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Written Response to Questions Posed During the Modelling Webinars 

 

Author: Electricity and Combustion Division (ECD), Environment and Climate Change Canada 

(ECCC) 

 

Context: ECD hosted a Clean Electricity Regulations (CER) modelling webinar on September 

13 (French) and 14 (English). The webinar focused on the use of NextGrid by ECCC as support 

for the development of the CER. 

While dozens of questions were fielded during the webinar itself, many questions submitted by 

participants during the webinar remained unanswered due to lack of time. This document 

provides written answers to these questions. 

 

Acronym table: 

Acronym Definition 

BAU business as usual 

CAPEX capital expenditure 

CCS carbon capture and storage 

CER Clean Electricity Regulations 

CG1 The Canada Gazette, Part I 

CO2 Carbon dioxide 

DR demand response 

ECCC Environment and Climate change Canada 

ECD Electricity and Combustion Division 

ELCC Effective Load Carrying Capability 

FOM fixed operation and maintenance costs 

KIP key interested party 

LCOE levelized cost of electricity 

NRCan Natural Resources Canada 

OBPS Output Based Pricing System 

PV photovoltaic 

RIAS Regulatory Impact Analysis Statement 

RNG renewable natural gas 

SMR small modular nuclear reactor 

VO&M variable operation and maintenance costs 

VRE variable renewable energy 

ZEV zero-emission vehicle 
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Questions and answers: 

Q1. Was the webinar recorded? 

A1. The webinar was not recorded. 

Q2. Will the slide deck be shared with webinar participants after the webinar? 

A2. A PDF version of the slide deck has been shared with all participants via email. If you have 

not received it, please contact us at ECD-DEC@ec.gc.ca. 

Q3. Are peakers, that typically operate on a daily basis, allowed to operate past 2035? Were 

units that have limits on operating hours and emissions included in NextGrid? 

A3. The recent regulatory frame indicated that existing units that have reached their end of 

prescribed life could continue to generate electricity to provide backup to variable renewable 

electricity if they meet two conditions: they emit less than [TBD] kilotonnes per year, and they 

operate less than [TBD] number of hours per year. These units were included in NextGrid, and 

any mention of “peakers” in the presentation referenced these units.  In this context, allowing an 

emissions constrained use of “peakers” will help ensure the CER’s does not have adverse 

impacts on grid reliability.  

Q4. What CER designs were explored using NextGrid (e.g., what performance standards, what 

End of Prescribed Lives, etc.)? 

A4. NextGrid was used to assess the effect of the following key CER design parameters: 

performance standard (values ranging from 0 to 370 t/GWh), and end of prescribed life (values 

ranging from 0 to 35 years).  Other CER design parameters that were explored include the 

percentage of electricity sold to the grid after which industrial units are considered covered by 

the CER, the price of residual carbon dioxide (CO2) emissions, the coverage of coal-to-gas 

converted units, and the number of hours and the total emissions allowed for units that continue 

to operate unabated to provide backup to variable renewable electricity. 

Q5. Has this model and its assumptions been shared with and vetted by provincial authorities and 

agencies (e.g., the IESO) to test its credibility? 

A5. ECD has been in consultations with key interested parties (utilities, provincial authorities, 

grid operators, etc.), during which NextGrid model inputs and assumptions were shared and 

compared with values used by the key interested parties. In some cases, these consultations led to 

modifications to NextGrid to better align it with the key interested parties' own models or their 

understanding of their respective assets/grids. These consultations will continue throughout the 
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period between the publication of the CER in The Canada Gazette, Part I and The Canada 

Gazette, Part II.   

Q6. How are future/emerging policies such as the Pan-Canadian Grid Council or the zero-

emission vehicle (ZEV) mandates, included in the model? Are they included if they are not yet 

completed policies or initiatives?   

A6. The NextGrid scenarios only include announced federal policies affecting the electricity 

sector. Specifically, the federal coal and natural gas-fired electricity regulations, federal carbon 

pricing and the Output-based pricing system regulations (as they apply to electricity that is sold 

to the grid) are included. Announced federal policies impacting other sectors may be considered 

via the demand inputs to the model which are based on the “NZE Base” scenario from the 

Canadian Energy Regulator’s “Towards Net-Zero: Electricity Scenarios” report, available at 

CER – Canada's Energy Future 2021 - Towards Net-Zero: Electricity Scenarios (cer-rec.gc.ca).  

Q7. If the Energy 2020 data is used as a baseline for the model, do the restrictions imposed due 

to COVID affect the baseline data? 

A7. Only the capacity data from the Energy 2020 is used in NextGrid. The model then decides 

how each unit will be operated. 

Q8. Were the costs of additional interprovincial capacity included in NextGrid? If yes, what are 

the costs per kilometer used and what is included in these costs? Are other transmission 

characteristics, such as transmission losses, intertie trips and participation of transmission to 

reliability and reserve constraints, considered? Was a scenario considered without the 

transmission constraints and if so, is it possible to see the results? 

