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Corrections

e  Figure 22: Updated x-axis labeling due to unit conversion issue in preparing graphic.

e Tables 9 and 10: Updated total final energy demand, electric load, and biofuels
demand values due to univ conversion error in preparing tables. These errors were
introduced during conversion from modeling software to report presentation and
do not affect the underlying modeling of Nova Scotia system.
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Executive Summary

Study Background

The Province of Nova Scotia has been a leader in recognizing the threat of climate change and enacting
policy to tackle the problem. On October 30, 2019, Nova Scotia’s legislature passed the Sustainable
Development Goals Act (SDGA), establishing provincial greenhouse gas (GHG) emission reduction goals of
at least 10% below 1990 levels by 2020; at least 53% below 2005 levels by 2030; and “net zero” by 2050,

which requires balancing all GHG emissions with removals or offsetting measures.

As the province’s primary electricity provider, Nova Scotia Power Inc. (NSPI) recognizes that it must play
a critical role in enabling the transition to a low-carbon economy, including decarbonizing its generation
fleet, supporting energy efficiency and conservation, and enabling electrification. To better understand
the scope and scale of emission reduction measures required to meet these climate goals, NSPI
commissioned Energy and Environmental Economics, Inc. (E3) to perform an independent analysis of
strategies to achieve long-term, province-wide GHG reductions, with a focus on electricity, buildings, and

tra nsportation sectors.

This study, commissioned prior to passage of the SDGA, identifies potentially viable pathways for reducing
GHG emissions 80% below 2005 levels by 2050, a level of reduction often called “deep decarbonization”.
The detailed pathways provide NSP with an indication of the level of electricity sector emissions
reductions that may be required as part of economy-wide decarbonization, and also demonstrate the
potential impacts of electrification on load. Attainment of the 80% reduction goal would reduce economy-
wide emissions to 4.6 million metric tons (MMT) in Nova Scotia in 2050 (Figure 1). Meeting the SDGA’s

“net zero” target would require additional abatement beyond what is considered in this study.

© 2020 Energy and Environmental Economics, Inc. 2lPage
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Figure 1. Nova Scotia Historical Greenhouse Gas Emissions and Greenhouse Gas Emission Targets
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Nova Scotia’s GHG emissions declined rapidly between 2005 and 2016. Many factors contributed to the

decrease in GHG, including the electricity sector’s transition to renewable and cleaner sources of energy,

as well as investments in energy efficiency. Despite this trend, E3’s modeling demonstrates that additional

abatement measures will be required to meet the 80% by 2050 goal. As discussed in Section 2.4, the

Reference scenario shows projected emissions levels under existing policy (prior to SDGA), such as Nova

Scotia’s hard caps on electricity sector GHGs. The “Mitigation” scenarios demonstrate the incremental

effort required to achieve the 80% target.

Figure 2 presents Nova Scotia emissions by sector in 2016. Electricity generation, heat for buildings, and

transportation represent most of the emissions in the economy. The emissions profile in Figure 2

3|Page
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represents the starting point for E3’s pathways analysis. From here, E3 investigated pathways to achieving
deep decarbonization of the Nova Scotia economy focusing on the sectors that are the largest emitters
and the most relevant to an electric utility: electricity generation, transportation, and buildings. Emissions
from other sectors (industrial, agriculture, forestry, and non-combustion) are included in the study but

are not the primary focus of the policy analysis discussed in this report.

Figure 2. Nova Scotia Emissions by Sector in 2016
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Source: E3 calculations based on greenhouse gas emissions inventory data and categories for Nova Scotia from

Environmental and Climate Change Canada®

Approach

E3’s modeling approach for this project relied on E3’s deep decarbonization scenario tool, PATHWAYS.

PATHWAYS is an economic, energy, and GHG emissions accounting tool; E3 has used PATHWAYS in

! Greenhouse Gas Inventory from Environmental and Climate Change Canada: https://open.canada.ca/data/en/dataset/779c7bcf-4982-47eb-aflb-
a33618a05e5b

© 2020 Energy and Environmental Economics, Inc. 4lPage
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jurisdictions across North America, including Minnesota, California, Maryland, and Oregon to help utilities

and government agencies develop economy-wide low carbon scenarios. E3 developed a PATHWAYS

model customized to Nova Scotia, as described in detail in Section 2. Figure 3 shows the four “pillars” of

decarbonization for Nova Scotia and other jurisdictions in North America: (1) energy efficiency and

conservation; (2) electrification; (3) low-carbon fuels; and (4) low-carbon electricity. For each pillar, a

range of values is depicted based on the main scenarios evaluated in the study.

Figure 3. Four “Pillars” for Decarbonizing the Nova Scotia Energy System
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Because there is substantial uncertainty about the availability and relative cost of many of the

technologies needed to achieve deep decarbonization, E3 utilizes a scenario-based approach to

guantitative modeling. This report presents the results of several custom scenarios: a “Reference”

© 2020 Energy and Environmental Economics, Inc.
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(business-as-usual) scenario and three core “mitigation” scenarios (Building Electrification Only, Moderate
Electrification, and High Electrification) which vary across a number of dimensions including reliance on
electrification and utilization of advanced, carbon-neutral fuels for heating and transportation. Two
additional “book end” sensitivity scenarios (High Biofuels, Very High Electrification) are discussed in the

appendix. Details on scenario definition are presented in Section 2.4 and Appendix Section 5.2.

Key Findings and Implications for Nova Scotia Power

E3’s PATHWAYS modeling generated several key findings related to deep decarbonization in Nova Scotia.

1. Synergistic action is required across sectors. Figure 5 below lays out a set of strategies and
milestones that will enable the province to reach 80% reductions in greenhouse gases by 2050.
This timeline demonstrates the need for broad and integrated effort across the power,
transportation, and building sectors. Complementary efforts would also be required in industrial
and non-combustion energy sectors, though these efforts were not modeled in detail in this study.
The initial stages of transformation have begun but would need to be accelerated to achieve the

2050 target.

2. Low-carbon electricity is essential to achieving decarbonization by enabling emissions reductions
in the electricity sector, as well as by enabling complementary reductions in buildings and
transportation from electrification. Over the last decade, the electricity sector in Nova Scotia has
reduced emissions by more than 30% relative to 2005 levels, thanks to a transition to cleaner and
renewable energy sources. Maintaining this momentum would require continuing to integrate
low-carbon resources like wind and hydro into its portfolio, while ensuring reliability and

affordability. This transition would enable NSPI to meet energy demand from existing electric load

© 2020 Energy and Environmental Economics, Inc. 6lPage
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as well as new load growth from space and water heating and transportation, without emitting

more carbon.

Figure 4. Nova Scotia Historical Emissions and Projected 2030 and 2050 Emissions by Mitigation Scenario
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Figure 5. Nova Scotia GHG Emissions Reductions Milestones in High Electrification Scenario
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3. Low-carbon electricity alone is not enough to achieve 80% economy-wide reductions. All
mitigation scenarios, including E3’s high electrification scenarios, require additional measures and
actions beyond low-carbon electricity in order to achieve the 80% reduction target. Figure 6 below
presents emissions reductions by measure for the high electrification scenario. Electrification is
used to leverage low-carbon electricity to dramatically reduce emissions from transportation and
buildings. Advanced biofuels were used as the main low-carbon fuel in this analysis to supplement
the emissions savings needed to achieve the 2050 GHG goal, although other options like hydrogen
produced with clean electricity could serve this need as well. However, these strategies will only
be viable if the technologies can reach economies of scale in a global market. Nova Scotia should
therefore monitor the development of these emerging energy sectors and perform more detailed

assessments of their potential deployment in Nova Scotia.

© 2020 Energy and Environmental Economics, Inc. 8lPage
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Figure 6. Emissions Reduction by Strategy for the High Electrification Scenario
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4. Long lifetimes require early action. Investments in infrastructure and equipment can last decades
or more, thus having long-lasting effects on emissions. Because there are a limited number of
investment opportunities to ensure low-carbon alternatives are selected over alternatives that
lead to higher emissions, meeting 2050 goals may require measures to encourage early adoption
of electric and/or low-emissions infrastructure and equipment where possible. Delayed action in
early years may require more costly early retirements or buy-back programs closer to goal years
in order to make up the difference and meet targets. In particular, E3’s mitigation scenarios
assume near-complete electrification of passenger vehicles by 2050, an aggressive target given
there are only around 300 EVs registered in Nova Scotia today. While the costs of electric vehicles
are declining quickly, complementary investments in public charging infrastructure may help

enable widespread adoption. NSPI could start by defining adoption targets, determining the

© 2020 Energy and Environmental Economics, Inc. dlPage
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infrastructure and initiatives needed to achieve those targets, and developing a strategy to

support those markets.

5. Building electrification is dependent on reducing costs and enhancing incentives, which may be
facilitated by the utility and the province. To achieve the levels of electrification modeled in the
decarbonization scenarios, rapid increases in consumer adoption of more efficient and electrified
equipment is required. Adoption is unlikely to meet these targets without lower capital costs and
attractive rate structures. This study includes scenarios which rely on rapid and widespread
adoption of cold climate heat pumps, which are a relatively new technology with significant
emissions reduction potential. This technology is commercially available but not yet broadly
adopted. The currently high up-front costs of this technology could be addressed with government
or NSPI support. From a planning perspective, NSPI must also more thoroughly evaluate the peak
electricity demand impacts associated with widespread electric space heating, which were not
investigated in detail in this study. The Appendix also contains a scenario in which E3 modeled low-

carbon biofuels as an alternative building decarbonization strategy.

6. Gettingto “netzero” will be an even greater challenge, requiring more direct reductions, and/or
carbon removal technologies or carbon offsets. Although this target was not modeled directly
in this study, achieving “net zero” would likely require investments in negative emissions
technologies such as direct air capture or carbon capture and sequestration. These technologies
will be valuable in removing emissions from the hardest-to-decarbonize sectors such as industry.
While not typically cost effective today, these technologies may become more feasible strategies

with cost declines and performance improvements.

© 2020 Energy and Environmental Economics, Inc. wfpage
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1 Background

1.1 Nova Scotia Policy Landscape

Climate change threatens human health and livelihoods around the globe, including risks to Nova Scotians,
particularly given the province’s 7,600 km of coastline and position at the northern end of the Atlantic. In
October 2019, the Nova Scotia legislature passed some of the most ambitious climate targets in North
America, setting goals of reducing greenhouse gas (GHG) emissions by 53% below 2005 levels by 2030
and attaining “net zero” emissions by 2050. This legislation, the Sustainable Development Goals Act,
supersedes the Environmental Goals and Sustainable Prosperity Act of 2007 (updated in 2012), which
included a goal of 10 percent reductions relative to 1990 by 2020 and a goal of 40% electricity generation
from renewables by 2020. This study, commissioned prior to the passage of the SDGA, evaluates pathways
for Nova Scotia to achieve an 80% reduction in GHGs by 2050. This level of climate mitigation is often

referred to as “deep decarbonization”.

