Ontario (FAO) has estimated that the 

cost of the refurbished nuclear will be $80/MWh when the program is completed20, a 15% increase over 

the cost of nuclear today. The cost of refurbished nuclear represents a benchmark for the total generation 

cost to provide baseload power. It also offers a reference by which DER applications that would supply a 

baseload equivalent can be measured for their impact on the cost of power assumptions in the LTEP. A 

cost of $223/MWh is assumed for supplying the rest of hƴǘŀǊƛƻΩǎ ŘŜƳŀƴŘ ǊŜǉǳƛǊŜƳŜƴǘǎ and is a 

benchmark for comparing the cost-effectiveness of deploying DER solutions to supply the provinceΩs 

daytime demand. 

The LTEP identifies three broad initiatives intended to help find lower cost options to replace the expiring 

contracts: 

1. Independent Electricity System Operator (IESO) Market Renewal Initiative 

                                                           
18 York Energy Center per IESO Report: Energy Storage, 2016, p.25 
19 OEB RPP, 2017 
20 FAO Nuclear Refurbishment, 2017 

Figure 2 ς .ƭŜƴŘŜŘ /ƻǎǘ ƻŦ hƴǘŀǊƛƻΩǎ 9ƴŜǊƎȅ {ǳǇǇƭȅΣ нлмс 
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2. LDC Grid Modernization  

3. Integrated Regional Resource Plans (IRRP) 

The latter two initiatives both support and enable renewables-based DER and instruct the Ontario Energy 

Board (OEB) to develop regulations that price these options to accelerate their adoption. 

The LTEP places significant emphasis and reliance upon renewables-based DER to address this supply gap 

and recognizes that storage is required to mitigate the effects of the intermittent electricity production 

from wind and solar generation.  The LTEP is focussed on increasing the adoption of renewables-based 

59w ǘƻ ŀŎƘƛŜǾŜ ǎŜǾŜǊŀƭ ōŜƴŜŦƛǘǎ ǘƘŀǘ ŀǊŜ ŜƴŀōƭŜŘ ōȅ ǎǘƻǊŀƎŜΥ ǳǘƛƭƛǘƛŜǎ Ŏŀƴ ŘŜŦŜǊ ƻǊ ŀǾƻƛŘ άǿƛǊŜǎέ 

ƛƴǾŜǎǘƳŜƴǘǎ ǘƘǊƻǳƎƘ άƴƻƴ-ǿƛǊŜǎέ 59w ǎƻƭǳǘƛƻƴǎΤ ŀƴŘ ŎǳǎǘƻƳŜǊǎ Ŏŀƴ ƎŜƴŜǊŀǘŜΣ ǎǘƻǊŜ ŀƴŘ ǎŜƭƭ ǘƘŜƛǊ ƻǿƴ 

power, and ensure their own reliable electricity, both during times of peak demand and during power 

outages. Yet, the degree to which the variable nature of wind and solar generation impacts the ability of 

storage to provide these benefits is not well understood. The focus of this report is to assess the ability of 

renewables-based DER to cost-effectively address hƴǘŀǊƛƻΩǎ ǇŜƴŘƛƴƎ capacity gap. 

 

1.2 Structure of this Document 

The body of this report consists of six main sections. 

Section 2.0 provides a brief overview of the methodology deployed in researching costs and modelling 

hƴǘŀǊƛƻΩǎ ŦǳǘǳǊŜ ŜƴŜǊƎȅ ǎȅǎǘŜƳΦ 

Section 3.0 examines the DER promise of expected benefits, introduces the definitions of possible DER 

locations, summarizes sample technologies that are being deployed, describes the demand conditions 

that DER should be expected to solve, and defines what DER concepts are examined.  

Section 4.0 addresses the perception in the public domain that renewables and storage costs are declining 

so rapidly that they will be the best economic choice of all generation options. This section presents the 

research findings that quantify what the expected future costs of renewables and storage technologies 

are expected to be. The implications for integrating solar and wind technologies with storage in the DER 

concept are described. The concepts that are currently being used to establish economic viability of 

renewable-based DER are summarized. The expected costs for conventional technologies are also 

presented. 

Section 5.0 examines the nature of the intermittency of renewables and the associated implications on 

the use of storage. The nature of demand fluctuations is also described along with the implications on the 

use of storage for both renewables-based DER as well as baseload-supplied DES. 

Section 6.0 interprets the U.S. dollar cost forecast for DER technologies and applies that to the Ontario 

situation. The unique cost implications of ǊŜƴŜǿŀōƭŜǎΩ intermittency in Ontario on the DER options are 

explored along with the impact of hƴǘŀǊƛƻΩǎ ŜȄǇŜŎǘŜŘ future demand fluctuations. The ability of the 

DER/DES options to supply the needed future demand is summarized. The cost implications are compared 

ŦƻǊ ǘƘŜ 59w ƻǇǘƛƻƴǎ ŦƻǊ hƴǘŀǊƛƻΩǎ ƭƻǿ-emission supply mix. 

Finally, Section 7.0 summarizes the findings and offers several observations. 
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2.0 Methodology  

The following steps were taken to establish the basis for the findings in this report: 

1. Establishing the Ontario context for DER and the associated options. 

2. Identifying the global consensus on future cost expectations for renewables and storage. 

3. Analyzing the impact of the intermittency of renewables and demand fluctuations ƻƴ hƴǘŀǊƛƻΩǎ 

DER options. 

9ǎǘŀōƭƛǎƘƛƴƎ hƴǘŀǊƛƻΩǎ 59w ŎƻƴǘŜȄǘ 

The 2017 LTEP provides ǘƘŜ ŦƻǳƴŘŀǘƛƻƴŀƭ ǇŜǊǎǇŜŎǘƛǾŜ ŦƻǊ hƴǘŀǊƛƻΩǎ Ǉƭŀƴǎ ǘƻ ƭŜǾerage renewable-based 

DER, ƛƴŎƭǳŘƛƴƎ ǘƘŜ ŦƻǊŜŎŀǎǘ ƻŦ hƴǘŀǊƛƻΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ōŜ ǊŜƴŜǿŜŘ ŀƴŘ κƻǊ ǊŜǇƭŀŎŜŘΦ ¢ƘŜ IESO defined the 

impacts of DER and storage challenges for the operation of the Tx system, and the Ontario Ministry of 

Energy (MoE) subsequently commissioned a study on the potential benefits of storage for the province.   