A8. The cost of building additional interprovincial capacity was included in NextGrid. The costs 

include the capital expenditures (CAPEX) and fixed operation and maintenance (FOM) costs of 

the line, converter station costs, substation upgrade costs and transformer costs and are different 

for each new transmission line considered. However, aside from one exception, the model does 

not include any cost for building intra-provincial transmission lines, if required, to bring the 

electricity from the location of generation to the intertie, nor from the intertie to load centers. 

Transmission losses of 2% were included for all inter-province transfer of electricity, regardless 

of distance. Intertie trips and the participation of transmission to reliability and reserve 

constraints were not considered. NextGrid considers two alternative transmission scenarios: one 

without any constraints on transmission and another with some transmission constraints. ECCC 

only plans to share detailed results and costs with parties that have signed a nondisclosure 

agreement and with whom ECCC is working closely to improve its modelling work. 
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Q9. Define the following acronyms: CG1, DR, RNG. 

A9. CG1: The Canada Gazette, Part I. DR: demand response. RNG: renewable natural gas. 

Q10. Is the end of prescribed life (20 years) from the date a potential CER would be proclaimed 

or from the date of commissioning?  

A10. The definition of prescribed life is a topic that requires further consideration. It could be 

defined as a period of fixed years starting with its commissioning date, i.e., the date of its first 

sale of electricity to the electricity system. 

Q11. The generation, transmission and distribution of electricity in Canada fall primarily under 

provincial jurisdiction, and yet NextGrid is a federal-level model that minimizes costs for all of 

Canada. This will inevitably result in solutions that are optimal from a federal perspective but 

that will not represent what individual provinces would choose to do. Does NextGrid determine 

the optimal pathway for individual provinces? 

A11. It is true that solving for the cost-optimal solution at the federal level leads to province-

level results that would be different than what individual provincial models might provide. We 

indeed have plans to create province-level versions of the model. The information generated by 

these models will also be considered in the regulatory development process. This work is set to 

occur between the publication of the proposed Clean Electricity Regulations in The Canada 

Gazette, Part I and The Canada Gazette, Part II.   

Q12. Does the model allow large nuclear unit deployments in addition to small modular nuclear 

reactors (SMRs)? Can you share the assumptions for SMR modelling?  

A12. NextGrid allows the addition of either new SMRs or traditional CANDU reactors. The 

decision to deploy either of these technologies will be based on the broader model optimization 

on least cost and need for new capacity. The model is not typically deploying traditional 

CANDU reactors in any scenarios as their cost is higher than SMRs. 

The cost assumptions for SMRs presented during the webinar were based on the cost for a 

FOAK unit found in the IAEA BWR-X status report1. The cost was adjusted to 2022 Canadian 

dollars. We have since investigated other public data sources (e.g. IESO), and are considering 

these costs in future scenarios. SMRs can only be deployed by the model in Ontario, beginning 

in 2030, and in Saskatchewan, Alberta, and New Brunswick beginning in 2035. We have 

restricted deployment of SMRs to provinces that currently operate nuclear generation facilities or 

that have expressed a recent significant interest in deploying nuclear generation. 

1 BWRX-300_2020.pdf (iaea.org) 

Manitoba Hydro 
IRP and MNF Review

MEED/MH I-22a-p (U) - Attachment 5 
4 of 18

April 22, 2026

https://aris.iaea.org/PDF/BWRX-300_2020.pdf
https://aris.iaea.org/PDF/BWRX-300_2020.pdf


Modelling webinar Q&A ECD – PTTU 22-071 last updated: 2022-12-02 

Page 5 of 18 

Q13. What is included in your estimates of stranded assets? 

A13. In our baseline calculations, stranded assets in NextGrid are defined as units that retire 

prematurely to comply with the Clean Electricity Regulations. The cost of stranding such an 

asset is the sum of estimated residual capital value and lost revenues. 

ECD has three different estimates of stranded assets that it considers in the assessment of CER 

designs: 

- In the first, only units that retire completely in a solution are considered. All units that

continue operation by complying with the CER are not considered in this estimation. This

is the scope that leads to the lowest stranded cost.

- In the second, ECD also considers “stranded” any unit that complies with the CER but

that operates at a capacity factor well below its capacity factor before complying. Units

that comply include those that continue operating unabated to provide backup to variable

renewable electricity with constraints on annual number of hours of operation and

emissions, units that blend clean fuels, and units that start capturing carbon emissions.

- A final estimation of stranded asset costs is done by assuming that all regulated units are

stranded. This is an extreme cost that does not take into account conversions that

regulatees would be likely to consider as an alternative to retiring.

Note that stranded asset costs are calculated after the model solves: stranded asset costs are not 

considered in NextGrid directly, although the costs of investing in new generation capacity to 

replace stranded assets are, of course, included in NextGrid.  

Q14. Will negative emission technologies be eligible for offset credits under the CER and how is 

it modelled in NextGrid? 