1.2 Nova Scotia Existing Greenhouse Gas Emissions

As of 2016, GHG emissions from electricity and heat production made up over 40% of Nova Scotia’s GHG
emissions. This portion of total emissions continues to decline given the province’s transition to cleaner
and renewable fuels; including the addition of Muskrat Falls energy in 2020, the share of NS Power’s non-
emitting sources will reach approximately 60% of the Company’s electricity supply portfolio. The next
largest source of emissions is on-road transportation, which makes up almost a quarter of emissions in

Nova Scotia as of 2016.

© 2020 Energy and Environmental Economics, Inc. nipage
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Figure 7. Total GHG Emissions in Nova Scotia by Sector, 1990-2016
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2 Study Approach

2.1 Study Questions

This analysis investigates pathways to achieving deep decarbonization of the Nova Scotia economy, with
a specific focus on electricity decarbonization and the impacts of economy-wide decarbonization on the

electricity sector.
The key research questions include:

+ What are viable pathways to achieve deep decarbonization in Nova Scotia?

+ What level of electricity sector carbon reductions might be required as part of an economy-wide

deep decarbonization strategy for Nova Scotia?

+ What role might be played by electrification of vehicles and appliances, and how might that

impact electric load served by Nova Scotia Power?

2.2 PATHWAYS Model Framework

This study used E3’s PATHWAYS model to develop emissions projections for a reference scenario and five
mitigation scenarios. The PATHWAYS model is an economy-wide representation of infrastructure, energy
use, and emissions within a specific jurisdiction. E3 developed the PATHWAYS framework in 2008 to help
policymakers, businesses and other stakeholders understand and compare plausible decarbonization
scenarios. The model has since been modified and improved over time in projects that analyze deep
decarbonization in jurisdictions across North America; recent examples include working with the

California Energy Commission and with Xcel Energy in Minnesota.

© 2020 Energy and Environmental Economics, Inc. BBlpage
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E3’s PATHWAYS modeling includes detailed information regarding energy infrastructure including power
plants, trucks, cars, buses and building appliances, industrial processes, and more. Each type of
infrastructure consumes energy and produces emissions differently, but they collectively determine the
region’s emissions trajectory. Many of these technologies are long-lived. For instance, a home built today
will likely still be in use by mid-century. Because investments made in the near-term shape the energy
system of the future, the PATHWAYS model includes a detailed, “bottom-up” stock accounting of the
region’s energy infrastructure on a technology-specific level (Figure 8). With detailed accounting of
residential, commercial, industrial, agricultural and transportation equipment lifetimes, PATHWAYS
determines the pace of change necessary to deploy decarbonization strategies while avoiding costly early

retirement and captures potential path dependencies of near-term decisions.

A second key feature of the PATHWAYS model is its ability to link sectors. This enables PATHWAYS to
identify where aggressive action in one sector can enable emissions reductions elsewhere. For instance,
the detailed treatment of the electricity sector is explicitly tied to the carbon savings associated with

electric vehicles.

Demands for energy in PATHWAYS are driven by forecasts of population, building square footage, vehicle
miles traveled, and other drivers of energy services. The rate and type of technology adoption and energy
supply resources are all user-defined scenario inputs. PATHWAYS calculates energy demand, GHG
emissions, the portfolio of technology stocks in selected sectors, as well as capital costs and fuel costs for
each year between 2015 and 2050. E3 will use the PATHWAYS model to assess the costs of alternative

feasible pathways to decarbonization in Phase 2 of this study.

PATHWAYS also features representation of biofuels availability. Based on an assessment of biofuel
demands, the model optimizes a biofuels portfolio based on available sustainable feedstocks and
selected conversion pathways. The biofuels portfolio meets pre-defined demand for renewable jet

kerosene, renewable diesel, and renewable natural gas.

© 2020 Energy and Environmental Economics, Inc. Wipage
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Figure 8. Infrastructure Lifetimes in PATHWAYS
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2.3 Nova Scotia PATHWAYS Model

E3 built a bottom-up PATHWAYS model of the Nova Scotia economy using the LEAP tool (Long-range Energy
Alternatives Planning System)2. This modeling tool implements the framework described above and is
customized to the desired region. In particular, the model quantifies the energy and emissions associated
with the projected trends in consumption and production in all sectors of an economy, and also accounts
for complementary policies targeting future emissions. E3 built a model of Nova Scotia’s energy and non-
energy emission sources, projecting them through 2050 using multiple scenarios to understand different
pathways that can be reached through complementary actions across the province. E3 notes that this study

does not perform detailed electricity sector modeling of the Nova Scotia system, given this modeling will

2 LEAP is developed by the Stockholm Environment Institute. More information on the LEAP software can be found at
WWWw.energycommunity.org

© 2020 Energy and Environmental Economics, Inc. 1ipage
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occur during the 2020 IRP. Instead, E3 utilized a range of plausible carbon intensities typical of a more deeply
decarbonized system, and assumed this range of emissions intensities would be associated with plausible
future NPSI loads. As noted in the conclusion, more detailed electricity sector modeling should be

performed within the context of the IRP or in future NSPI study

Figure 9. PATHWAYS Energy Modeling Framework Utilized for Nova Scotia Study
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2.4 Scenarios

The study considers one reference scenario, which reflects the NS government’s greenhouse gas
reduction target in 2030 of a 45-50% GHG reduction below 2005 levels, as of the study initiation. At the
time, this was more ambitious than the federal target of 30% below 2005 levels by 2030. In the Reference
scenario, the 2030 target was held flat across the remaining period to serve as a baseline for comparing
against the mitigation scenarios, all of which meet 80% emissions reductions by 2050. The study considers

one reference and three primary mitigation scenarios.

© 2020 Energy and Environmental Economics, Inc. lpage
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e Reference Scenario: The current policy scenario includes the 2030 hard cap on emissions from
the electricity sector as required by the 2009 Greenhouse Gas Emissions Regulations® and utility-
driven energy efficiency. This scenario also assumes some improved appliance and vehicle
efficiency standards and further electric sector emissions reductions in 2040-2050, beyond the
2030 hard cap as required by the 2009 Greenhouse Gas Emissions Regulation. This Reference
scenario is based on current stock and sales of devices as represented by publicly available

governmental data sources, and is not based on NS Power produced internal load forecasts.

e High Electrification Scenario: This mitigation scenario relies on significant energy efficiency, near-
complete electrification of space and water heating demands by 2050, and complete
electrification of light duty vehicles by 2050, with significant electrification of other transportation
sectors. Some emissions reductions are achieved from advanced biofuels to displace fossil

combustion, especially in freight transportation; industry; and other off-road transportation.

¢ Moderate Electrification Scenario: This mitigation scenario relies on significant energy efficiency
and achieves about half of the building and transportation electrification achieved in the High
Electrification Scenario. Additional emissions reductions come from use of advanced biofuels to

displace fossil fuel combustion.

e Building Electrification Only Scenario: A mitigation scenario that relies on significant energy
efficiency and achieves near-complete electrification of space and water heating demands by 2050.
Because there is no transportation electrification, additional emissions reductions come from use

of advanced biofuels to displace fossil fuel combustion.

3 The Greenhouse Gas Emissions Regulations set hard cap on electricity emissions
https://www.novascotia.ca/JUST/REGULATIONS/regs/envgreenhouse.htm
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Two additional “bookend” scenarios —one focusing on more extreme reliance on biofuels and the other
focusing on more extreme reliance on electrification — were also modeled. These scenario assumptions
and results are available in the report appendix. Key assumptions are also reported in Table 1 below. E3
notes that it developed its assumptions using publicly available data sources, and that these explicitly do

not reflect NSPI's assumptions.

Figure 10. Historical Greenhouse Gas Emissions and 2050 Greenhouse Gas Targets
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Table 1. Key Assumptions Across Scenarios

Reference

High Electrification

Building Electrification

Moderate Electrification

Only

commercial sector

100% sales of electric cookstoves by 2040

2050 GHG 3.5 MMT COe 2.0 MMT COe 1.5 MMT CO,e 1.65 MMT CO,e
emissions

budget for

electricity

generation

Building energy None 54% of homes are assumed to have significant weatherization upgrades by 2050,
efficiency leading to a 7% reduction in space conditioning demands

Sales of electric 25% sales of air source 100% sales of heat pump space heaters and water 50% sales of heat pump
heat pump heat pumps for space heaters by 2030 in the residential sector space heaters and water
equipment / heating by 2050 98% sales of heat pump space heaters and 93% heaters by 2040 in the
other appliances sales of heat pump water heaters by 2040 in the residential and

commercial sectors
50% sales of electric
cookstoves by 2050

Zero-emission

LDVs: 2% Zero Emission

LDVs: 100% ZEV sales

Same as Reference

LDVs: 50% ZEV sales by

vehicles Vehicles (ZEV*) sales by by 2040 2040
2050 MDVs: 80% EV sales by MDVs: 90% diesel electric
MDVs: 10% compressed 2040 and 9% diesel hybrid sales by 2050
natural gas sales, 2% EV electric hybrid sales by HDVs: 100% diesel
sales and 1.5% H, fuel cell | 2050 electric hybrid sales by
sales by 2050 HDVs: 60% EV sales 2050
HDVs: 10% compressed and 40% diesel electric Buses: 5% EV sales by
natural gas sales and 0.5% | hybrid sales by 2040 2030
EV sales by 2050 Buses: 60% EV sales by
Buses: 5% EV sales by 2040
2030
Vehicle fuel U.S. CAFE standards for LDVs through 2026
economy
Advanced None Advanced biofuels using agricultural residues and forestry wastes assumed to be
Biofuels available, based on assumption of broader North American biomass feedstock
market
Non-energy None 30% reductions relative to 2016

*ZEV: Zero Emission Vehicles include battery electric (BEV) and plug-in hybrid electric (PHEV) vehicles.

© 2020 Energy and Environmental Economics, Inc.
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2.5 Model Inputs

As described above, PATHWAYS is a stock rollover modeling framework which projects energy demands and
the associated GHG emissions. Input data for PATHWAYS were constructed based on Canadian and United
States government data. Data on device efficiencies and average lifetimes were sourced from the United

States National Energy Modeling System (NEMS) as used in the Annual Energy Outlook (AEO) 2019.

2.5.1 FIRST YEAR EMISSIONS BENCHMARKING

In each sector of the economy, E3 created a representation of base year (2016) infrastructure and energy,
and identified key variables that drive activity changes over the duration of each scenario (2017-2050). E3
benchmarked the Nova Scotia PATHWAYS model created for this analysis to Nova Scotia 2016 emissions

from the Canadian Government 2016 GHG Inventory data for Nova Scotia.

2.5.2 KEY DRIVERS AND DEMOGRAPHICS

To project future energy use and corresponding emissions, E3 projected key macroeconomic variables
that drive energy services demands. The most impactful inputs are population growth, household growth,
and growth in vehicle miles traveled (VMT). For these key variables, E3 assumed flat growth from 2015-
2050. This assumption is based on population trends as seen in the National Energy Board (NEB) Reference
forecast, which projects slightly negative population growth through 2040. However, E3 conservatively
forecasts flat population growth, indicating that fundamental demand for energy services does not change

over time.
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2.5.3 BUILDING SECTOR

2.5.3.1 Base Year

In 2016, Nova Scotia had a population of about 942,000 people residing in about 403,000 households.*
The buildings sector includes energy usage for residential and commercial customers. In a stock rollover
approach, total energy usage in buildings is decomposed into energy use per device multiplied by number
of devices. In the residential subsectors, E3 performed a stock rollover of physical devices themselves (e.g.
number of natural gas furnaces). Because of the more heterogenous nature of commercial buildings and
the difficulty in comparing physical devices across commercial building types, in the commercial
subsectors E3 abstracts stock rollover into modeling the unit of stock as a square footage of commercial

building.