Forecasting Future Costs 

Several sources were drawn upon to develop a consensus on the future costs of generation, renewables 

and storage. The approach taken for this study was generally to accept the most aggressively low-cost 

forecast for the renewables and storage available. The purpose of embedding a low-cost bias in this 

ǎǘǳŘȅΩǎ assumptions was to underscore the significance of the resulting high total system costs after taking 

into account the impact of intermittency. This represents a conservative approach.   

Generation costs were obtained from three U.S based sources published in 2017: 

1. U.S. Energy Information Administration (EIA) 2017 Annual Energy Outlook (AEO)  

¶ The EIA bases its forecasts on actual projects and applies an economy of scale function for 

lessons learned approach to estimate future costs to 2050. 

¶ ¢ƘŜ ǇǊƛƳŀǊȅ 9L! ǊŜŦŜǊŜƴŎŜ ǿŀǎ ǘƘŜ άLevelized Cost and Levelized Avoided Cost of New 

Generation Resourcesέ in the 2017 AEO. 

¶ The research also drew upon reports that the EIA commissioned to support its 2017 AEO 

estimates for small solar and wind applications. 

Á Distributed Generation and Combined Heat & Power System Characteristics and 

Costs in the Buildings Sector, 2017 (prepared by Leidos). 

2. U.S. National Renewable Energy Laboratory (NREL) 2017 Annual Technology Baseline (ATB) 

¶ The NREL mandate is to keep at the forefront of technology development in this space. 

3. LazardΩǎ Levelized Cost of Energy Analysis ς Version 11.0 

¶ Lazard surveys developers of technologies for their expectations on costs, both recent and for 

the next five years. 

Storage cost forecasts were derived and validated based on four sources: 

1. ¢ƘŜ ǇǊƛƳŀǊȅ ǎƻǳǊŎŜ ǿŀǎ [ŀȊŀǊŘΩǎ Levelized Cost of Storage (LCOS) 3.0.  

¶ The earlier version, LCOS 2.0, was also consulted, as it provided estimates for pumped storage 

and compressed air energy storage (CAES).  

¶ As Lazard only provides directional long-term forecasts, the forecast used in this study was 

developed based on a review of industry commentaries, insights, and other proxies. 
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2. Several secondary NREL research reports were also consulted to understand component costs and 

the opportunities that may arise when integrating solar with storage. 

3. The results of the forecasts used here were then compared to forecasts from the 2018 Green Tech 

Media (GTM)21 and the 2017 International Renewables Energy Agency (IRENA) reports to validate that 

the 2030 values used in this report were also lower than forecasts from these sources. 

Analysing Intermittency 

To conduct the intermittency analysis, IESO data was obtained for the years 2015 through to 2017. This 

data included: 

1. Generation output by hour, for all Ontario generation including wind and solar. 

¶  Wind and solar data was obtained for both before and after curtailment. 

2. Demand data for 2015 through to 2017. 

To assess the implications of demand fluctuations on DER solutions, the 2017 LTEP was consulted to define 

incremental assumptions to be added to the IESO 2016 Ontario Planning Outlook (OPO) low growth 

demand Outlook B scenario. From these sources, a detailed hourly forecast was developed for 2035. 

Separate simulations were conducted for wind-based DER, solar-based DER, and nuclear baseload-

supplied DES options. Assumptions were made on how to size the storage for each case to best illustrate 

the impacts of intermittency. High level sensitivity assessments were conducted to illustrate the impact 

of storage capacity. There are many parameters that could be tuned to optimize an actual 

implementation. However, the results described in this report suggest that fine tuning is not expected to 

materially change the relative outcomes of the scenarios.  

Benchmark data was obtained for U.S. jurisdictions from the EIA and Lazard to assess capacity factor 

differences between the U.S. and Ontario. These capacity factor differences form the basis for projecting 

relative impacts from intermittency. 

  

                                                           
21 GTM, 2018 
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3.0 Distributed  Energy Resources Capabilities and Applications  

DERs are being viewed as a potential game changer with respect to how future electricity systems are 

planned and developed22. !ŎŎƻǊŘƛƴƎ ǘƻ hƴǘŀǊƛƻΩǎ L9{h23, DERs are: 

άΧelectricity-producing resources or controllable loads that are directly connected to a local 

distribution system or connected to a host facility within the local distribution system. 

DERs can include solar panels, combined heat and power plants, electricity storage, small-natural 

gas-fuelled generators, electric vehicles and controllable loads, such as heating/cooling systems 

and electric water heaters.  These resources are typically smaller in scale than the traditional 

ƎŜƴŜǊŀǘƛƻƴ ŦŀŎƛƭƛǘƛŜǎ ǘƘŀǘ ǎŜǊǾŜ Ƴƻǎǘ ƻŦ hƴǘŀǊƛƻ ŘŜƳŀƴŘΦέ 

DER that includes renewables coupled with storage are advocated as the low-cost, low-emission supply 

alternative to fossil fuels and the basis for adding more intermittent renewables to the supply mix. Three 

factors have played a critical role in this transition: renewables such as wind and solar are now integral 

parts of the energy mix in many jurisdictions; the next generation of these technologies have experienced 

dramatic cost declines; and, Lithium-ion (Li-ion) batteries for energy storage are following a similar cost 

reduction path. 

Many proponents of renewables-based DER also advocate that DER represents an alternative to nuclear. 

Conventional power stations, such as coal-fired, gas and nuclear-powered plants, as well as hydroelectric 

dams and large-scale solar power stations, are centralized and often require electric energy to be 

transmitted over long distances. By contrast, DER systems are decentralized, modular and flexible 

technologies, that are located close to the load they serve, typically with capacities of 10 megawatts (MW) 

or less. These systems can comprise multiple generation and storage components.  In contrast, many 

believe that nuclear must play a significant role in reducing emissions from the production of energy, in 

particular for 24x7 baseload supply. The hyperbole around DER falls into two categories: 

1. The degree to which distributed storage can be coupled with renewables to mitigate 

intermittency and enable more renewables; and, 

2. The degree to which DER can provide broad system benefits beyond just smoothing intermittency. 

This section summarizes the DER promise, the types of DER installations that have been identified in the 

literature, the demand profiles that DER should respond to, and examples of DER technologies that have 

been considered. This section concludes with a definition of the DER options that are contrasted in the 

costing and intermittency assessments of this report. 