A14. NextGrid does include negative emission technologies such as biomass with carbon capture 

and storage (CCS), but these technologies do not have credits associated with them, because no 

carbon credit system is implemented in NextGrid as the CER is not envisioned to create its own 

credit system. 

Q15. The transition through electrification will require a substantial buildout of additional clean 

generation, such as hydro. What is being considered in the model to encourage the development 

of this new generation?   

A15. The model does not include any external assistance for the build-out of non-emitting 

generation. New non-emitting projects compete with other technologies on an equal footing. 

However, in a context where emitting generation projects accrue fuel and carbon costs and where 

the cost of non-emitting technologies decrease over time, non-emitting technologies are, in most 

scenarios, naturally competitive. In scenarios where a performance standard is also implemented, 

the value of non-emitting technologies increases. 
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Q16. Does NextGrid address the provincial cost discrepancies? What are the different costs 

considered by NextGrid in order to measure affordability? How is affordability determined? 

A16. Every province in NextGrid is modelled as a different load zone. Each unit is associated 

with a load zone, which results in cost being associated with a province. NextGrid also has 

regionalization factor, which accounts mostly for differences in labour costs, to modulate the 

cost of technologies per provinces.  

Multiple costs are directly considered in the NextGrid optimization algorithm, while some other 

costs are manually added after the resolution of the model in order to get a more realistic view on 

the cost of the CER (see the list below). Finally, intra-provincial costs not associated with 

electricity generation, such as the deployment of intra-provincial transmission lines, are not 

considered in the model. 

To measure affordability, multiple analyses are carried out to compare the cost of meeting 

constraints (supply load, meet capacity requirements) with and without the CER. Note that 

affordability will also be measured in the cost-benefit analysis as part of the Regulatory Impact 

Analysis Statement (RIAS). 

Costs considered directly in NextGrid, the sum of which NextGrid minimizes: 

- Capacity cost: Capital cost of new generation or storage projects

- Fixed cost: Annual fixed cost of generation or storage projects

- Fuel cost: Cost of fuel used to generate electricity

- VO&M: Variable operation and maintenance costs of generation or storage projects

- Start-up and shutdown cost: Cost associated with starting or (temporarily) shutting down

a generation unit

- Transmission cost: Cost of building and maintaining interties (see question 8)

- Operational reserves violation cost1: Penalty incurred when some operational reserve

requirement (regulation reserves, load following reserves, spinning reserves) are not met

in a load zone.

- Cost of carbon: Cost associated with the emission of CO2.

- Hurdle cost: Cost associated with the cost of interties to curb their use in the model.

- Load balance penalty1: Cost associated with over-generation or unserved energy.

To calculate the costs per province, costs are then reallocated to consider the effect of imports 

and exports of electricity. All costs associated with electricity that is traded between provinces 

are added to the costs of the receiving province and removed from the generating province. 

Costs included after the model has solved: 

- Stranded assets: Cost associated with the early retirement of project due to the CER and

associated loss of revenues (see question 13)
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- Variable renewable energy (VRE) integration cost: Costs associated with investments on

grids to integrate wind and solar photovoltaic (PV) capacity beyond those already

covered by NextGrid.

1The cost for these penalties are set to very high values. This provides some flexibility to the 

model in the resolution stage (e.g., the model could decide not to meet reserve requirements in a 

given hour). However, these costs have been shown to never appear in any NextGrid solution. 

Q17. The CER plans on excluding units below a small capacity threshold from the requirement 

to meet a performance standard. This may result in an incentive to develop Distributed 

Generation assets. Was this part of your modelling? 

A17. NextGrid does not allow the development of these small units. This potential transfer of 

generation capacity to small units is therefore not assessed. However, we consider it unlikely that 

utility-scale generation would rely on such units, and the risk is considered low. 

Q18. What are NextGrid's assumptions about how much capacity/generation/transmission 

buildout is needed and where/when it will happen? 

A18. NextGrid quantifies energy needs from e.g., load projections provided by the Canadian 

Energy Regulator (NZE base scenario – see question 6), planning reserve margins from utilities 

and North American Electric Reliability Corporation publications, and operation reserve data 

from utilities and using proxy data as per the NREL ReEDS model1. The buildout in different 

provinces of generation and intertie capacity, and the use of this capacity to meet energy needs of 

the different provinces, are then calculated by NextGrid (endogenously). These are not assumed 

by the modellers, but a result of the optimization process. The only exception to this are 

announced development projects, which are forced in the model (exogenously). 

1 Regional Energy Deployment System (ReEDS) | NREL 

Q19. What opportunity will there be for key interested parties to suggest different scenarios and 

sensitivities to explore CER options? 

A19. There will be a consultation period after the publication of the proposed Clean Electricity 

Regulations in The Canada Gazette, Part I. Recommended alternative scenarios that interested 

parties deem as important to explore can be submitted at that time. 
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Q20. Could ECCC provide the underlying data for all the charts and figures presented during the 

webinar? 