E3 sourced data on population and number of households from Natural Resources Canada (NRCAN) data
when available, filling in gaps with the New England region of the NEMS database when NRCAN data are
unavailable. To calculate the distribution of device types within a subsector (e.g., the percentage of
residential space heaters which are natural gas versus electric resistance), E3 again relies on NRCAN data.
Device efficiency data are sourced from the United States National Energy Modeling System (NEMS)>. For
energy services demand per household or per commercial square foot, NEMS data are used as a default
and modified to benchmark to NRCAN data. For residential subsectors, NRCAN data are available for the
Nova Scotia province, and for commercial subsectors an emissions-weighted downscale of the Atlantic

provinces region are used.

4 National Energy Use Database by Natural Resources Canada:
http://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/menus/trends/comprehensive_tables/list.cfm

5 Updated Buildings Sector Appliance and Equipment Costs and Efficiencies. Report by Navigant Consulting, Inc. and Leidos (formerly SAIC) for the US
Energy Information Administration. https://www.eia.gov/analysis/studies/buildings/equipcosts/pdf/full.pdf
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Table 2. Representation of 2016 Building Energy Consumption by Subsector in Nova Scotia

Sector

Subsector

Modeling Approach

Energy Use in
2016 [TBtu]

Percent of 2016

Building Energy Use

[%]

Residential Central Air Conditioning Stock Rollover 0.09 0%
Room Air Conditioning Stock Rollover 0.09 0%
Building Shell* Stock Rollover - 0%
Clothes Drying Stock Rollover 0.83 1%
Clothes Washing Stock Rollover 0.07 0%
Cooking Stock Rollover 0.42 1%
Dishwashing Stock Rollover 0.25 0%
Freezing Stock Rollover 1.11 2%
Reflector Lighting Stock Rollover 0.24 0%
General Service Lighting Stock Rollover 1.05 2%
Exterior Lighting Stock Rollover 0.17 0%
Linear Fluorescent Lighting Stock Rollover 0.18 0%
Single Family Space Heating Stock Rollover 28.20 45%
Refrigeration Stock Rollover 3.22 5%
Water Heating Stock Rollover 6.39 10%
Other* Total Energy by Fuel - 0%

Commercial | Air Conditioning Stock Rollover 2.07 3%
Cooking Stock Rollover 0.35 1%
General Service Lighting Stock Rollover 1.38 2%
High Intensity Discharge Lighting Stock Rollover 0.20 0%
Linear Fluorescent Lighting Stock Rollover 1.44 2%
Refrigeration Stock Rollover 2.72 4%
Space Heating Stock Rollover 7.89 13%
Ventilation Stock Rollover 1.27 2%
Water Heating Stock Rollover 1.10 2%
Other* Total Energy by Fuel 1.88 3%

All Buildings Subsectors 62.59 100%

*Building Shell is modeled to represent potential deep home retrofits and other measures which significantly reduce space
conditioning demands. By itself a Building Shell stock does not consume energy, but E3 models an Efficient building shell reducing
space heating service demand by 20%.

*Residential Other includes furnace fans, plug loads (e.g. computers, phones, speakers, printers), secondary heating, fireplaces,
and outdoor grills. Commercial Other includes plug loads, office equipment, fireplaces, and outdoor grills.
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2.5.3.2 Reference Scenario

The primary measure represented in buildings for the Reference Scenario is the achievement of electric
energy efficiency. Energy efficiency in buildings is implemented in the PATHWAYS model in the form of
increased device efficiencies for new building devices. Specifically, E3 assumes a greater share of high
efficiency appliances or lighting are purchased and therefore used in the residential and commercial
sectors. New equipment is typically assumed to replace existing equipment “on burn-out”, e.g., at the end
of the useful lifetime of existing equipment. Efficiency improvements in new devices are included in the
NEMS forecast of device efficiency improvements. In addition, a percentage of the current stock of electric
resistance space heating is swapped to heat pump space heaters as heat pump space heaters provide
large efficiency improvements. Table 3 documents key assumptions for the Reference Scenario, and
Figure 11 provides an example of the stock rollover assumed in the Reference Scenario, showing

residential space heating stock.

Table 3. Reference Scenario Assumptions for Building Energy Efficiency

Category of Building Measures Reference Scenario Assumption
Device efficiencies NEMS reference technology efficiency improvements
Building electrification 20% of space heater sales are heat pumps by 2020
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Figure 11. Stock Rollover from the Reference Case: Residential Space Heating
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Since the model is based on a bottom-up forecast of technology stock rollover in the residential and
commercial sectors, the model does not use a single load forecast or energy efficiency savings forecast as
a model input. It is important to note that the modeling assumptions used in this analysis may not reflect

specific future energy efficiency programs or activities.

2.5.3.3 Mitigation Scenarios

The mitigation scenarios include varying levels of aggressive energy efficiency and building electrification
measures. These mitigation scenarios are designed to test a range of future outcomes for building
electrification, which in practice, will depend on the availability of incentives for building electrification as
well as future technology trends and fuel cost trajectories. The scenarios are not attempting to predict future
consumer adoption based on economics alone. Three major mitigation categories are modeled in the

Buildings sector:
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1. Building retrofits for high efficiency building shells: Deep home retrofits of existing buildings are

performed when space conditioning appliances are replaced, in addition to mandating ultra-efficient

building shells for new homes and commercial buildings. These efficient building shells reduce the

demand for space conditioning by up to 20% over a Reference building shell.

2. New appliance sales: In addition to the efficiency of conventional devices improving over time, new

appliance sales begin switching over to efficient alternatives, such as EnergyStar appliances.

3. Building electrification: As discussed in the Reference scenario,

heat pump space heaters have

significant GHG mitigation benefits since heat pumps are significantly more efficient than conventional

fossil or electric alternatives over an annual energy basis.

Table 4 documents the key building mitigation measure utilized in the modeling, while Figure 12 and Figure

13 show a stock rollover of residential space heating in the Moderate and Building/High Electrification

scenarios respectively.

Table 4. Building Mitigation Measures

Category of Building
Measures

Building Electrification Only

Moderate Electrification
Scenario

High Electrification Scenario

Building retrofits for high
efficiency building shells

100% adoption of efficient building shell and weatherization measures by 2040

New appliance sales

100% of new sales of all appliances are assumed to be efficient (e.g. EnergyStar) by 2030 (except

space heaters, which are considered below).

Building electrification

100% sales of electric heat
pumps by 2030

50% sales of electric heat
pumps by 2030

100% sales of electric heat
pumps by 2030
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Figure 12. Stock Rollover in the Moderate Electrification Scenarios: Residential Space Heating
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Figure 13. Stock Rollover in the Building Electrification and High Electrification Scenarios: Residential
Space Heating
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2.5.4 TRANSPORTATION SECTOR

2.5.4.1 Base Year

The Nova Scotia PATHWAYS model includes a stock-rollover representation of five transportation sectors
and an energy representation of seven subsectors. Sectoral energy demand is benchmarked to energy
consumption from the Nova Scotia GHG Inventory for 2016 and is disaggregated by subsector based on
the EIA National Energy Modeling System (NEMS) technology characterization and additional data from
Nova Scotia GHG Inventory and federal Canadian data on vehicle miles traveled (VMT) by vehicle class.

All subsectors represented in the transportation sector are listed in Table 5.
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Table 5. Representation of 2016 Transportation Energy Consumption by Subsector in Nova Scotia

Subsector Modeling Approach Energy Use in 2016 Percent of 2016

[TBtu] Transportation Energy

Use [%]

Long Wheelbase Light Stock Rollover 25.81 35%
Duty Vehicle (Long LDV)

Short Wheelbase Light Stock Rollover 17.13 23%
Duty Vehicle (Short LDV)

Heavy Duty Trucks Stock Rollover 13.67 18%

Other (all other Total Energy by Fuel 11.67 16%

transportation energy to
benchmark to the GHG
Inventory, including
shipping; rail; other non-
road and off-road

vehicles)
Aviation Total Energy by Fuel 2.87 4%
Medium Duty Trucks Stock Rollover 2.61 4%
Buses Stock Rollover 0.73 1%
All Transportation Subsectors 74.48 100%

2.5.4.2 Reference Scenario

The main driver of energy reductions in the Reference scenario are continued federal Light Duty Vehicle
(LDV) Corporate Average Fuel Economy (CAFE) Standards. While there is continued policy uncertainty in
the US around CAFE standard implementation, E3 understanding is Canada has pledged to continue
following CAFE standard improvements through model year 2026, and as such those improvements are
modeled within this analysis. In addition, a nominal amount of electric passenger vehicles (codified as
short and long wheelbase light duty vehicles in the table above), and a small amount of electric bus sales

are modeled. Figure 15 presents the reference case stock rollover graph for light duty electric vehicles.
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While freight trucks as a whole consume less energy and emit fewer emissions than passenger vehicles,
the energy and emissions demands from freight trucking are not insignificant. There are currently a small

amount of compressed natural gas (CNG) vehicle sales in Nova Scotia, and a small market for CNG trucks

continues to be modeled in the Reference scenario.

Figure 14: Fuel Economy for New Light Duty Vehicles (LDVs)
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Figure 15. Stock Rollover from the Reference Scenario and Building Electrification Scenario: Light Duty

Vehicles
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2.5.4.3 Mitigation Scenarios

The main vehicle decarbonization measure in the mitigation scenarios is electrification of internal
combustion engine vehicles to electrified alternatives; these alternatives range from hybrid-electric
vehicles to zero emission vehicles (ZEV) such as battery electric (BEV) and plug-in hybrid electric (PHEV).
Table 6 below documents the main mitigation measures used in constructing the three mitigation

scenarios.
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Table 6. Transportation Mitigation Measures

Category of Transportation Building Moderate High Electrification
Measures Electrification Electrification Scenario
Scenario
Zero-emission Light Duty Same as Reference Reach 50% annual 100% annual sales by
Vehicle (LDV) sales (2% by 2020, flat at sales by 2040 (15% of | 2040 (20% of ZEV are
2% after) the ZEV are PHEV) PHEV by 2050)
Zero-emission Medium Duty None By 2050 achieve 90% By 2040 assume 80%
Vehicle (MDV) sales sales of Diesel annual sales of ZEV
Hybrids MDVs
Zero-emission Heavy Duty None By 2050 achieve 100% | By 2040 assume 60%
Vehicle (HDV) sales sales of Diesel annual sales of ZEV
Hybrids HDVs
Zero-emission Bus sales Same as Reference Same as Reference By 2040 assume 60%
(5% by 2030, flat at (5% by 2030, flat at annual sales of ZEV
5% after) 5% after) Buses.

Note: The Very High Electrification Scenario (provided in the Appendix) includes some electrification of the Transportation Other
subsector. That means 60% of all other transportation fuels which are uncategorized or unknown are electrified.