 

3.1 The DER Promise 

The DER promise is that distributed energy production, coupled with appropriate amounts of storage, can 

provide several benefits to both the electricity system and to consumers, as summarized in Figure 324.  

                                                           
22 IESO Energy Storage, 2016; MoE, LTEP, 2017 
23 IESO website 
24 Siemens 2011; LTEP 2017; CPI 2017; Massachusetts Energy Storage Initiative, 2016; Lazard LCOS v3.0; Mowat 
2017 
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System benefits are mostly enabled by the capabilities of storage and fall into two main categories: 

1. Increased Grid Flexibility, Resiliency and Reliability 

¶ Among the sought-after benefits for grid reliability, where high renewables are deployed or 

desired, is the potential for distributed storage to allow for easier integration of intermittent 

renewable generation. 

o According to the IESO25, energy storage can be used to ŜƴƘŀƴŎŜ ǘƘŜ ƎǊƛŘΩǎ ŀōƛƭƛǘȅ ǘƻ 

manage the influx of variable renewable generation in the following areas: load 

following, ramping and dispatch flexibility; regulation; Tx voltage control; operating 

reserve; and zonal limitations. The IESO also recognizes that storage is not the only 

available option for addressing these operating challenges. 

¶ Decentralizing energy generation and storage would also leave the grid less vulnerable to local 

or system-wide disruptions or centralized cyber attacks and also supports quicker local 

energizing of the distribution system following a blackout26. However, energizing the higher 

voltage Tx system requires substantial reactive power support be available on-line at both 

ends of long Tx lines suggesting DER solutions, may have limited benefit. 

¶ Distributing storage and generation resources throughout the grid, among and closer to user 

demand centres should allow for better response to localized demand fluctuations.  

2. Increased Asset Capacity Factors for Generation, Tx, and Distribution (Dx) 

¶ DER has the potential to provide a local demand management function that can smooth out 

the magnitude of electricity demand peaks that are imposed upon the grid. By doing so, DER 

                                                           
25 IESO Energy Storage, 2016 
26 Essex Energy, 2017 

Figure 3 ς 59wΩǎ tǊƻƳƛǎŜŘ .ŜƴŜŦƛǘǎ ǘƻ ǘƘŜ 9ƭŜŎǘǊƛŎƛǘȅ {ȅǎǘŜƳ ŀƴŘ /ƻƴǎǳƳŜǊǎ 
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can reduce the capacity requirements for the grid and hence, if the same energy is delivered, 

increase the capacity factors of generation, Tx and potentially Dx assets in the bulk electricity 

system. 

¶ Increasing the capacity factor of the delivery systems reduces the fixed capacity costs and the 

effective per MWh electricity rates.  

¶ By potentially reducing the peak reserve margin requirements, DER can reduce the cost of 

reserve capacity that is very infrequently used. 

¶ The ability to more efficiently size generation, Tx, and Dx assets to best meet energy demand 

lowers the fixed costs of capacity. Installed capacity represents the lionΩǎ share of costs in a 

low emission electricity system because fuel costs are low or zero.  Reducing capacity 

improves the cost-effectiveness of the entire system. 

Consumer benefits fall into three categories of interest: 

1. Reducing Energy Bills Through System Benefits 

¶ System benefits of DER impact consumers through their energy bills. The ability of DER to help 

optimize system capacities will reduce the effective delivery infrastructure costs that are paid 

for by the consumer. 

¶ By locating generation closer to the consumer, electricity losses during delivery to consumers 

would be reduced.  

2. Generate Revenue for Customers with DERs 

¶ For consumers that have rooftop solar panel based DER systems, experience shows that the 

electricity output does not generally match the consumerΩǎ ŜƴŜǊgy use. The ability to sell the 

excess energy back to the grid allows the consumer to recover some of the costs of the 

installation. Net metering is one example of how such revenue opportunities can be enabled. 

Unfortunately, most pricing incentives that promote the deployment of high cost residential 

generation systems are subsidies that increase the costs for other ratepayers. This is discussed 

in Section 4.4. 

¶ Storage, on its own, creates the opportunity for consumers to charge the storage when retail 

rates are low, such as at night, and then discharge the energy back to themselves or the 

system when retail rates are higher. Effectively, consumers can participate in retail pricing 

arbitrage and benefit from low cost electricity. The pricing arbitrage also offers benefits to 

the system to the extent that peak demand shaving can be consistently achieved as illustrated 

in Figure 427. 

3. Emergency Backup Generation 

¶ Some consumers feel the need to have an emergency backup electricity supply for when 

unexpected outages occur on the bulk electricity system. Such backup capability can be 

provided by the storage capability of DER. Since diesel backup generators are relatively costly 

and environmentally unfriendly, this DER benefit may be important to those customers 

wanting emergency backup. However, electrical storage would typically be configured with a 

shorter backup run-time than diesel generators due to the higher cost. 

                                                           
27 Massachusetts Energy Storage Initiative, 2016 
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3.2 Locational Considerations for DER 

DER can be deployed at many different points within the electricity system. As shown in Figure 528, 

locational options fall into two categories: in front of the meter; and behind the meter. In either case, 

installations can vary significantly in scale. Residential and commercial DER opportunities are referred to 

as άōehind the meterέ, as they are installed on consumer premises and are not metered by the utility.  

These installations are typically very small, with a capacity on the order of 1 to 5 kW for a single home but 

could be up to 300 kW for commercial applications. In the case of storage, the amount of stored energy 

typically provides only a few hours of rated capacity. 

άIn front of the meterέ applications involve solutions that would typically be managed by the LDC. These 

solutions range in size from smaller community installations to large-scale Dx installations. A small 

community installation would typically serve 1,000 homes with 1 MW to 1.5 MW of generation capacity. 