A20. Charts and figures presented during the webinar represent results for selected scenarios and 

for a given model version, and were only meant to spark further discussions and collaboration. 

ECCC only plans to share detailed data with parties that have signed a non-disclosure agreement 

and with whom ECCC is working closely to improve its modelling work. 

Q21. There are modelling groups in Canada that are working on or have developed whole energy 

system models to develop net zero decarbonization scenarios for different regions across Canada. 

The organizations involved are the Energy Modelling Initiative and Net Zero Atlantic. The work 

within these organizations are funded through Natural Resources Canada (NRCan). There is a 

possibility that these model results will be different than ECCC's model. Do you have a process 

to reconcile these results?   

A21. ECCC, and specifically members of the NextGrid modelling team, are involved in the 

NRCan-funded Energy Modelling Hub, that brings together these modelling initiatives as well as 

policy-makers, in an effort to compare models, harmonize inputs and facilitate the use of models 

in policy making. As part of this work, the NextGrid modelling team will have a venue to 

compare inputs and results and, if need be, reconcile certain model components. However, given 

that different models have different scopes and objectives, we do not foresee model outputs fully 

aligning, but any significant divergence will be impetus to explore the underlying reasons 

leading to these differences. 

Q22. How has the future electrification of electric vehicles, and residential and commercial 

buildings, been considered in this modelling?  

A22. As NextGrid is an electricity sector model, any future load growth due to electrification is 

considered as an external input to the model. NextGrid currently models future demand growth 

using the profile developed by the Clean Energy Regulator for the “NZE Base” scenario from the 

“Towards Net-Zero: Electricity Scenarios” report. In this scenario, electricity demand is 10-30% 

higher than their “Evolving Policies Scenario”, depending on the province. A full description of 

the assumptions under that scenario, including uptake of electric vehicles and energy efficiency 

in buildings can be seen on the website1. 

The Canadian Energy Regulatory has provided ECCC with hourly demand profiles for each 

province for this scenario, and these profiles are currently being used in our baseline scenario. 

For future iterations of NextGrid, we are working towards having more detailed load projections 

in which different components (e.g., industrial uses, home heating, electric vehicles, etc.) are 

distinguished and allow for the construction of new scenarios. In the interim, we are considering 
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alternate scenarios with higher demand profiles to understand the impacts of higher demand on 

the costs and generation mix under CER policy. 

1 CER – Canada's Energy Future 2021 - Scenarios and Assumptions (cer-rec.gc.ca) 

Q23. Canada is a very large country and energy types currently used and to be used in the future 

are not and cannot be homogenous. How does the model account for this? 

A23. Every province in the NextGrid is modelled as a different load zone with its own load 

forecast. Each generation and storage unit in the model is associated with a load zone, which 

results in every province having its own fleet.  There are constraints on the deployment of new 

capacity for each province depending on availability. Those constraints include (but are not 

limited to) the deployment rates based on internal and external research (e.g., maximum build-

out of hydro or SMR per year) and geographic constraints (e.g., offshore wind turbines cannot be 

deployed in some provinces). Capacity factor forecasts for wind and solar PV are also province 

specific. Finally, the opportunity to expand interprovincial transmission is considered on a case-

by-case basis at each interprovincial border.  

Q24. Are power prices calculated within the model? 

A24. Power prices are not directly calculated within NextGrid. The costs considered by 

NextGrid do not account for all costs incurred to supply electricity to clients (e.g., NextGrid does 

not include intra-provincial transmission lines, benefits and costs of interprovincial trade and 

distribution networks). NextGrid results are used to compute a partial power price (see question 

16), and these partial power prices for scenarios with and without the CER are used to estimate 

the impact of the CER on power prices. 

Q25. Could you please explain the discrepancy between the historical grid intensity published by 

Canada in its annual National Inventory Report and the significantly lower grid intensity 

presented during the webinar. 

A25. There are multiple factors that can explain differences between the historical grid carbon 

intensity, for which the most recent data is for 2020, and the grid intensity calculated by 

NextGrid for 2025. First, other electricity-sector regulations (Regulations Limiting Carbon 

Dioxide Emissions from Natural Gas-fired Generation of Electricity, Reduction of Carbon 

Dioxide Emissions from Coal-fired Generation of Electricity Regulations) result in reductions in 

both the capacity and the use of emitting generation units in the intervening years. Second, the 

price of carbon increased between 2020 and 2025, making emitting generation costlier, and 

hence less attractive in a cost-minimization model such as NextGrid. Finally, the generation mix 

in NextGrid corresponds to a cost-optimal mix resulting from a series of rational decisions that 

may not fully reflect actual generation decisions taken from individual utilities and other actors. 
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Q26. How does the model consider economic activity such as jobs associated with the various 

decarbonization pathways? Has any consideration been given to the economic impact on 

industries who rely on cogen?   