Figure 16. Stock Rollover from the Moderate Electrification Scenario: Light Duty Vehicles
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Figure 17. Stock Rollover from the High Electrification Scenario: Light Duty Vehicles
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2.5.5 ELECTRICITY SECTOR

To assess potential decarbonization in the electricity sector, E3 identified a range of emissions intensities
associated with deeply decarbonized electricity systems and developed a trajectory for NSP to attain an
emissions intensity within this range. E3 did not perform detailed electricity dispatch modeling,
recognizing that this would be performed in the upcoming IRP. In particular, E3 recognizes that a more
detailed assessment of integrating renewables, primarily wind, will include evaluating the variability of
wind output; grid strength and stability; seasonal energy requirements; and reduced capacity contribution
of wind when replacing firm thermal units. This modeling assumes that NSPI can achieve a reduction in
emissions intensity of at least 80% relative to 2005 levels. E3 recommends further study on the cost,
reliability, and potential of electricity sector decarbonization under deep decarbonization and load growth

scenarios.
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2.5.6 OTHER ENERGY (INDUSTRIAL) SECTOR

The “other energy” category mainly consists of industrial energy activities. Because energy emissions
from the industrial sector are relatively low compared to buildings and transportation, efficiency or
electrification measures for industry are not modeled in the main mitigation scenarios. However,
emissions do decline in industry in all three main mitigation scenarios due to biofuels replacing up to 72%

of diesel consumption.

2.5.7 NON-ENERGY SECTOR

Non-energy greenhouse gas emissions include methane and other high global warming potential gases
from agriculture, waste, and industrial processes. By 2050, all mitigation scenarios are assumed to achieve
30% reductions in non-energy emissions relative to 2006. These reductions could be achieved by changes
in agricultural practices, increased methane control and treatment for municipal solid waste, and the
phase down of (hydrofluorocarbons) HFCs. For HFCs in particular, Canada’s ratification of the Kigali
Amendment in 2017 established a nationwide target of 85% reduction in HFC consumption by 2036,

relative to 2016 levels.

2.5.8 BIOFUELS SECTOR

Advanced renewable biofuels, i.e., drop-in fuels which are chemically indistinguishable from the
conventional fossil alternative, are a potentially important resource option when decarbonizing certain
subsectors, particularly those which are difficult to electrify or otherwise convert to other low-carbon
alternatives. These advanced renewable fuels are modeled as carbon neutral from a life cycle emissions
perspective. There is a limited supply of appropriate biomass feedstock which can be used to produce
biofuels, and the competing demands for biofuels are contingent on a regional biofuels market to

incentivize the appropriate capital investments into biofuel conversion refineries.
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Due to limited data regarding the biomass resource potential for biofuel production in Canada, E3 used
the United States Department of Energy Billion Ton Study (BTS) dataset to calculate feedstock
availability and costs for biofuels produced from US feedstocks, and then converted this amount to an
estimate of the amount of available feedstocks expected to be available in Canada. The BTS dataset was
updated in 2016, and its base assumptions include over one billion tons of biomass potential by 2040,
incremental to resources currently utilized. However, most of this resource is new purpose-grown crops
and forests, which E3 excludes from this analysis due to concerns about their sustainability. The
advantage of using the BTS data is that it includes biomass supply curves that account for the costs of
reserving, collecting, and transporting the raw biomass for central processing. Conversion efficiencies
and costs and long-distance transport are layered on top of the raw feedstock costs. Detailed conversion

assumptions for biofuels are available in Appendix Table 12.

Figure 18. US Billion Ton Study (BTS) National Feedstock Supply
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Using population data and United Nations Food and Agriculture Organization (FAO) data on acreage of

various agricultural resources within Canada, E3 estimated the Canadian biomass potential at 128 million

dry tons by 2040 excluding purpose-grown crops. E3 considered modifying some of the crop and tree
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feedstock categories to be more representative of Canadian resources, such as by replacing corn with
colder climate grains like barley and replacing hardwood (deciduous trees) with softwood (coniferous).
However, the results are not especially sensitive to the particular feedstock and conversion assumptions,
because Canada’s supply is likely many times greater on a per capita basis than in the US. Although there
is a potentially large supply of biofuels, if these resources were developed for commercial use, it may be
feasible for Canada to export these biofuels into a global market as decarbonization proceeds elsewhere.
While it is technically feasible for Nova Scotia to rely exclusively on Canadian biomass feedstocks and
produce biofuels, such a strategy would be inconsistent with the global action necessary to achieve deep
decarbonization and limit warming to below 2 degrees Celsius. Given this, these scenarios do not rely
exclusively on domestic biomass feedstocks to produce biofuels, instead considering mitigation measures

such as efficiency, electrification, and other types of fuel switching.

As noted above, E3 modeled a “bookend” scenario in which Nova Scotia pursues deep decarbonization
using solely biofuels, which is presented in the appendix. Biomass is not used for electricity generation in
this study. This might be a lower cost solution than using biomass for biofuel production and direct end-

uses, but there may be other constraints limiting the ability to use biomass for electric generation.
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Table 7. US 2040 Biomass Feedstock and potential Canadian equivalent with appropriate scaling factor

Feedstock US Potential (Million Scaling factor to convert Estimated Canadian

Tons) US potential to estimated  Potential (Million Tons)

Canadian potential

Ag Residues 198 | Cropland 62
Purpose-Grown 604 | Cropland 189
Grasses
Food Waste 8 | Population 1
Forest Residues 44 | Forest 49
Manure 18 | Cropland 6
Other MSW 85 | Population 10
Purpose-Grown 95 | Forest 106
Trees
Total 1,051 423
Total Excl. 352 128
Purpose-Grown
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3 Results

The results in this section demonstrate the transformative change that must occur in order to achieve
80% GHG reductions (relative to 2005) by 2050. The Reference scenario reflects projected economic
activity without an economy-wide emissions budget, while the three mitigation scenarios reflect a target
economy-wide 2050 emissions budget of 4.6 MMT, utilizing the PATHWAYS model and assumptions

outlined in Section 2.

3.1 Economy-wide GHG Emissions

While all three of the mitigation scenarios achieve 80% reductions by 2050, the scenarios diverge in their
allocation of emissions across sectors. Figure 19 represents the total emissions allowed (and projected to
be achieved) in each sector of the economy. In scenarios with greater electrification, E3 allocated
additional emissions budget to the electricity sector in order to accommodate the greater portion of
energy demand met by the electricity sector. E3 notes that detailed electricity sector modeling was not
done for this PATHWAYS study. Rather, E3 determined electricity sector emissions budgets with implied
emissions intensities that fell within a range of electricity sector emissions intensities that were consistent
with a deeply decarbonized NSP system. This was done as a preliminary step in order to assess the
feasibility of a given budget, and the utility’s ability to reduce emissions to a given level while meeting

growing demand, ensuring reliability, and maintaining reasonable costs.

Across the three mitigation scenarios, the High Electrification scenario assumes the highest level of
building and transportation electrification. The Moderate Electrification scenario, alternately, assumes
end-use electrification in the building and transportation sectors is slower and thus more emissions

remain in those sectors. The Building Electrification Only scenario looks at a hypothetical future in which
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aggressive building electrification occurs, but no similar vehicle electrification; thus, most transportation
sector emissions persist. This demonstrates that a range of electrification levels are possible while still

meeting the 80% reduction, as shown in Figure 19 below.

E3 does not model the detailed changes that may occur in non-energy emissions, which include
agriculture, waste, and some industrial processes. Rather, E3 assumes all mitigation scenarios achieve
30% reduction in non-energy emissions relative to 2016. The “other energy” category mainly consists of
industry energy activities for which E3 do not model any efficiency or electrification measures, since
emissions are relatively low compared to buildings and transportation. Across the sectors, remaining
emissions include emissions from hard-to-electrify end-uses, such as long-haul trucks, aviation, shipping

and industrial activities.
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Figure 19. Nova Scotia 2050 Mitigation Scenario Sectoral Share of Carbon Emissions Budget (4.6 MMT)
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Figure 20. Share of Greenhouse Gas Reductions by Measure in 2050 (6.5 MMT, Relative to Reference)
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Note: Emissions reductions from Electrification and Clean Electricity measures are interdependent and were not
modeled separately in this analysis. Thus, allocations to these two categories are preliminary approximations.

3.2 Final Energy Demand

Final energy demand includes demand for energy of all forms across sectors. Final energy demand falls
over time as a result of the combined impact of energy efficiency in all sectors (buildings, industry and
transportation), as well as the efficiency savings associated with electrification. Improvement in new
appliance efficiency, on-road vehicle efficiency, and building shells are among the energy efficiency
measures that contribute to reductions in final energy demand. Electrification also contributes significant
reductions in final energy demand. For example, heat pumps are assumed to have an average efficiency
of 350% in delivering space heating, almost four times as efficient as even a high-efficiency furnace with

90% efficiency. In transportation, electrification lowers total energy demand given the relatively greater
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efficiency from switching from internal combustion engines in vehicles (~40 MPG) to electric motor

drivetrains in the transportation sector (~150-180 MPGe).

Final energy demand in the High Electrification scenario is about 20% lower than in the other two
mitigation scenarios, thanks to the efficiency gains from high levels of electrification. Building and
transportation electrification, together with building shell improvements, reduce final energy demand by

~60 TBtu, ~40% below the Reference scenario.
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Figure 21. Nova Scotia Final Energy Demand
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Figure 22. Final Energy Demand by Fuel Type and Scenario in 2050
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3.3 Electricity Sector

3.3.1 ELECTRICLOAD

PATHWAYS generates electric load by aggregating the electricity demand of end-use appliances, devices
and activities in all sectors (buildings, transportation and industry). The change in electric load is
determined by the level of electrification and the magnitude of energy efficiency measures (such as
device-level efficiency gain and behavioral conservation). Our analysis determines a budget for the
electricity sector based on our estimates of feasible emissions intensities for a deeply decarbonized

system, the emissions reductions in the other sectors, and the economy-wide emissions reduction goal.