A larger Dx scale installation would be optimized around the Dx substations to help smooth peak demands 

and would serve larger communities of 10,000 homes for example.   

The largest scale resources are high voltage grid connected resources typically in excess of 30 MW, which, 

by definition, are not usually considered to be DER.  

  

                                                           
28 Definitions adapted from Lazard LCOS v3.0 

Figure 4 ς DER Potential for Peak Shaving 
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System benefits from DER vary with location as summarized in Table 129.  

 

Table 1 ς DER Use Cases by Location 

DER Location Description and Use 

F
ro

n
t-o

f-
M

e
te

r 

Community 
Supports community or small power systems that can have some independence 
from the broader power grid. Could also provide ramping support to enhance 
system stability and increase reliability of service. 

Distribution 
Typically placed at substations or distribution feeders controlled by utilities to 
defer distribution upgrades. May also provide flexible peaking capacity and 
mitigate stability problems.  

Grid 
Large-scale energy system designed to replace peaking gas turbine facilities and 
the reliability services they provide. Can be brought online quickly to meet rapidly 
ramping demand for power at peak and taken offline quickly as power demand 
diminishes.  

B
e
h

in
d

 t
h

e
 M

e
te

r 

Residential 
Behind-the-meter residential use to provide backup power and extend the 
usefulness of self-ƎŜƴŜǊŀǘƛƻƴ όŜΦƎΦΣ άǎƻƭŀǊ Ǉƭǳǎ ǎǘƻǊŀƎŜέύΦ {ƳƻƻǘƘǎ ǘƘŜ ǉǳŀƴǘƛǘȅ ƻŦ 
electricity sold back to the grid from distributed solar PV applications. 

Commercial Behind-the-meter peak shaving and demand charge reduction services for 
commercial energy users. Option to provide grid services to the utility. 

Table 1 ς DER Use Cases by Location 

                                                           
29 Paraphrased from Lazard LCOS v3.0 

Figure 5 ς DER Opportunities by Location 
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The Ontario MoE commissioned a study30 to evaluate the economics of using storage based on the value 

elements of the DER promise. The study focused on the near-term value of DER ŦƻǊ hƴǘŀǊƛƻΩǎ current 

extensive deployment of renewables and the associated system challenges identified by the IESO. The 

possible value of DER that could be obtained from different types of installations at different locations is 

summarized in Table 231. 

Table 2 ς Direct Benefits of Energy Storage 

 Distributed Connected Energy Storage Location 

 Lazard/IRENA Framework Grid Distribution Community 
Residential/ 

Commercial 

Benefits 

Category 
Currently Monetizable Benefits 

At Tx 

Station 

Middle of 

Feeder 

End of 

Feeder 

Behind 

Meter 

System 

Non-Spinning Reserve Availability ṉ ṍ ṍ ṍ 

Spinning Reserve Availability ṉ ṍ ṍ ṍ 

Reserve Activation ṉ ṍ ṍ ṍ 

Power Quality Improvement ṉ ṉ ṉ ṉ 

Frequency Regulation ṉ ṉ ṉ ṍ 

Voltage Control ṍ ṉ ṉ ṍ 

Black Start ṉ ṉ ṍ ṍ 

Asset 

Optimization 

Distribution System Upgrade Avoidance ṉ ṉ ṉ ṍ 

New Generation Capacity Avoidance ṉ ṉ ṉ ṍ 

Reduce Dispatching of Peaker Facilities ṉ ṉ ṉ ṉ 

Consumer 
Price 

Wholesale Market Arbitrage ṉ ṉ ṉ ṍ 

Retail Market Arbitrage ṍ ṍ ṍ ṉ 

Global Adjustment Charge Reduction 
(Class A) ṍ ṍ ṍ ṍ 

Consumer Redundant Power Supply (Reliability) ṉ ṉ ṉ ṍ 
Table 2 ς Direct Benefits of Energy Storage 

9ǎǎŜȄΩǎ report identified that grid-scale applications located at the Tx/Dx Interface offer the most benefits. 

This is because grid-based wind intermittency reliability issues occur at this interface. Since 85% of the 

installed wind in Ontario is connected to the Tx system, mitigating the impacts of variable generation is 

best managed, as close to the generation source, as possible. From a Dx system perspective, the Tx/Dx 

interface is the connection to the variable generation. The reverse is true for solar, which has been 

predominantly installed at individual residences in Ontario. 9ǎǎŜȄΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ŀŘŘǊŜǎǎƛƴƎ ǘƘŜǎŜ 

challenges with DER is defined here as άƛƴǘŜǊƳƛǘǘŜƴŎȅ ƳŀƴŀƎŜƳŜƴǘέΦ 

                                                           
30 Essex Energy, 2017 
31 Recreated from Essex 2017 report to regroup rows into the broader categories used in this report. 
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In contrast, the approach taken in this report looks at how to best meet demand through renewables-

based DER. From that perspective, the concept of renewables-based DER entails co-locating the storage 

with the generation, such as with behind the meter applications. Co-location is inherently designed to 

mitigate the intermittency effects of the generation, but also delivers a broader άdemand mŀƴŀƎŜƳŜƴǘέ 

function by ensuring the DER produces an output to meet consumer demand in a specific area. Effective 

consumer demand management should flatten the load presented back to the Dx and Tx systems, 

achieving the maximum asset optimization benefit. 

To maximize the demand management benefits of DER and optimize system capacity factors, solutions 

are best located as close as possible to the user demand. For demand management purposes, the 

following expectations arise: 

¶ Grid based solutions are likely to offer little Tx and Dx benefit as the purpose of grid-based DER 

would be to mimic the capability of gas-fired generation plants to meet the demand on the grid. 

Some avoided line loss benefits may be realized if their grid locations are closer to the demand 

centres than heritage generation sites.  

¶ Dx scale installations would smooth out grid demand but offer little benefit to the Dx networks 

downstream where peak requirements remain driven by consumer behavior.   

¶ When DER is implemented at the community level or behind the meter, the demand management 

or levelling function is better positioned to maximally optimize the entire delivery system 

infrastructure. 