A26. The NextGrid model is an electricity sector model and considers the costs associated with 

electricity generation, such as technology costs, interprovincial transmission, and fuel costs. The 

NextGrid model does not consider other economic activity such as jobs associated with 

electricity generation. The E3MC model that will be used to develop the Regulatory Impact 

Analysis Statement is an economy-wide model that incorporates some broader economic 

considerations, including the interaction of supply and demand between sectors. The RIAS will 

focus its assessment on the costs of compliance for units impacted by the CER as well as the 

benefits of the proposed regulations.  

Q27. The future of technology and fuel costs and availability is uncertain. This is especially true 

for emerging technologies such as carbon capture and storage (CCS) and small modular nuclear 

reactors (SMR). Are alternative scenarios being considered by NextGrid to account for this 

uncertainty, and, if so, are the results available for these scenarios? 

A27. ECCC does run alternative scenarios to evaluate the sensitivity of results on the availability 

and cost of emerging technologies. These results, just like the baseline scenario results, are used 

internally. 

Q28. How does the model take into account capacity need during peak load period (i.e. winter 

heating peaks and summer cooling peaks)? Do all technologies contribute to planning reserve up 

to their nameplate capacity? 

A28. Planning reserves requirements are the minimum amount of capacity a load zone must have 

for a given year. They are province-specific and are based on the maximum load encountered 

during a year plus a margin1, taken from the North American Electric Reliability Corporation 

“2021 Long-Term Reliability Assessment”2. 

The Effective Load Carrying Capability (ELCC) approach is used to determine the eligible 

capacity (% of the nameplate capacity) of different units. Most units have an ELCC equal to their 

availability factor (% of the time the units are available for generation), but solar PV and wind 

turbine ELCC are computed differently. 

Solar PV ELCC is set to 0% because peak loads are often associated with winter heating peaks 

when solar is not available. We assume all provinces will be winter peaking, if they are not 

already, due to electrification of home heating. Wind turbine ELCC is based on the penetration 

level of wind energy in the region in a way that every MW of additional wind capacity 

contributes less to planning reserves. Default values for the marginal ELCC of wind turbines are 
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taken from the 2016 Pan-Canadian Wind Integration study3. These default values are replaced by 

ELCC values actually in use by provinces, when available.  

1 Maximum load and planning margin has been modified for some provinces following ECCC 

engagement with grid operators. 

2 North American Electric Reliability Corporation (NERC). (December 2021). 2021 Long-Term 

Reliability Assessment. https://www.nrel.gov/docs/fy22osti/81706.pdf 

3 GE Consulting (2016). Pan-Canadian Wind Integration Study. Ottawa, Canada. 

Q29. What are the assumptions related to carbon pricing and OBPS levels in the BAU scenario? 

A29. The BAU scenario represents a case where all existing electricity sector federal policy 

except the CER goes ahead. As such, the BAU includes a carbon price that ramps to $170/ton of 

CO2 in 2030 and stays constant afterwards. The Output Based Pricing System (OBPS) 

allowances are assumed to remain constant from their 2030 values, until 2050. 

Q30. Will the NextGrid model and its input data be made publicly available? 

A30. There is an important distinction to be made between the modelling platform that is used 

and the model populated with actual data. The modelling platform is based on the GridPath 

framework, which is open source and hence publicly available (https://www.gridpath.io/). 

However, the actual NextGrid model cannot be shared publicly because it uses some data 

sources that are confidential (e.g., Protected B data from Statistics Canada and data supplied 

directly from utilities or other key interested parties (KIPs)). ECCC has, however, shared parts of 

the model with individual KIPs under Non-Disclosure Agreements. This targeted sharing of data 

will continue through the period between the publication of the proposed CER in The Canada 

Gazette, Part I and their publication in The Canada Gazette, Part II. These will continue not to 

be shared publicly.  

Q31. Are peak shaving and other benefits from increased renewables also included in the model? 

A31. Peak shaving, whereby demand side management programs allow the displacement of 

some load from the period of peak load to other parts of the day, is included in the model. This is 

not due to increased renewables. There are benefits of increased capacity in variable renewable 

electricity generation that are included, such as reduced emissions and reduced generation costs. 

The challenges associated with this type of generation is also considered: inability to dispatch on 

demand, low to nil contribution to the planning reserve margins, and increased requirements in 

operation reserves. NextGrid identifies the cost-optimal amount of buildouts of these 

technologies by balancing these benefits and challenges.   
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Q32. How is carbon capture and storage (CCS) modelled in NextGrid? 

A32. Carbon capture and storage (CCS) can only be deployed post-2025 to account for approval 

timelines, construction lead times, and technology readiness, and only in provinces with the 

required geological formations, namely, Alberta, Saskatchewan, and Manitoba. In the baseline 

model, CCS can achieve an emission reduction efficiency of 95%, although scenarios with other 

efficiencies have been considered. The 95% efficiency is based on an internal studies prepared 

for ECCC; in general, these reports cannot be shared publically. 

Q33. What assumptions are made about carbon price levels after 2030? 

A33. In baseline version of business as usual (BAU) and CER scenarios, the carbon price is 

assumed to remain constant at a value of $170/ton of CO2 from 2030 to 2050. 