This study’s results show that the High Electrification Scenario projects electric load growth due to
increasing level of transportation and building electrification. In contrast, the Moderate Electrification
scenario projects moderate load growth because increased heat pump and EV load is offset by reduced
load from conversion of resistance heaters to more efficient heat pumps, and from decreased space heat
demands due to highly efficient building shell measures. The Building Electrification Only scenario has
similar annual load as the Reference scenario due to a larger effect of heat pump load offset by building

shell improvement.
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Figure 23. Annual Electricity Demand (excluding losses) by Scenario, 2015-2050
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As Table 8 shows below, in all mitigation cases the electric sector achieves over 80% emissions reductions
relative to 2005 levels. Even in the High Electrification scenario in which E3 have significant vehicle and
building electrification (and corresponding load growth), the electric sector must hit an 80% by 2050
decarbonization target. If transportation electrification is not included and only building electrification
occurs, the burden is much greater on electricity as it must hit an 87% emissions reduction relative to
2005 levels. As noted in Section 2.5.5 above, this analysis relies on assessed bounds of feasible electric
sector emissions intensities. More detailed electric sector simulation with increased loads is necessary to
more completely evaluate costs and reliability, as well as considering the different resource constraints

and peak load impacts of various electrification technologies.
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Reference Building Moderate High
(2050) Electrification Electrification Electrification
Only (2050) (2050) (2050)
Electricity Demand 11.08 10.80 9.67 9.44 10.00 12.20
(TWh)
Emissions (MMT 10.77 6.58 3.5 1.5 1.65 2.0
COze)
Percent Reduction n/a 39% 68% 87% 85% 81%
relative to 2005
emissions (%)
Emissions Intensity 0.972 0.609 0.362 0.158 0.165 0.163
(MMT/TWh)
Percent Reduction n/a 37% 63% 84% 83% 83%
relative to 2005
intensity (%)

3.3.2 PEAKIMPACTS

Nova Scotia is a winter peaking electricity system, driven by electric resistance space heating. E3’s
modeling indicates that this winter peak may increase as a result of electrified space heating, driven by
customers switching away from oil furnaces, the most prevalent heating appliances in Nova Scotia, to heat
pumps. E3 notes, however, that as temperature drops, heat pump efficiencies decline until, in very cold
conditions, heat pumps revert to electric resistance mode as back-up heat. Because heat pumps might
operate in electric resistance mode during the coldest winter hours in Nova Scotia, there would be no
reduction in peak load impact from switching from electric resistance units to heat pumps, even though

switching from electric resistance units to heat pumps would provide efficiency gains for most of the year.

In this analysis, E3 estimated a range of heat pump impacts on peak demand by assuming a range of heat
pump performance and weather conditions. Results show that the High Electrification scenario could have

a peak impact between 304 MW and 1080 MW, depending on the temperature of the coldest day and the
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efficiency of the heat pump technology (Figure 24). The Moderate Electrification case could generate a

smaller peak impact of between 155 MW and 552 MW.

This analysis shows the impact of heat pump electrification on peak loads could be a significant driver of
peaking capacity requirements and reliability impacts on the electricity sector, and merits further
investigation. However, note that that while a range of heat pump peak impacts were modeled, other
measures can reduce this peak impact. These measures include, for example, using ground source heat
pumps, which operate a thermal loop using underground pipes and are less affected by ambient
temperature conditions. Another method to reduce electrified space heating peak effects is to pair a new
heat pump space heater with an existing thermal backup (such as an oil furnace) for very cold hours. In
this way the heat pump space heater allows for the majority of space heat demands to be met with
decarbonized electricity throughout the year, but during peak cold hours the thermal furnace provides
supplemental heat. Since a majority of Nova Scotian households currently have some type of oil furnace
or wood stove, this might be a significantly more effective cost mitigation strategy than building electricity

capacity to meet space heat peak impacts from electrified space heaters with no thermal backup source.
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Figure 24. Estimated Space Heating Incremental Peak in 2050* (MW)
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*Note: These ranges estimate the impact of electrifying fossil furnaces with air source heat pumps. The ranges
estimate the impacts of different types of air source heat pump technologies, but do not account for other
measures which might reduce peak impacts. As discussed in the text above, using a ground source heat pump, or
using air source heat pumps with thermal backups, would cause smaller incremental peak impacts from space

heat electrification.

3.4 Biofuel Demand

Biofuels are utilized as a carbon-neutral source of energy. Biofuel demand in the High Electrification

Scenario peaks at 14 TBtu in 2030 and slightly decreases after 2030 due to highly electrified end-uses and

© 2020 Energy and Environmental Economics, Inc. 471Page



Nova Scotia Power IRP Final Report Appendix A Page

cleaner electricity to meet the GHG reduction goals (Figure 25). Biofuel is used mainly in the hard-to-
electrify sectors such as long-haul trucks, aviation, shipping and industry. The Moderate Electrification
and the Building Electrification Only scenarios have increasing biofuel demand through 2050 using
biofuels for all types of end-uses but primarily for vehicles to meet the increasingly stringent economy-

wide GHG goals.

Figure 25. Final Energy Demand by Scenario
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4 Conclusions

This climate pathways analysis illustrates that achieving deep decarbonization will require tremendous
shifts within the energy sector in just over 30 years. Efficiency and conservation, electrification, low carbon
electricity, and low carbon fuels are all “no regrets” strategies that can help Nova Scotia to achieve
economy-wide deep decarbonization. The section below discusses these key findings, implications for

NSPI, and areas for future research.

4.1 Key Findings and Implications for NSPI

This report illustrates several key findings related to how to make this transition in Nova Scotia, and the

actions NSPI can take to support this transition.

1. Synergistic action is required across sectors. Figure 5 in the Executive Summary lays out a set of
strategies and milestones that will enable the province to reach 80% reductions by 2050. This
timeline demonstrates the need for broad and integrated effort across the power, transportation,
and building sectors. Complementary efforts would also be required in industrial and non-
combustion energy sectors, though these efforts were not modeled in detail in this study. The
initial stages of transformation have begun but would need to be accelerated to achieve the 2050

target.

2. Low-carbon electricity is essential to achieving decarbonization by enabling emissions
reductions in the electricity sector as well as complementary reductions in buildings and
transportation. Over the last decade, the electricity sector in Nova Scotia has reduced emissions

by more than 30% relative to 2005 levels, thanks to a transition to cleaner and renewable energy
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sources. Maintaining this momentum would require continuing to integrate low-carbon resources
like wind and hydro into its portfolio, while ensuring reliability and affordability. This transition
would enable NSPI to meet energy demand from existing electric load as well as new load growth

from space and water heating and transportation, without emitting more carbon.

3. Low-carbon electricity alone is not enough to achieve 80% economy-wide reductions. All
mitigation scenarios, including E3’s high electrification scenarios, require additional measures and
actions beyond low-carbon electricity in order to achieve the 80% reduction target. Figure 6 in the
Executive Summary presents emissions reductions by measure. Electrification can also leverage
low-carbon electricity to dramatically reduce emissions from transportation and buildings. That
said, inthe scenarios modeled here, other low-carbon fuels are still needed to provide incremental
carbon-neutral energy services after all economic clean energy and electrification measures are
implemented. Advanced biofuels were used as the main low-carbon fuel in this analysis, although
other options like hydrogen produced with clean electricity could serve this need as well.
However, these strategies will only be viable if the technologies can reach economies of scale in
a global market. Nova Scotia should therefore monitor the development of these emerging energy

sectors and perform more detailed assessments of their potential deployment in Nova Scotia.

4. Long lifetimes require early action. Investments in infrastructure and equipment can last decades
or more, thus having long-lasting effects on emissions. Because there are a limited number of
investment opportunities to ensure low-carbon alternatives are selected over alternatives that
lead to higher emissions, meeting 2050 goals may require measures to encourage early adoption
of electric and/or low-emissions infrastructure and equipment where possible. Delayed action in
early years may require more costly early retirements or buy-back programs closer to goal years
in order to make up the difference and meet targets. In particular, E3’s mitigation scenarios
assume near-complete electrification of passenger vehicles by 2050, an aggressive target given

there are only around 300 EVs registered in Nova Scotia today. While the costs of electric vehicles
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are declining quickly, complementary investments in public charging infrastructure may help
enable widespread adoption. NSPI could start by defining adoption targets, determining the
infrastructure and initiatives needed to achieve those targets, and developing a strategy to

support those markets.

5. Building electrification is dependent on reducing costs and enhancing incentives, which may be
facilitated by the utility and the province. To achieve the levels of electrification modeled in the
decarbonization scenarios, rapid increases in consumer adoption of more efficient and electrified
equipment is required. Adoption is unlikely to meet these targets without lower capital costs and
attractive rate structures. This study relies on rapid and widespread adoption of cold climate heat
pumps, which are a relatively new technology with significant emissions reduction potential. This
technology is commercially available but not yet broadly adopted. The currently high up-front
costs of this technology should be addressed with government or NSPI support. From a planning
perspective, NSPI must also more thoroughly evaluate the peak electricity demand impacts
associated with widespread electric space heating, which were not investigated in detail in this
study. The Appendix also contains a scenario in which E3 modeled low-carbon biofuels as an

alternative building decarbonization strategy.

6. Gettingto “net zero” will be an even greater challenge, requiring more direct reductions, and/or
carbon removal technologies or carbon offsets. Although this target was not modeled directly
in this study, achieving “net zero” would likely require investments in negative emissions
technologies such as direct air capture or carbon capture and sequestration. These technologies
will be valuable in removing emissions from the hardest-to-decarbonize sectors such as industry.
While not typically cost effective today, these technologies may become more feasible strategies

with cost declines and performance improvements.
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4.2 Recommendations for Additional Analysis

The scenarios evaluated in this analysis represent an initial modeling assessment of strategies to
decarbonize, focusing on emissions in electricity generation, buildings, and transportation. Additional
modeling in the context of NSPI’s IRP planning process will be necessary to better understand the potential
for decarbonization in the electricity sector, and the implications of economy-wide decarbonization on
electricity system operability and reliability. In addition, this report does not assess the costs of different
decarbonization pathways, which will be important for prioritizing strategies for decarbonization. Finally,
while these sectors will continue to be the most important sectors for achieving decarbonization goals in
Nova Scotia, additional modeling may also be valuable to investigate the emissions reduction potential of
industrial and non-energy sectors. This report is a first step to understand the pathways to economy-wide

decarbonization; E3 recommends future research efforts consider:

+ Cost Modeling: This study does not report the economy-wide or sector-level costs associated with
each of the mitigation scenarios. In order to fully assess trade-offs among different
decarbonization pathways, it will be essential for NSPI to investigate the costs associated with the
different potential pathways. At a minimum, this assessment would include the direct costs of
energy infrastructure, the associated operations and maintenance costs, and fuel costs. E3 will

undertake a more detailed review of costs in Phase 2 of this analysis.

+ Electricity Sector Modeling: This study did not perform detailed dispatch or capacity expansion
modeling. Efforts to more completely characterize potential electricity system impacts, including
operability and reliability, should be performed in future work. For example, as discussed above,
cold climate heat pumps are anticipated to have significant impacts on peak load. More detailed
evaluation of peak impacts and potential mitigation strategies (e.g., flexible load) will be

particularly valuable to resource planning. Moreover, given Nova Scotia’s exposure to extreme
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weather, electrifying more sectors of the economy will require utility planners to think more

carefully about the resilience and reliability of the electric grid.

+ Consumer Adoption Modeling: As noted above, the PATHWAYS modeling assumes the ability for
rapid adoption of several low/no carbon technologies, including but not limited to high-efficiency
appliances, cold-temperature heat pumps, and electric vehicles. Valuable future work should
evaluate the consumer economics and choices that may drive the adoption of more efficient,

lower emitting technologies, such as cold climate heat pumps and electric vehicles.