 

3.3 Future Demand for DER Output Capabilities 

Many of the benefits of DER for smoothing peak demand to optimize delivery infrastructure have been 

articulated. However, in order to meet the capacity gap challenges that are emerging in Ontario, DER 

solutions should be expected to supply one of two components of user energy demand: 

1. Daytime demand to mitigate the need to renew or replace expired gas plant operations. 

2. Baseload demand to replace the 3,000 MW gap when the PNGS retires in 2024. 

The two profiles, illustrated in Figure 6, reflect the requirements for a DER system that best supports 

hƴǘŀǊƛƻΩǎ electricity system needs and yields the desired benefits.  

Since renewable outputs are determined by the natural energy supply (wind, sun or water) and are only 

dispatchable to the extent that the wind is blowing, the sun shining and water is available, these resources 

are to a significant extent uncontrollable. These means storage systems are required to provide the output 

that meets energy user demands across the entire electricity system.   
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To provide a baseload function, storage must smooth intermittent renewables at a lower cost than low 

emission baseload generations such as nuclear or hydro, or even natural gas with carbon capture and 

storage.   

For renewables-based DER solutions to supply daytime demand, the requisite storage for managing 

intermittency must be enhanced to also manage demand fluctuations. With a baseload-supplied DER 

solution, the storage function must only manage the demand fluctuations. Section 5 discusses the nature 

of intermittent renewables and quantifies the implications of supplying the required demand. 

 

3.4 Candidate DER Technologies 

Several storage technology demonstrations have been deployed in the marketplace. These provide 

examples for the concepts modelled in this report: 

¶ Li-ion batteries coupled with solar to emulate a natural gas peaker system 

¶ Pumped hydro storage coupled with either hydro or wind resources 

¶ CAES coupled with wind resources 

A summary of storage technologies that are being piloted in Ontario is provided in Table 332. 

Table 3 ς Ontario Energy Storage Project Summary 

Project Technology Capacity Benefits 

POWER.HOUSE Li-ion Battery 228 kWh Redundant power supply 

Penetanguishene Microgrid Battery  500 kWh  Redundant power supply 

Pan Am Games 2015   100 kVA, 125kWh  Load shifting 

                                                           
32 Reproduced from Essex Energy, 2017 

Figure 6 ς hƴǘŀǊƛƻΩǎ /ŀǇŀŎƛǘȅ DŀǇ ς Supply Needed for 
Baseload and Peak Demand Profiles 
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Hydrostor - Toronto  CAES  Varies  Distribution line decongestion 

eCAMION ς Toronto Hydro Li-ion battery  25 kW, 16 kWh  Infrastructure support 

eCAMION - Toronto  Li-ion battery  500 kW, 250 kWh  Infrastructure support 

NRStor - Minto  Flywheel  ±2 MW, 500 kWh  Frequency regulation 

HONI ς Clear Creek  Flywheel  ±5 MW, 500 kWh  Voltage control 

Opus One - DEMSN  Battery   
Voltage support, generation 

integration 

RES Canada - Strathroy  Li-ion battery  4 MW, 2.6 MWh  Frequency regulation 

NEDO ς Oshawa  Li-ion battery  10 kWh  Load levelling 

Convergent Energy ς  
Sault Ste. Marie 

Li-ion battery  7 MW  Reliability 

Hydrogenics  Power-to-Gas  2 MW  Frequency regulation 

Ameresco ς Phase II  Solid Battery  (2x) 2 MW, 8 MWh  Peak shaving 

Baseload Power ς Phase II Flow Battery  2 MW, 8 MWh  Grid support and arbitrage 

NextEra ς Phase II  Solid Battery  2 MW, 8 MWh  Grid support and arbitrage 

NRStor Inc. ς Phase II  CAES  1.75 MW, 7 MWh  Grid support 

SunEdison ς Phase II  Flow Battery  
1 MW, 4 MWh 

(2x) 2 MW, 8 MWh 
Grid support 

Table 3 ς Ontario Energy Storage Project Summary 

Examples of underlying DER concepts and applications include: 

a) ArizonaΩǎ 9ȄǇŜǊƛŜƴŎŜ ǿƛǘƘ Solar and Storage  

One of the major benefits of pairing batteries with solar power is to fix the mismatch between patterns 

of solar generation and demand. The demand peaks of the morning and evening in Arizona bookend 

midday peak solar generation. Arizona, at times, has too much solar generation and has little need for 

additional generation with the same profile. 

Tucson Electric signed a power purchase agreement (PPA) with First Solar for a solar plus battery peaker 

system in February 201833. The peaker system has been contracted to provide up to 50 MW of power 

between 3pm and 8pm. The cost of this system is expected to be competitive with existing gas peaker 

plants when completed in 2021. The storage system will be paired with a new 65 MW solar plant and be 

able to store 135 MWh for almost 3 hours of discharge duration. 

b) Ontario Power Generation (OPG) Niagara Falls Pumped Storage 

                                                           
33 GreenTech, 2018 
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OPG has a pumped hydro station next to the Sir Adam Beck hydro power complex, both of which are 

adjacent to the Niagara River. Water is pumped into a reservoir at night when demand and electricity 

prices are low. Filling the reservoir can take up to 8 hours. During high demand, water can be released to 

flow through turbines at the Sir Adam Beck Complex providing up to 174 MW of capacity.34 The station 

has a unique cascade configuration made possible by the unique geography of Niagara Falls and the 

Niagara Escarpment. The effective power swing is several times greater than the power capacity of the 

pumped storage facility. 

c) Germany Integrated Wind Farm and Pumped Hydro Storage35 

Large wind turbines in Gaildorf, Germany are connected to a nearby hydro pumped storage facility and 

store water within the towers themselves as illustrated in Figure 7.  

Water from the turbines can be released and channeled into a hydro power station below when needed. 

Each of four 180-meter-high, 3.4 MW wind turbines can store up to 70 MWh of water pumped up from a 

nearby lake. Stored water is equivalent to over 20 hours of full capacity wind generation. With wind blades 

of over 60 Meters, these large grid-scale facilities are almost 80 stories high, larger than most skyscraper 

office towers in the worldΩs major cities. 

 

 

d) Toronto Hydro Compressed Air Energy Storage 

Toronto Hydro is working with Hydrostor Inc. to analyze the electrical grid benefits of underwater CAES36. 