Q34. Are there plans to pair NextGrid with a production-cost or operation model to get better 

insights about hourly operation? 

A34. There are indeed plans to pair NextGrid results with either an external production-cost 

model or to create a production-cost version of NextGrid. No timelines have been set. 

Q35. How does the model consider solar and wind availability? Do you model extreme events 

scenarios? 

A35. For VRE availability, hourly wind speed from MERRA (NASA Earth data) and hourly 

solar data from CWECS are used (the 25% best sites of each province are considered) and 

converted into provincial hourly capacity factors using a power curve. 

The built capacity of wind and solar resources is not constrained (verifications are made to 

ensure the built capacity are reasonable). Neither wind nor solar PV are assumed to contribute to 

operating reserves, in fact they increase the operating reserve requirements. Solar PV also does 

not contribute to planning reserves, and wind contributes a fraction of its nameplate capacity (see 

question 28).  

Extreme events are not modelled in the current model. They will be accounted for in dispatch 

versions of the model, under development. 

Q36. What are the cost assumptions in NextGrid? 

A36. Depending on the type of cost (e.g., capital expenditure, fixed cost, fuel costs, other 

variable costs, etc.) and data availability, costs in NextGrid can vary with technology, vintage, 

time, and, jurisdiction. The main sources of cost data used in NextGrid are:  
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- Midgard Consulting Inc. (2020). LCOE Calculator 2.0 and Trends Forecasts. Submitted

by: Midgard Consulting Incorporated. To: Environment and Climate Change Canada.

- US. Energy Information Administration. (2021). Annual Energy Outlook 2021. In

Analysis and Projections. Website: https://www.eia.gov/outlooks/archive/aeo21/

- NREL (National Renewable Energy Laboratory). 2021. 2021 Annual Technology

Baseline. Golden, CO: National Renewable Energy Laboratory.

- Canadian Open-source Database for Energy Research and Systems Modelling

(CODERS). Data shared with Environment and Climate Change Canada.

These default sources are superseded when higher quality data is available. 

Q37. How is the use of renewable natural gas (RNG) modelled in NextGrid? 

A37. In NextGrid, units that can burn natural gas can use RNG as a substitute clean fuel at a 

default cost of around 40 CAD2022/mmbtu (assumed constant in real dollars through to 2050). 

The availability of RNG in each jurisdiction is based on a feedstock potential study conducted by 

Torchligh BioResources (2020). Past scenario runs have shown that RNG is consumed at 

relatively low levels and, as such, availability constraints are currently not imposed. ECD is 

keeping a close eye on the consumption of RNG in the model to ensure the demand for RNG is 

within an acceptable range. 

1 Torchligh BioResources (2020). Renewable Natural Gas (Biomethane) Feedstock Potential in 

Canada. Funded by Natural Resources Canada. 

Q38. Are supply constraints, construction times, regulatory barriers accounted for in projecting 

increased capacity need to meet supply?   

A38. We have considered certain constraints that would limit the maximum deployment 

potential for certain technologies in the model. For example, the deployment of new 

interprovincial interties is limited to existing and planned projects in our default scenarios. 

Deployment of SMRs is only allowed beginning in 2030 for Ontario and in 2035 for other 

provinces and a maximum amount of capacity deployments that considers supply chain potential 

is applied. The maximum availability of renewable natural gas and hydrogen is also considered 

based on assessments of resource availability. Deployment of new hydroelectric projects is also 

limited to available hydro capacity projects identified by Waterpower Canada (Canadian Hydro 

Capacity and Potential (2019). Waterpower Canada, CHA-map-CapacityPotential-2015-v6 

(waterpowercanada.ca)). 
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Q39. What are the different kinds of operating reserves and how are they modelled? 

A39. Three types of operating reserves are currently modelled in NextGrid: Load following 

reserves, regulation reserves and spinning reserves. Operating reserves are used to ensure a 

reliable grid in events where generation units have to close for unforeseen circumstances (e.g., 

equipment failure). The default operating reserve implementation in NextGrid is based on the 

approach used in ReEDS1. Specifically: 

 Regulation Reserve (reg): Regulation Reserve is the ability to respond to regular small

fluctuations in load supply imbalances. Regulation reserve requirements are modelled as

1% of the total load plus 0.5% of the wind generation and 0.3% of Solar PV capacity.

This requirement must be met within 5 minutes if required.

 Spinning Reserve (spin): Spinning Reserve is the ability to respond to a major unit or

transmission outage. Spinning reserve requirement is modelled as 3% of the total load.

This requirement must be met in 10 minutes if required.

 Load Following Reserves (flex): Load Following Reserves is the ability to provide

following and ramping needs (also known as “ramping reserves”). Load Following

Reserves requirements are model as 10% of the wind generation and 4% of Solar PV

capacity. This requirement must be met in 60 minutes if required.