+ Technical Feasibility: This study includes scenarios that rely significantly on adoption of cold
climate heat pumps. Research to understand heat pump technology feasibility and costs
specifically within Nova Scotia will be valuable, in particular to assess the potential for

performance degradation in cold temperatures.
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5 Appendix

5.1 Mitigation Scenario Results

Table 9. 2050 Results for Reference and Mitigation Scenarios

Category Reference I_Bfﬁlding Mocflt?rat.e H_igh .
Electrification Only Electrification Electrification

Electric Sector Emissions (MMT CO2e) 3.5 1.6 1.6 2.0
Non-Electric Emissions (MMT CO2e) 7.7 3.2 3.0 2.6
Total Emissions (MMT CO2e) 11.2 4.8 4.6 4.6
Total Final Energy Demand (TBtu) 129 97 101 78

Electric Load (TWh) 9 9 10 12

Electricity Share of Final Energy Demand (%) 25% 33% 34% 54%
Biofuels Demand (TBtu) 1 34 34 13

Biofuels Share of Final Energy Demand (%) 1% 35% 34% 16%

5.2 Additional Scenarios

Table 10. 2050 Results for Reference Scenario and Additional Scenarios

Category ‘ Reference Very High Electrification ‘ High Biofuels

Electric Sector Emissions (MMT CO2e) 3.5 2.0 1.1
Non-Electric Emissions (MMT CO2e) 7.7 2.8 39
Total Emissions (MMT CO2e) 11.2 4.8 5.0
Total Final Energy Demand (TBtu) 129 75 118
Electric Load (TWh) 9 14 8

Electricity Share of Final Energy Demand (%) 25% 64% 23%
Biofuels Demand (TBtu) 1 0 44

Biofuels Share of Final Energy Demand (%) 1% 0% 37%
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space heating demand and 12%
reduction in air conditioning
demand), and 100% by 2040

Reference ‘ Very High Electrification ‘ High Biofuels
GHG emissions 3.5 MMT CO2e 2.0 MMT CO2e 1.0 MMT CO2e
budget for electricity
generation
Building energy None 50% of building shell sales are | None
efficiency efficient by 2030 (20% reduction in

Sales of electric heat
pump equipment

25% sales of air source heat
pumps for space heating

100% sales of heat pump space
heaters and water heaters by 2040
in the residential sector and 90% by
2040 in the commercial sector;
80% sales of electric cookstoves
and clothes dryers by 2050

Same as Reference

Zero-emission

LDVs: 2% EV sales by 2050

LDVs: 100% EV sales by 2050

Same as Reference

vehicles MDVs: 10% compressed | MDVs: 95% EV sales and 5% diesel
natural gas sales, 2% EV sales | electric hybrid sales by 2050
and 1.5% H, fuel cell sales by | HDVs: 60% EV sales and 40% diesel
2050 electric hybrid sales by 2050
HDVs: 10% compressed | Buses: 95% EV sales by 2040
natural gas sales and 0.5%
EV sales by 2050
Buses: 5% EV sales by 2030
Other transportation None 60% of total energy is electrified by | None
2050 including rail, domestic
navigation and off-road vehicles
Vehicle fuel economy | US CAFE standards for LDVs by 2026
Advanced Biofuels None None Advanced biofuels using
agricultural residues and forestry
wastes assuming there is a
broader North American biomass
feedstock market
Industry None 20% liquid fuel consumption is | None
electrified by 2050
Non-energy None 30% reductions relative to 2016 30% reductions relative to 2016
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5.3 Biofuels Tables

Table 12. 2050 Biomethane Conversion Inputs

Feedstock Type (Disaggregated)

Feedstock Category
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Conversion Process

Efficiency

(GJ/dry ton)

Process Costs
(2012$/dry ton)

Barley straw Ag Residues gasification 14.001 80.65
(Cellulose)

Biomass sorghum Ag Residues gasification 13.864 79.28
(Cellulose)

CD waste Other MSW (Wood) | gasification 13.985 80.59

Citrus residues Ag Residues gasification 13.744 79.21

Corn stover Ag Residues gasification 13.535 78.10

Cotton gin trash Ag Residues gasification 14.884 85.97

Cotton residue Ag Residues gasification 13.190 76.53

Energy cane Purpose-Grown gasification 13.623 78.26
Grasses

Eucalyptus Purpose-Grown gasification 15.141 87.15
Trees

Food waste Other MSW gasification 11.487 66.41

Hardwood, lowland, residue Forest Residues gasification 14.700 84.63

Hardwood, lowland, tree Purpose-Grown gasification 14.700 84.63
Trees

Hardwood, upland, residue Forest Residues gasification 14.700 84.63

Hardwood, upland, tree Purpose-Grown gasification 14.700 84.63
Trees

Hogs, 1000+ head Manure anaerobic digestion 7.415 79.81

MSW wood Other MSW (Wood) | gasification 14.346 82.76

Milk cows, 500+ head Manure anaerobic digestion 8.096 87.13

Miscanthus Purpose-Grown gasification 14.346 82.41
Grasses

Mixed wood, residue Forest Residues gasification 14.700 84.63

Mixed wood, tree Purpose-Grown gasification 14.700 84.63
Trees

Non-citrus residues Ag Residues gasification 13.655 77.95

Oats straw Ag Residues gasification 13.663 78.25

Other Other MSW gasification 12.852 73.55

Other forest residue Forest Residues gasification 13.655 77.95

Other forest thinnings Forest Residues gasification 13.655 77.95
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Feedstock Type (Disaggregated) = Feedstock Category | Conversion Process Efficiency Process Costs
(GJ/dry ton) (2012$/dry ton)

Paper and paperboard Other MSW gasification 15.824 91.34
(Cellulose)

Pine Purpose-Grown gasification 15.021 86.29
Trees

Plastics* Other MSW gasification 28.460 163.12

Poplar Purpose-Grown gasification 15.085 86.84
Trees

Primary mill residue Other MSW (Wood) | gasification 15.342 88.15

Rice hulls Ag Residues gasification 12.210 69.84

Rice straw Ag Residues gasification 12.266 70.38

Rubber and leather* Other MSW gasification 21.367 122.27

Secondary mill residue Other MSW (Wood) | gasification 15.342 88.15

Softwood, natural, residue Forest Residues gasification 14.860 85.41

Softwood, natural, tree Purpose-Grown gasification 14.860 85.41
Trees

Softwood, planted, residue Forest Residues gasification 14.860 85.41

Softwood, planted, tree Purpose-Grown gasification 14.860 85.41
Trees

Sorghum stubble Ag Residues gasification 11.808 66.87

Sugarcane bagasse Ag Residues gasification 13.623 78.26

Sugarcane trash Ag Residues gasification 13.382 77.04

Switchgrass Purpose-Grown gasification 13.471 77.75
Grasses

Textiles* Other MSW gasification 14.095 80.52

Tree nut residues Ag Residues gasification 15.294 87.75

Wheat straw Ag Residues gasification 15.704 89.80

Willow Purpose-Grown gasification 14.796 85.26
Trees

Yard trimmings Other MSW gasification 13.688 78.61
(Cellulose)

Notes: Ag residues are classed as cellulosic for liquid biofuel conversions below. Food waste, manure, and other MSW not
categorized as wood or cellulose is not considered to be convertible into liquid fuels.
*These feedstocks are included in BTS but typically contain petroleum-based content so are excluded from the renewable biomass

potential.
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Table 13. 2050 Conversion Inputs for Liquid Biofuels

Feedstock Type (Aggregated)

Fuel

Conversion Process

Efficiency

Process Costs

(GJ/dry ton) (2012$/dry ton)
Cellulose renewable gasoline hydrolysis 10.101 175.74
Cellulose renewable gasoline pyrolysis 8.088 206.49
Cellulose renewable ethanol hydrolysis 6.328 86.71
Cellulose renewable diesel pyrolysis 8.949 228.48
Cellulose renewable diesel biomass to liquids* 10.705 126.43
Cellulose renewable jet fuel pyrolysis 8.682 221.65
Wood renewable gasoline pyrolysis 10.784 206.49
Wood renewable ethanol hydrolysis 7.838 92.57
Wood renewable diesel pyrolysis 11.933 228.48
Wood renewable diesel biomass to liquids* 10.705 126.43
Wood renewable jet fuel pyrolysis 11.576 221.65

*Biomass to liquids refers to thermochemical conversion using gasification plus Fisher-Tropsch synthesis of drop-in synthetic fuels.
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INTRODUCTION

* The following materials represent the final Input Assumptions to be used in
the 2020 IRP Modeling.

* Since the release of the draft assumptions on January 20, NS Power has held
two stakeholder workshops (via telephone on February 7 and in person on
February 27) and has continued to work with interested parties in order to
answer questions and make updates to assumptions where appropriate.

* NS Power would like to thank interested parties for their valued input and
interest in developing this Assumption Set.

NS Power will now begin the modeling phase of the IRP process and will report to IRP
participants with an interim modeling update in April 2020.

A Nova Scotia

An Emera Company 2020 IRP FINAL ASSUMPTIONS SET
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FINANCIAL ASSUMPTIONS

Weighted Average Cost of Capital (WACC):*
Pre-tax = 6.62%
After-tax = 5.64%

Inflation Rate:
25-year Average = 2%

Based on Conference Board of Canada CPI growth forecast for NS

Revenue Requirement Profiles:

* Supply-side options that represent a capital investment require a revenue
requirement profile

* Revenue requirement profiles for input into Plexos will be developed outside
of the model using E3’s Pro Forma financial model

*Utility and Review Board M09498 — Approval of pre-tax WACC/AFUDC rate for both capital and non-capital matters

A Nova Scotia
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EXCHANGE RATES

US Foreign Exchange Rate

\(=t:1¢

Forecasted
USD/CAD

2020 is an average of 6 banks
2021 is an average of 5 banks
2022 and beyond is an average of 2 banks
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2020 IRP:
LOAD ASSUMPTIONS

MARCH 11, 2020
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LOAD ASSUMPTIONS OVERVIEW

* The underlying data for the “Base Load Forecast” is based on NS Power’s annual Load
Forecast Report, as filed with the UARB in 2019.

* Incremental load drivers based on the PATHWAYS report (e.g. electrification of building

heating and transportation) are layered onto the Base Load Forecast according to the
electrification scenario.

* The DSM scenarios from E1’s Potential Study are then applied to these modified loads;
there is also a “No New DSM” scenario which is required for calculating the Avoided Cost
of Demand Side Management.

A Nova Scotia
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BASE LOAD FORECAST

Base Load Forecast assumptions include:

*  Economic forecast from Conference Board of Canada

* Electric Vehicle (EV) penetration based on conservative estimate of Electric
Mobility Canada’s growth model

* EVincludes estimate for peak mitigation

* 10-year average used for normal weather

A Nova Scotia

An Emera Company
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THE LOAD SCENARIOS

The 4 DSM scenarios (Base, Low, Mid, Max Achievable) were subtracted from the
“no new DSM” forecast.

For 2021-2022, DSM amounts reflect the 2020-2022 DSM supply agreement -
remaining years are held constant on an incremental basis.

The scenarios are assumed to include all DSM, including:

Nova Scotia

Cost-effective electricity efficiency and conservation activities provided by
the franchise holder

Initiatives that may be pursued by NS Power as permitted under the Public
Utilities Act

Consumer behaviour and investments
Energy efficiency codes and standards
Initiatives undertaken by other agencies

Technological and market developments.