The world's first system has now been installed in Lake Ontario. ¢ƘŜ Ǉƛƭƻǘ ǇǊƻƧŜŎǘ ǿƛƭƭ ŦƻŎǳǎ ƻƴ ǘƘŜ ǳƴƛǘΩǎ 

ability to provide reserve power, shift load and smooth out Tx and Dx congestion. The system is designed 

to store excess electricity generated during low-demand off-peak hours by driving compressed air into 

                                                           
34 OPG, 2018 
35 Dvorak, 2017 
36 Toronto Hydro, 2018 

Figure 7 ς Wind Turbine System Illustrated 
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a flexible wall air accumulator below the lake's surface. When the energy is required, the system is 

reversed. 

e)  NRStor-Hydrostor Goderich CAES Demonstration Project37 

This energy-storage facility with a four-hour discharge capability would provide energy to help the Ontario 

electricity grid meet peak demand. The expected value for ratepayers is more efficient integrated wind-

generated electricity and load levelling. Grid operators need flexible resources to offset errors in wind and 

solar forecasting. 

The 1.75 MW, 7 MWh CAES facility will use proprietary technology to store electricity in the form of 

ŎƻƳǇǊŜǎǎŜŘ ŀƛǊ ŀƴŘ ƘŜŀǘΦ bw{ǘƻǊΩǎ ƴƻǾŜƭ ǎƻƭǳǘƛƻƴ ǳǘƛƭƛȊŜǎ ŀƴ ŜȄƛǎǘƛƴƎ ōŜŘŘŜŘ ǎŀƭǘ ŎŀǾŜǊƴ ŀǎ ŀ ǎǘƻǊŀƎŜ 

cavity. The project is expected to demonstrate the success of fuel-free CAES, creating market 

opportunities for Canadian companies to globally deploy locally developed technology. 

 

3.5 DER Scenarios 

The scenarios chosen for this study are: 

1. Solar-based DER: Community-scale solar integrated with Li-ion battery storage  

¶ This is one of the most prevalent architectures discussed in the literature. 

¶ Stakeholder interviews conducted by the Essex study identified the 1 MW community scale 

as the most likely form of distributed storage.38 

¶ This option offers the best opportunity for optimising system capacity benefits and has 

storage costs comparable to larger scale installations. 

2. Wind-based DER: Grid-based wind coupled with CAES 

¶ For the majority of jurisdictions, only grid-scale wind is expected to be a viable economic 

option (see Section 4.0).39 Small-scale wind has relatively excessive land use implications, 

even at small scale.40 ¢ƘŜ ǇƭŀƴƴŜŘ aƻ9Ωǎ ƴŜǘ ƳŜǘŜǊƛƴƎ ǎƛǘƛƴƎ ǊŜǎǘǊƛŎǘƛƻƴǎ ǿƛƭƭ ŜŦŦŜŎǘƛǾŜƭȅ ƳŀƪŜ 

ǎƳŀƭƭ ǎŎŀƭŜ ǿƛƴŘ ƛƴŜƭƛƎƛōƭŜ ŦƻǊ hƴǘŀǊƛƻΩǎ ǊŜǎƛŘŜƴǘƛŀƭ ƴŜǘ ƳŜǘŜǊƛƴƎ ǇǊƻƎǊŀƳΦ41 

¶ CAES is a lower cost grid-scale storage option than Li-ion batteries. OntŀǊƛƻΩǎ topography and 

resource extraction legacy may present many options for integrating CAES with wind farm 

output. However, because of the thermodynamics of compressing air, the round-trip energy 

losses of the process are less efficient than the Li-ion batteries.  

3. Baseload-supplied DES: Grid-based nuclear baseload coupled with distributed Li-ion battery storage 

systems  

¶ Li-ion storage systems have the ability to be ubiquitously distributed at the community level 

and hence, from a storage perspective, this scenario is analogous to solar. 

                                                           
37 Sustainable Development Technology Canada, 2018   
38 Essex Energy, 2017 
39 Remote community applications have not been considered 
40 Leidos, 2016 
41 Environmental Registry Regulation Proposal #013-1916, Proposed New Regulation to be made under the 

Electricity Act, 1998 (28 November 2017). 
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3.6 Summary 

There are many benefits that various DER configurations could provide to the electricity system and 

consumers. However, not all of the consumer benefits are in the best interests of the overall electricity 

system. The ability to realize the potential benefits also varies by location.  

The system benefits from DER may be best achieved by designing DER solutions that leverage the energy 

ŀŘǾŀƴǘŀƎŜǎ ƻŦ hƴǘŀǊƛƻΩǎ ŜȄƛǎǘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ǎȅǎǘŜƳǎ. 
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4.0  Understanding the  Cost of Renewables + Storage 

The declining costs of renewables and energy storage solutions has received a lot of media coverage, with 

advocates claiming that these technologies are now competitive with fossil fuels. Yet, the MoE-sponsored 

study found thaǘ ōŀǎŜŘ ƻƴ ǿƘŀǘ Ŏŀƴ ōŜ ƳƻƴŜǘƛȊŜŘ ōȅ ƛƴǾŜǎǘƻǊǎ ƛƴ ǘƻŘŀȅΩǎ ƳŀǊƪŜǘǎΣ ǘƘŜ ǎǘƻǊŀƎŜ ƻǇǘƛƻƴǎ 

are not economically viable, with the exception of commercial applications that aim to reduce demand 

charges42.  

This section explores the costs of renewables, storage and other generation required to enable DER 

options. Specific attention is given to how the cost of renewables and storage may decline by 2030 and 

how that compares to the other components of low emission DER system options. 

The major findings for the costs of generation, storage, and integrated DER systems are illustrated below 

in Figures 8, 9, and 10. 

a) Costs of renewables are declining modestly 

Figure 843 summarizes the expected future costs in the U.S., in terms of the Levelized Cost of Electricity 

(LCOE) of the low emission generation options that could support the long-term objectives of DER: solar, 

wind, nuclear and Combined Cycle Gas Turbine (CCGT) natural gas-fired generation with carbon capture 

and sequestration (CCS). Community scale solar systems are expected to have material annual decline 

rates with total declines of approximately 30% from 2017 to 2030. However, the LCOE for community-

scale solar installations will remain above $70/MWh44 in regions with average U.S. capacity factors.  