Units can provide operating reserves with a fraction of their nameplate capacity based on their 

ramp rate and the response time of the specific reserve. (e.g., a unit with a nameplate capacity of 

100 MW and a ramp rate of 10 %/min that is used to meet regulation reserves (5 min response 

time) can provide 50 MW of that reserve (100 MW * 10%/min * 5 min = 50 MW). 

1 Brian Sergi and Wesley Cole. (December 2021). Operating Reserves in ReEDS. Operating 

Reserves in ReEDS (nrel.gov) 

Q40. How much capacity can be added in a time period? Why does the model not resolve the 

2050 grid in 2025? 

A40. While there are few imposed constraints to the build-out of new capacity in NextGrid, the 

model does not build all the capacity required in 2050 in 2025 because that would entail that 

fixed costs for the excess capacity are incurred for years where it is not required. Since the model 

minimizes costs, the model will always build the minimum capacity required to meet energy, 

capacity and operational reserve requirements. 

Q41. Are the effects of climate change accounted for in your model? 

A41. No, the current version of NextGrid does not quantify the potential effects of climate 

change on the operability of units of all types, i.e., emitting and non-emitting.  For clarity, it can 

be assumed that such effects could materialize in the coming years, but at this point insufficient 

data is available to quantifiably account for the effects. 
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Q42. How is the levelized cost of electricity (LCOE) used in NextGrid? 

A42. NextGrid does not use LCOE as an input; however, the model requires entries for all 

components of the LCOE (e.g., capital, fixed, fuel and other variable, lifespan, etc.). It should be 

reiterated that NextGrid aims to minimize the cost of the system while complying with several 

constraints (e.g., environmental policy, reserves, etc.). As such, cost is only one of many 

decision-making variables for deploying new projects. 

Q43. Representative days and extreme events: How are the representative days selected? Are 

hourly data used? Is this a conservative approach (i.e., does it consider extreme events)? 

A43. The 12 representative days were chosen based on a clustering approach that minimizes the 

sum of the variances of the clusters (group of days). This approach aims to select days that best 

represent the initial data, and it is not a conservative approach that considers extreme events. The 

clustering approach is applied simultaneously on load, wind and solar provincial data. Once the 

representative days are selected, the model uses hourly data from those days. Future iterations of 

NextGrid could consider extreme events, but timelines have not been set for that work. 

Q44. Were batteries (and other storage solutions) allowed to contribute to reserves or frequency 

regulation? 

A44. Storage is allowed to contribute to planning reserves and other operational reserves up to its 

nameplate capacity. Note that frequency reserves are not modelled (see question 39 on 

operational reserves included in NextGrid). 

Q45. What types of energy storage options are integrated in the model and how the integration of 

variable renewable energy (VRE) and storage is being accounted? 

A45. Lithium ion batteries (4h), lead acid batteries (6h), vanadium redox flow batteries (8h), 

compressed air storage (10h) and pumped hydro storage (10h) are the five energy storage options 

available to be built by the model. VRE projects are modelled separately from storage projects: 

the model will only build either one of the two depending on which is necessary to meet the load 

and other constraints.  

Q46. Can you provide more details on fuel blending? Which parameters were used to calculate 

the cost of blended fuel? What is the assumed composition of the blended fuel? 

A46. Fuel blending is an option that units may choose to comply with the CES performance 

standard when it is imposed in 2035. NextGrid allows units to blend any combination of natural 
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gas, renewable natural gas, and hydrogen to meet the CER performance standard on an annual 

average basis. The maximum volume of hydrogen that can be blended is limited by the 

technology and vintage of the technology as described in question 51. Renewable natural gas can 

be blended in any quantity and is considered as a direct substitute for natural gas. The amount of 

natural gas that can be blended is limited by the emissions performance standard.  

Costs of blending are based on the individual costs of fuels and the quantities consumed. The 

costs for renewable natural gas are taken from Torchlight BioResources (2020)1. The fuel cost 

for hydrogen is based on an average value for blue, green, and grey hydrogen from the 

International Energy Agency report (2019) 2. 

It is assumed that all blended fuels are received directly by the unit either via pipeline or shipped 

and stored on-site. No “third party attribution” for consumption of low-carbon fuels is considered 

by the model. 

1 “Renewable Natural Gas (Biomethane) Feedstock Potential in Canada” (Torchlight 

BioResources, 2020) 

2 “The Future of Hydrogen – Analysis” (IEA, 2019) 

Q47. Why were the imports and exports with the United States (US) assumed to stay constant at 

2019 levels? Why were planned transmission line expansions with the US not included? 

Shouldn’t avoided greenhouse gases emissions due to exported electricity be included in the 

model? 

A47. The imports and exports with the US are assumed to stay constant at 2019 levels for several 

reasons.  

- We do not have access to hourly projections out to 2050 of import and export with the

US for each province.

- There are many uncertainties related to the quantities of exports and imports in the future,

and there is no consensus on how these uncertainties should be modelled.

- US generation (including variable generation) and load would need to be projected to

2050 for the identification of optimal hourly trade; this is beyond the scope of NextGrid.