POWER

An Emera Company 2020 IRP FINAL ASSUMPTIONS SET
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LOAD ASSUMPTIONS OVERVIEW

NS Power has developed IRP load forecasts to integrate 4 sources of data:

2019 NS

Power 2020-2022 PATHWAYS Po?:rl:{clial
Filed Load Contracted Load stud
Forecast DSM Drivers y
Scenarios

(No New DSM)

These load forecasts have been paired with the appropriate scenarios for the Initial Portfolio
Study Phase (based on PATHWAYS Load Driver) — Final Scenarios and Modeling Plan

* For resource portfolios of interest, multiple DSM Scenarios can be tested
Intent of this approach is to provide a broad range of forecasts that also captures the provincial
pathway to the Sustainable Development Goals Act (SDGA) targets.

Load shape will be based on 2018 actuals; forecast shapes will need to be evaluated to ensure
reasonableness and adjusted if necessary.

A Nova Scotia
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ANNUAL ENERGY

The following load scenarios (annual energy) have been developed for analysis in the IRP modeling phase, in
order to test a meaningful range of potential future outcomes.
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2027 2028 2029

2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044
——BAU. Base DSM ——BAU Low DSM
Mid E - Max Ach. DSM Mid E. Base DSM
——MIid E. High DER. Mid DSM ——High E - Max Ach. DSM
High E/High DER. Base DSM ——High Range - High E. - Low DSM
2020 IRP FINAL ASSUMPTIONS SET
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IRP LOAD FORECAST SCENARIGS™ "
ANNUAL ENERGY

Low Range . . . . . . High Range -
Year (BAU/High gER - BAU.Base DSM  BAULowDsM AU -NONeW e bace pSM Mid E Low Dsm Mid E- High DER- Mid E - Max Ach. High E/High DER. \ o\ ¢ 1 pgy  High E - Max High E.- fow
DSM Mid DSM DSM Base DSM Ach. DSM
Max Ach. DSM) DSM

2021 11,252 11,327 11,327 11,695 11,403 11,403 11,329 11,403 11,457 11,531 11,531 11,531
2022 11,199 11,302 11,302 11,797 11,458 11,458 11,355 11,458 11,613 11,715 11,715 11,715
2023 11,015 11,260 11,306 11,886 11,449 11,541 11,315 11,384 11,748 11,835 11,770 11,927
2024 10,835 11,242 11,333 11,993 11,459 11,643 11,265 11,337 11,860 11,961 11,839 12,144
2025 10,588 11,165 11,300 12,038 11,391 11,662 11,113 11,228 11,829 11,972 11,809 12,243
2026 10,321 11,100 11,281 12,108 11,323 11,679 10,919 11,123 11,728 11,956 11,757 12,313
2027 10,079 11,044 11,270 12,187 11,269 11,708 10,744 11,042 11,643 11,955 11,728 12,394
2028 9,821 11,002 11,276 12,293 11,232 11,753 10,548 10,982 11,534 11,969 11,719 12,490
2029 9,504 10,924 11,236 12,342 11,165 11,751 10,276 10,908 11,334 11,949 11,692 12,535
2030 9,170 10,843 11,192 12,392 11,100 11,744 9,983 10,838 11,106 11,928 11,667 12,572
2031 9,054 10,809 11,192 12,483 11,086 11,781 9,902 10,827 11,085 11,958 11,699 12,653
2032 8,984 10,811 11,227 12,615 11,113 11,854 9,868 10,856 11,109 12,029 11,771 12,770
2033 8,898 10,786 11,226 12,699 11,122 11,893 9,815 10,873 11,107 12,084 11,834 12,855
2034 8,862 10,800 11,261 12,822 11,177 11,973 9,816 10,934 11,161 12,187 11,944 12,983
2035 8,829 10,816 11,297 12,947 11,240 12,055 9,825 11,003 11,221 12,302 12,064 13,117
2036 8,831 10,860 11,358 13,104 11,333 12,167 9,875 11,099 11,326 12,449 12,214 13,283
2037 8,811 10,873 11,380 13,207 11,401 12,239 9,898 11,173 11,399 12,570 12,342 13,408
2038 8,818 10,904 11,420 13,335 11,485 12,329 9,952 11,259 11,501 12,705 12,480 13,549
2039 8,841 10,944 11,464 13,462 11,578 12,419 10,014 11,359 11,606 12,848 12,629 13,689
2040 8,856 10,987 11,511 13,596 11,670 12,511 10,074 11,451 11,710 12,988 12,769 13,829
2041 8,848 11,003 11,525 13,681 11,730 12,563 10,102 11,513 11,770 13,086 12,870 13,920
2042 8,877 11,053 11,572 13,801 11,819 12,643 10,159 11,608 11,854 13,209 12,999 14,033
2043 8,905 11,104 11,619 13,919 11,905 12,718 10,211 11,698 11,928 13,324 13,117 14,137
2044 8,923 11,149 11,661 14,036 11,979 12,784 10,251 11,773 11,988 13,424 13,217 14,228
2045 8,963 11,216 11,721 14,151 12,072 12,862 10,310 11,868 12,060 13,537 13,333 14,327

High/Mid E = High or Mid Electrification impact from PATHWAYS
Max Ach. = Max Achievable DSM from E1’s DSM Potential Study

1) Not all possible load cases
2) Units are Annual GWh

A Nova Scotia
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IRP LOAD FORECAST SC
FIRM PEAK

The following load scenarios (firm peak demand) have been developed for analysis in the IRP modeling

phase, in order to test a meaningful range of potential future outcomes.

Firm Peak Demand (MW) - Forecast Range

Firm Peak Demand (MW)

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045

—— Low Range (BAU/High DER - Max Ach. DSM) ——BAU. Base DSM ——BAU Low DSM

BAU - No New DSM —Mid E - Max Ach. DSM —Mid E. High DER. Mid DSM
~——Mid E. Base DSM Mid E Low DSM ~——High E - Max Ach. DSM
—— High E. Mid DSM ——— High E/High DER. Base DSM ——— High Range - High E. - Low DSM

A Nova Scotia

An Emera Company 2020 IRP FINAL ASSUMPTIONS SET 13



IRP LOAD FORECAST SCENARIGS™ "
FIRM PEAK

Low Range . . . . . . . .
Year (BAU/High DER- BAU.BaseDSM  BAULlowDsM AV DE& New  Mid & 52"“:" ACh- \iid E. Base DSM M'd,\i‘idHl')g:“?ER' Mid E Low DSM  High E. Mid DSM H'ggfs/:'[’f:w?m' High EISS"V',\:" Ach. H'ir“_Rfor:Ag’eD’smgh
Max Ach. DSM)
2021 2,073 2,073 2,073 2,148 2,121 2,121 2,121 2,121 2,205 2,205 2,205 2,205
2022 2,078 2,078 2,078 2,180 2,176 2,176 2,176 2,176 2,347 2,347 2,347 2,347
2023 2,055 2,081 2,091 2,209 2,205 2,222 2,222 2,241 2,482 2,491 2,465 2,501
2024 2,040 2,089 2,110 2,242 2,240 2,271 2,271 2,309 2,617 2,635 2,586 2,656
2025 2,023 2,093 2,124 2,270 2,257 2,301 2,301 2,358 2,706 2,732 2,663 2,763
2026 2,004 2,092 2,133 2,294 2,257 2,310 2,310 2,385 2,746 2,780 2,692 2,821
2027 1,992 2,093 2,143 2,320 2,261 2,322 2,322 2,413 2,786 2,827 2,725 2,877
2028 1,982 2,094 2,154 2,346 2,268 2,333 2,333 2,440 2,824 2,870 2,759 2,930
2029 1,978 2,094 2,163 2,371 2,272 2,338 2,338 2,457 2,840 2,890 2,774 2,959
2030 1,973 2,093 2,169 2,393 2,274 2,340 2,341 2,469 2,851 2,904 2,784 2,980
2031 1,974 2,094 2,177 2,417 2,281 2,346 2,346 2,484 2,865 2,919 2,799 3,002
2032 1,980 2,099 2,187 2,443 2,295 2,358 2,358 2,501 2,887 2,942 2,824 3,030
2033 1,990 2,106 2,198 2,470 2,312 2,373 2,373 2,520 2,911 2,966 2,850 3,058
2034 2,003 2,115 2,211 2,499 2,330 2,388 2,388 2,538 2,933 2,986 2,874 3,082
2035 2,018 2,125 2,224 2,528 2,351 2,407 2,407 2,557 2,959 3,010 2,903 3,109
2036 2,034 2,137 2,237 2,557 2,374 2,428 2,428 2,577 2,986 3,036 2,933 3,136
2037 2,051 2,150 2,251 2,587 2,398 2,449 2,449 2,597 3,015 3,063 2,964 3,163
2038 2,068 2,163 2,264 2,616 2,421 2,471 2,471 2,616 3,043 3,088 2,994 3,189
2039 2,089 2,178 2,277 2,644 2,447 2,494 2,494 2,636 3,073 3,114 3,026 3,214
2040 2,105 2,191 2,289 2,670 2,468 2,515 2,515 2,653 3,099 3,138 3,053 3,237
2041 2,119 2,202 2,299 2,694 2,487 2,532 2,533 2,667 3,121 3,158 3,075 3,255
2042 2,137 2,216 2,310 2,718 2,508 2,552 2,552 2,681 3,143 3,178 3,099 3,272
2043 2,155 2,230 2,322 2,742 2,528 2,570 2,570 2,694 3,164 3,196 3,122 3,288
2044 2,173 2,245 2,334 2,765 2,548 2,589 2,589 2,708 3,185 3,214 3,143 3,303
2045 2,191 2,260 2,346 2,788 2,566 2,607 2,607 2,721 3,203 3,231 3,162 3,317

High/Mid E = High or Mid Electrification impact from PATHWAYS
Max Ach. = Max Achievable DSM from E1’s DSM Potential Study

1) Notall possible load cases
2) Units are Firm Peak MW

A Nova Scotia
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APPLICABLE LEGISLATION

e Reduction of Carbon Dioxide Emissions from Coal-Fired Generation
of Electricity Regulations

* Regulations Limiting Carbon Dioxide Emissions from Natural
Gas-Fired Generation of Electricity

* Greenhouse Gas Emissions Regulations
* Greenhouse Gas Pollution Pricing Act
e Cap and Trade Regulations

e (Clean Fuel Standard

Nova Scotia

POWER
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APPLICABLE LEGISLATION (CONT.)

* Air Quality Regulations

* Renewable Electricity Regulations

The following slides provide an overview of each of the regulations
above as well as the current existing values of these policies.

A Nova Scotia

An Emera Company 2020 IRP FINAL ASSUMPTIONS SET 17



REDUCTION OF CARBONEMTSSTONS™

FROM COAL FIRED GENERATION

These Federal regulations require coal units to meet greenhouse gas (GHG)
emissions intensity of 420t/GWh (via conversion to other fuel) or shut down at
the end of “useful life”, as defined by the regulations based on commissioning

dates, and would cause conversion or retirement by the following years for the NS
Power fleet:

. . Trenton 6
Trenton 5 Point Lingan, & Point
Tupper 2,3&¢4 Aconi

* Nova Scotia’s Equivalency Agreement with the Federal Government enables
NS Power to continue to operate coal units after these dates.
* SCENARIO NOTE: Modeling scenarios will examine portfolios where all coal

units are retired by Dec 31, 2029 in accordance with the 2018 Federal Coal
Regulations.