 

 

                                                           
42 Essex identified monetizable and non-monetizable value areas. Strapolec disagrees with how the non-
monetizable benefits have been calculated, the assumption of 100% capacity factor of the storage, and the 
assumed ongoing existence of surplus energy. Essex use cases only economic due to pricing mechanisms arbitrage. 
Refer to section 4.4. 
43 CAGR is compounded annual growth rate from 2017 to 2030; Natural gas plant assumes a 30% duty cycle for 
supplying daytime demand. Renewables costs without storage and subject to from intermittency,  
44 All dollar figures in Section 4.0 are in US $2017 unless specified otherwise. 

Figure 8 ς DER vs. Conventional Generation Average 
U.S. LCOE 
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At this level, it would appear that the LCOEs of the grid-based solar and wind are indeed lower than 

nuclear and natural gas with carbon capture. This section establishes that the LCOE of standalone 

renewables is not the measure that should be used, but rather it is the LCOE of the integrated DER solution 

that should be the key benchmark. For renewables to be viable in a DER context, they must supply a 

particular demand load, such as the daytime load that exceeds baseload. To do so, the renewables must 

be coupled with storage so that the energy provided is coincident with the demanded load. Power 

engineers refer to this capability as capacity value. Without storage, intermittent renewables have 

relatively little capacity value. 

b) Costs of battery storage expected to decline 50% by 2030 

Figure 945 summarizes the LCOS of storage systems evaluated in this study: Li-ion batteries of residential 

to Dx scale; and, pumped hydro and CAES suitable for some grid-scale applications. At $363/MWh, 

residential storage is expected to remain an excessively high cost option beyond the forecast time horizon 

of this study. Even community scale storage is expected to remain higher than the more conventional 

options of pumped hydro and CAES. The CAES technologies are expected to remain the least expensive 

option by a wide margin looking forward to 2030.   

 

The benefits of Li-ion batteries over the other options are their low loss factor and the flexibility to locate 

them where they are needed. Pumped hydro and CAES are limited to where geological features or other 

available physical characteristics enable their installation. They may have limited ability to support small-

scale DER solutions. 

The raw costs of renewables and storage do not reflect the cost of a DER system. The cost of a full system 

that integrates renewables with storage options to meet a demand requirement is the relevant measure 

                                                           
45 Storage costs shown do not include cost of energy to be stored and reflect operating duty cycles where storage 
is fully charged and discharged on a daily basis. 

Figure 9 ς Storage U.S. Average LCOS, 2017 vs. 2030 
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for assessing how competitive these technologies are. The integrated performance of the DER system is 

determined by several factors: 

1. Integrating solar and storage systems could allow for capital cost reductions due to sharing of 

components. 

2. Configuring the components (e.g. the solar panel and battery) to supply the expected demand 

profile determines the blend of the electricity used. 

3. Storage systems are not 100% efficient in the process of charging and discharging the energy to 

and from the storage. This inefficiency is measured as the round-trip energy loss. Losing energy 

through the storage device increases the net cost of energy that is output from the storage device. 

¶ Li-ion batteries are expected to have a 14% round trip energy loss. CAES is expected to have 

a 35% round trip energy loss.46 

 

c) Costs of DER will remain high  

Figure 1047 illustrates how the cost of renewable energy changes when coupled with storage. Three terms 

capture how the costs are realized. The used generation is at the cost typically expected. Stored energy 

has a higher cost for the generation that is stored because of the round-trip losses in the system.  The cost 

of the storage then gets added to that of the stored energy to get the full cost of the stored energy. The 

net blended cost is a function of how much energy is used directly versus stored. 

 

 

                                                           
46 Lazard, LCOE v11, 2017 
47 Solar case is community-scale, while the wind case is grid-scale with compressed gas storage. Values reflect ideal 
weather and demand conditions that do not introduce intermittency. 

Figure 10 ς Integrated DER LCOE Comparison 
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The storage required to help renewables deliver energy in response to user demand will add $107/MWh 

to the cost of any stored solar for a total LCOE of stored energy of $194/MWh in the U.S. Storage costs 

when integrated with solar photovoltaic (PV) panels in a tightly coupled manner can realize some capital 

cost savings which have been reflected. The net blended solar DER cost of $134/MWh reflects a solution 

where half of the solar energy is directed to storage for use in supplying the expected demand profile. At 

$134/MWh, it is not clear whether solar-based DER is competitive with alternative generation. 

For wind-based DER, the expected blended cost could be as low as $57/MWh. This would be for a grid-

scale application and could be competitive with other solutions. The blended cost of a nuclear baseload-

supplied DES solution is estimated at $120/MWh, 11% less than solar. Section 5 of this document explores 

the implications intermittency has on the above LCOEs. 

Given these results, why is so much attention being paid today to renewables-based DER? There are two 

possible answers to this question: (1) DER is considered applicable for optimizing revenue capture in fossil-

based energy markets where prices peak with high demand; or, (2) creative subsidies, such as net 

metering hide the full cost that is being incurred to the whole system. 

As discussed earlier, this study examines the costs of available technologies to supply a full demand 

profile. 

This section examines the following relevant subjects: 

1. Projected costs for solar and wind generation 

2. Projected costs of storage 

3. The cost implications for integrated DER solutions under ideal conditions 

4. The marketing of DER solutions today 

5. The costs of alternative low-emission technologies, such as nuclear and CCGT with CCS. 

 

4.1 Renewable Generation Costs 

This section examines the capital cost and LCOE forecasts of solar and wind technologies obtained from 

multiple sources. For each technology, different scales of implementation are considered, from small- 

scale residential applications to large grid-scale facilities. Figures 11, 12 and 13 illustrate the expected 

capital cost and LCOE decline rates. 
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For solar applications, residential scale systems are expected to drop the fastest, but will remain 25% 

higher than community solar and almost double that of grid-scale solar by 2030. The capital cost forecasts 

for small-scale wind suggest it will remain 4-5 times the cost of grid-scale wind. Given land use challenges, 

small-scale wind in a residential setting is not considered further in this study. Grid-scale wind is expected 

to have more modest LCOE declines than solar.  