Note that avoided emissions is not a concept that is covered by the Clean Electricity Regulations. 

Indeed, the CER strictly focuses on direct emissions of CO2 from Canadian electricity generation 

units. 

Q48. Does the model consider the costs of additional transmission equipment associated with 

expanded VRE, for example for maintaining system inertia and stability? 

A48. NextGrid does not directly include the costs of deploying grid-forming inverters or 

ultracapacitors capable of providing synthetic inertia on grids that are dominated by inverter-
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based variable renewable technologies. However, NextGrid does account for operational reserve 

requirements and their increase with higher shares of variable renewable generation, which in 

turn requires the model to invest in technologies that can provide these reserves. Also, additional 

costs of variable renewable energy integration are considered by ECCC, but are added to the 

model output when comparing scenarios. Note also that, while the requirements for these 

investments are real, they are partially abated by the fact that the grids will continue to have 

synchronous generators (e.g. hydro, nuclear, thermal with carbon capture and sequestration). 

ECCC is open to integrating such costs directly in the NextGrid model, and would invite all 

interested parties with knowledge and data in this field to communicate with the Electricity and 

Combustion division at ECD-DEC@ec.gc.ca 

Q49. Is hydro availability taken into consideration in the representative days? How hydro storage 

flexibility is modelled? How are severe hydroelectric droughts considered?  

A49. In the version of NextGrid presented during the webinar, hydroelectricity availability was 

not used to determine the representative days used in NextGrid. Work is currently underway to 

include it in future versions.  

Historical hydroelectric capacity factors were used to determine the availability of hydro projects 

for each representative day in each province. Then, hydro reservoirs are balanced for each 

representative day, which means that the energy produced during each hour of the day can be 

higher or lower than the average capacity factor, which means that storage during the day is 

possible. Severe hydroelectric droughts are not considered beyond what is already in the capacity 

factor data used. 

Q50. What kinds of transportation did you consider for hydrogen? 

A50. NextGrid does not model the transportation of fuel. Instead, it assumes that the fuel is 

available to units at the price used in the model. In the current version of NextGrid, the price of 

hydrogen only accounts for the production cost. Future work will focus on ensuring costs include 

the cost of production, delivery and, if applicable, storage. 

Q51. What are the blending limits of hydrogen in your model? 

A51. Blending limits for hydrogen are set to: 

- 15% v/v for existing gas turbines1, 2, 3

- 70% v/v for existing reciprocating engines2,

- 20% v/v for any other technology that can burn hydrogen4,

- The limit is increased to 50% v/v for new gas turbines built in the 2025 to 2029 period in

the model.
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In the current model, we keep the blending limits at these levels for all future vintages. We are in 

the process of modifying NextGrid to allow 100% blending for gas turbines and reciprocating 

engines for vintages of 2030 and beyond2.  

1 Source: Siemens (2022). Siemens Energy gas turbine portfolio. Gas Turbines | Manufacturer | 

Power and heat generation | Siemens Energy Global (siemens-energy.com) 

2 Source: GE (2022). Hydrogen Overview. hydrogen-overview.pdf 

3 Source:  NRCan (2020). HYDROGEN STRATEGY FOR CANADA. 

https://www.nrcan.gc.ca/sites/nrcan/files/environment/hydrogen/NRCan_Hydrogen-Strategy-

Canada-na-en-v3.pdf 

4 Source:  T.B. Kimmel & Associates (2022). Impact on end users and equipment when 

hydrogen is blended with natural gas, for example natural gas vehicles. Draft report submitted to 

Electricity and Combustion Division, Environment and Climate Change Canada. 

Q52. What type of data would be needed to better incorporate wind and storage data? Is ECCC 

working to accumulate the needed data on these points? 

A52. The NextGrid model already includes hourly wind speeds per hour for representative days 

in individual provinces, a wide array of storage technologies and cost projects for these 

technologies based on reputable sources. The following data could be useful for refining 

NextGrid: better spatial resolution in provincial wind potential (subregion-specific hourly 

profiles, costs due to transmission requirements and deployment constraints); cost, deployment 

potential and wind speeds for offshore wind generation, where applicable; technological or 

geographic constraints to the build out of storage capacity; and projections in technological 

developments that will lead to changes in wind turbine power curves. ECCC is open to 

integrating such data in the NextGrid model, and would invite all interested parties with 

knowledge and data in this field to communicate with the Electricity and Combustion division at 

ECD-DEC@ec.gc.ca.  

Q53. Does NextGrid estimate changes in air pollutant emissions due to CER? 

A53. NextGrid itself only models direct CO2 emissions. Future iterations of NextGrid may 

include the capacity to model air pollutants, but no timelines have been set for this work.  

Q54. Does the model include decommissioning costs for plants that choose to retire due to CER? 

A54. In the current version of NextGrid, there are no decommissioning costs, i.e. plants can 

retire at no cost. Work is currently under way to include these costs in NextGrid. 
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