 

4.1.1 Solar Cost Assumptions 

Three different scales of solar installations were considered: 

1. Residential installations, of 5 kW or less, which are rooftop mounted and feature no tracking 

mechanisms; 

2. Community and commercial scale installations, of up to 1.5 MW, consisting of both fixed-tilt 

rooftop and pole mounted tracking systems; and, 
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Figure 11 ς Solar U.S. Capital Cost 
Forecast, 2017 vs. 2030 

Figure 12 ς Wind U.S. Capital Cost 
Forecast, 2017 vs. 2030 

Figure 13 ς Solar and Wind Average U.S. LCOE Forecast, 
2017 vs. 2030 
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3. Grid-scale solar installations from 5 MW to 150 MW. 

Residential solar systems were not examined, as the capacity size for a single home solar panel is less than 

1 kW and very expensive when connected to residential-scale storage. 

Community Scale Solar Cost Forecasts 

a) Capital costs 

Commercial/community solar capital costs, in $/kW, have been projected by Leidos, Lazard, NREL, and 

IESO48. The capacity of commercial installations varied from 300 kW (NREL) to 1 MW (Lazard). Lazard has 

defined a community solar installation of 1.5 MW, which is the cost design case used in this study. The 

community installation costing is based on an optimized fixed-tilt installation. Figure 14 shows in red the 

estimated community-based solar installation capital cost. Most of the sources reflect costs for rooftop 

commercial installations. 

 

 

The average capital cost used for this analysis is $2,532/kW in 2017 and is expected to drop to $1,686/kW 

by 2030. 

[ŀȊŀǊŘΩǎ мΦр a² ŎŀǎŜ ƛǎ ǳǎŜŘ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ нлмт ǎƻƭŀǊ ŎŀǇƛǘŀƭ Ŏƻǎǘǎ ŦƻǊ ŎƻƳǇŀǊƛǎƻƴ ǿƛǘƘ ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ 

generation. The rationale is: (1) LazardΩǎ estimate is similar to the Leidos reference estimate; (2) The Leidos 

system is the largest other system quoted; and (3) the IESO estimates could not be reconciled with the 

others (after an assumed exchange rate discount of 15%).    

                                                           
48 Leidos, 2016; Lazard LCOE v11.0; NREL Annual Technology Baseline, 2017; IESO OPO, 2016 

Figure 14 ς Solar Community and Commercial Scale Capital 
Cost Forecast to 2040 
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The compound annual growth rates (CAGR) used for each of the projections are summarized in Figure 15. 

Leidos provides low and high CAGRs for reference and advanced equipment respectively.   

The average of the Leidos reference and advanced equipment CAGRs were chosen for the forecast in this 

report yielding 4.1% for 2017-2020 and 3.2% for 2020-2030. These are near the high end of the rates of 

decline in the sample set. Applying these CAGRs to the 2017 Lazard data creates a forecast for community-

scale solar with a capital forecast that declines from $2,532/kW in 2017 to $1,686/kW in 2030. This is 

within the range of ǘƘŜ L9{hΩǎ ŦƻǊŜŎŀǎǘΦ 

 

b) LCOE Forecast 

For this analysis, the LCOE is of greater interest and is what will be used directly in the cost comparisons. 

Several sources provided estimates of the cost of solar in 2017, but only NREL developed a forecast. The 

Strapolec forecast uses CAGRs from the above projected capital cost. This resulted in a lower cost than 

that derived by NREL for 2030. This suggests the cost forecast for the DER option used in this report is 

conservatively low.  
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Figure 15 ς Solar Community and Commercial Scale Capital Cost CAGR 
Forecast to 2040 
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Grid-Scale Solar Cost Forecasts 

For grid-scale solar, Lazard, IESO, and NREL provide capital costs, as shown in Figure 17Φ bw9[Ωǎ ŦƻǊŜŎŀǎǘ 

ǿŀǎ нр҈ ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ L9{hΩǎ ŦƻǊŜŎŀǎǘΣ ǿƘƛŎƘ ŎƻǳƭŘ ǊŜŦƭŜŎǘ ƛǎǎǳŜǎ ǊŜƭŀǘŜŘ ǘƻ hƴǘŀǊƛƻ ǎǇŜŎƛŦƛŎ ƛƴǎǘŀƭƭŀǘƛƻƴǎ 

(see Section 6.1). The CAGRs for grid-scale solar were smaller at only 1.3%/year after 2020 and lower again 

after 2030. Nevertheless, grid-scale solar capital costs are expected to decline by 25% from 2017 to 2030. 

 

Of the few LCOE forecasts found for this study, as shown in Figure 18, NR9[Ωǎ ŦƻǊŜŎŀǎǘ ŘŜŎƭƛƴŜ ŦǊƻƳ 

$62/MWh in 2017 to $47/MWh in 2030 was chosen to be conservative, as it demonstrates the highest 

price decline. The capacity factor assumption for the solar installations is 20%. 
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Figure 16 ς Solar Community LCOE Forecast to 2030 

Figure 17 ς Grid-Scale Solar Capital Cost Forecast to 
2030 
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4.1.2 Wind Cost Assumptions 

Wind capital costs were projected by the EIA, Leidos, Lazard, and NREL. Figure 19 summarizes the capital 

cost projections for a range of installations from these sources.  

 

It is clear from Figure 19 that smaller scale wind installations are expected to remain four to six times as 

costly as grid-ǎŎŀƭŜ ŀǇǇƭƛŎŀǘƛƻƴǎΦ /!Dwǎ ŀǊŜ ƛƴ ǘƘŜ м҈κȅŜŀǊ ǊŀƴƎŜ ǿƛǘƘ ǘƘŜ ŜȄŎŜǇǘƛƻƴ ƻŦ ƻƴŜ ƻǳǘƭƛŜǊΣ 9L!Ωǎ 

100 kW commercial application. This estimate is discounted from this analysis. With no prospect of 

material cost declines, small-scale wind is not considered further in this report. 

Figure 18 ς Grid-Scale Solar LCOE Forecast to 2030 

Figure 19 ς Wind Capital Cost Forecast to 2040 












































































































































































