A Nova Scotia

An Emera Company 2020 IRP FINAL ASSUMPTIONS SET

18



GREENHOUSE GAS E MOT §tiSPorﬁPii\nil gportAppendixBPage 20 of 112
REGULATIONS

* These Provincial regulations stipulate GHG emission limits from
2010 to 2030 for all facilities in the province that emit greater than
10,000 tonnes GHG per year.

* Nova Scotia’s equivalency agreement with the Federal government
enables NS Power to meet the Greenhouse Gas Emissions
Regulations as opposed to the requirements of the Reduction of
Carbon Dioxide Emissions from Coal-fired Generation of Electricity
Regulations

* Nova Scotia’s equivalency agreement has been renewed from 2020-
2024 with agreement on future methodology from 2025-2040.

* Nova Scotia’s equivalency agreements must meet evolving Federal
requirements.

A Nova Scotia
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FORECAST CO, EMISSTON"HARD™ ™"
CAPS*

CO, Emission Limits

8000
7000
6000
5000 ’_.\*\\N
4000 AN
‘_°_°_\‘_‘_‘_‘\‘_‘_‘_‘_‘_‘ —4—Cap & Trade +
Equivalency
3000
Provincial Regulations
2000
1000
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*Source: Greenhouse Gas Emission Regulations & Quantitative Analysis of 2019
NS Equivalency Agreement
AR, 05 Scotia
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GREENHOUSE GAS POTTUTTON
PRICING ACT

* This act is the implementation of the Federal carbon pollution
pricing system.

* Introduces an output-based pricing system (OBPS) for large
industrial emitters.

* Provinces are free to choose an OBPS or cap and trade system if
they meet the minimum Federal pricing and emissions reduction
targets.

* Nova Scotia has opted for a cap-and-trade system, therefore, this
act does not currently affect NS Power in the form of a carbon tax.

A Nova Scotia
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REGULATIONS

* Provincial regulations that outline framework and requirements for
cap and trade program.

* Stipulate free allocations for NS Power GHG emissions

e Meets the Federal Greenhouse Gas Pollution Pricing Act
requirements

Greenhouse Gas Free Allowances 2021-2022

GHG Free Allowances

Million tonnes

5.120
5.087

A Nova Scotia
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CAP & TRADE — MARKET
PARTICIPATION

otia Power IRP Final Report Appendix B Page 24 of 112

The Nova Scotia cap and trade market is still developing with the first auction set for June of
2020.

In the Resource Screening phase of the Modeling Plan, NS Power’s IRP will screen the value of
reductions in GHG emissions below the current allowances and selling those credits in the cap
and trade market.

NS Power’s IRP model will not allow the company to purchase credits in order to over-emit
current allowances.

The sale price will be set at the market floor price of $20/tonne in 2020, escalating annually at
5% + inflation.

During Screening, Nova Scotia Power will:

Examine whether the capacity expansion model generates different resource decisions based
on the opportunity to sell credits, or if it simply monetizes available emission credits to offset
fuel and production costs.

Evaluate whether the quantities being sold are reasonable given the anticipated size of the
Nova Scotia cap and trade market.

Based on the screening results, NS Power will determine how cap and trade will be
represented during the Portfolio Study phase of the modeling work.

Nova Scotia

POWER
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CLEAN FUEL STANDARD

* Federal government published a regulatory framework for the Clean
Fuel Standard which will apply to liquid, solid and gaseous fuels
combusted for the purposed of creating energy.

* Coal combusted at facilities covered by Reduction of Carbon Dioxide
Emissions from Coal-Fired Generation of Electricity Regulations will
be exempt.

* Draft regulations have not yet been published.

* Expecting requirements for liquids to come into force by 2022 and
for gaseous fuels by 2023.

* For IRP, NS Power expects “high” fuel price sensitivities to capture
impact of this standard (e.g. no explicit assumption required for
modeling).

A Nova Scotia
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AIR QUALITY REGULATIONS

Emissions Multi-Year Caps (502, NOx, Hg)

* Provincial regulations Multi-Year
that stipulate NS Power Caps Hg (kg)
emission limits for Period
Sulphur dioxide (S02),
nitrogen oxides (NOx) and

14,955 35
mercury (Hg) from 2010 2021-2022
to 2030
* For mercury, Air Quality 56,000 35
Regulations outline
requirements for mercury
11,500 35

diversion program and
stipulates NS Power can
use credits for 2026 — 2029 44,000 35
compliance from 2020 to
2029.

8,800 30

A Nova Scotia
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FORECAST NO, EMISSTON"HARD

ppendix B Page 27 of 112

CAPS

16

14

12

10

NOx Emission Hard Caps

—&— NOXx Limit
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CAPS

SO, Emission Hard Caps
50
45 —o—¢
o\
35 \
30 F\
25 \\’_‘_‘_‘\

\ —+—502 Limit
20 —t——¢ ‘\
15 e

10
5
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*Based on the 2014 IRP which assumed further reductions beyond 2030 to reflect the declining path of
emission caps. It is anticipated that more stringent CO, scenarios being tested in the 2020 IRP will result
— in a natural continued declining emissions trajectory.
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FORECAST MERCURY EMTSSTOR™ "

HARD CAPS*

Hg Emission Hard Caps

50

45
40

; \
30 \

¢
? 3
2 3
2 3
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2 3
2 3
/

—&— Hg Limit
20

15

10

*Air Quality Regulations outline requirements for mercury diversion program and stipulates NS Power can use
credits for compliance from 2020 to 2029. The hard caps for 2020 to 2029 assume use of these credits.

*Based on the 2014 IRP which assumed further reductions beyond 2030 to reflect the declining path of emission caps. Itis

anticipated that more stringent CO, scenarios being tested in the 2020 IRP will result in a natural continued declining emissions

trajectory
Nova Scotia

‘ POWER

An Emera Company

2020 IRP FINAL ASSUMPTIONS SET

28



=
&

ower IRP Final Report Appendix B Page 30 of 112

RENEWABLE ELECTRICTTY
REGULATIONS

Provincial regulations that require 40% renewable energy by 2020.

NS Power has not assumed future specific renewable energy
standards (RES) other than what will be required by the drive to net-
zero carbon emissions from the Sustainable Development Goals Act.

NS Power will evaluate renewable energy outcomes associated with
effects of carbon caps/EGSPA (net zero) policy.

Nova Scotia

POWER
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2020 IRP:
NEW SUPPLY SIDE OPTIONS

MARCH 11, 2020
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SUPPLY SIDE OPTIONS OVERVIEW

* The original draft assumptions for the costs of new bulk grid scale resources
(capital costs and fixed and variable operating costs) were based on the E3
Resource Options Study from the Pre-IRP Deliverables.

* Since the Pre-IRP Work was completed, several of the public sources for
pricing assumptions have released late 2019 datasets. The following slides
reflect these updated data sources and subsequent pricing.

* For certain resource types NS Power will model alow capital cost as a
sensitivity to assess the impact on resource additions in the capacity
expansion model. This is designed to reflect lower than projected capital costs
and/or serve as a proxy for lower cost of capital financing or alternative capital
structures.

A Nova Scotia
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NS Power Resource Options Study

2020 Updates

Nova Scotia Power
March 11, 2020
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Energy+Environmental Economics

Resource options study

approach




@ Approach

+ In preparation for its upcoming integrated resource plan, NS Power has asked E3
to provide guidance on resource costs and potential

- Cost: what are the costs (capital, O&M, fuel) associated with developing and operating each
new resource? What future changes are expected?

- Performance: what are the operational constraints associated with each resource (e.g. hourly
profiles for wind/solar)

« Potential: how much of the resource can be developed within Nova Scotia (or remotely)?

INPUTS MODELS STUDY RESULTS

/ N [ N N

Resource potential + costs

\ 4

Cost + other key metrics

> > ion Portfoli
-g Long-term Planning Tools Generation Portfolio
-

(0))] Planning Reserve Margin > (Capaci_ty_Expansion

o Optimization)

£

\ 4

\ 4

Other Constraints

\= /L /L /
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Resource Cost Modeling

Fixed vs. Variable Costs for New Resources

+ Fixed costs: expenditures required to install and maintain generating capacity,
independent of operations

- Capital costs:

— Overnight capital cost (equipment cost, balance of systems, development costs, etc.)

— Construction financing

— Nominal interconnection costs (i.e. a short spur line, not longer lines required for remote renewables)
+ Fixed O&M:

— Operations and maintenance costs incurred independent of energy production

— Insurance, taxes, land lease payments and other fixed costs

— Annualized large component replacement costs over the technical life (aka sustaining capital)

+ Variable costs: marginal costs for each MWh of generation, based on modeled
operations

+ Variable O&M:

— Operating and maintenance costs (parts, labor, etc.) incurred on a per-unit-energy basis
* Fuel cost:

— Commaodity costs for fuel ($/MMBtu * heat rate MMBtu/MWh = $/MWh)

+ Capacity factor: annual energy production per kW of plant capacity

« Used to estimate variable costs as well as the spread of fixed costs over expected generation

Energy-+Environmental Economics 35



Resource Options Considered

+ Fossil fuels: coal-to-gas, coal-to-biomass *,
natural gas (CC, CT, reciprocating engine, CC w/
carbon capture and storage)

+ Renewables: biomass, municipal solid waste,
solar PV, tidal, wind (onshore and offshore)

+ Energy storage: li-ion batteries, compressed air,
pumped hydro

+ Emerging technologies: modular nuclear

* Conversion from coal is not an overly viable option. There has been pushback from running the existing NS Power
biomass facility, so the social license for biomass in NS may not exist.

Energy-+Environmental Economics
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Summary of Assumptions
Capital Costs (1 of 2) - Renewables and Storage

Technology Subtechnology

Wind Onshore
Offshore

Solar PV? Tracking

Biomass Grate

Municipal Solid Waste
Tidal n/a
Li-lon Battery (1 hr)
Li-lon Battery (4 hr)

Storage

Compressed air

Pumped Storage

$2,100
$4,726
$1,800
$5,300
$8,470

$10,000

$764
$2,125
$2,200
$2,700

Capital Cost (2019 CAD $/kW)
2030
$1,691
$3,429
51,416
$5,146
$8,470
$10,000
$385
$1,071
$2,200
$2,700

% Change
-19%
-27%
-21%

-3%
0%
0%
-50%
-50%
0%
0%

a Solar PV costs reported in $/kW-ac, reflecting an inverter loading ratio of 1.3

Energy-+Environmental Economics
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Summary of Assumptions
Capital Costs (2 of 2) — Fossil and Nuclear

Capital Cost (2019 CAD $/kW)

Technology Subtechnology 2019 2030 % Change
Coal Coal-to-gas conversion (102 — 320 MW) S$127 —237 S127 -237 0%
Coal-to-biomass conversion (102 —320 MW) $1,313 $1,313 0%
Natural Gas Combined Cycle (145 MW) 51,688 51,574 -7%
SCtoor:atggm?ilCSyK/llt\eNv;// carbon capture and $3.376 $2.987 12%
Combustion Turbine — Frame (50 MW) $1,080 $1,004 -7%
Combustion Turbine — Aero (50 MW) $1,755 $1,632 -7%
Reciprocating Engine (50 MW) $1,823 $1,823 0%
Nuclear Small modular reactor (100 MW) $9,196 $8,641 -6%

Energy-+Environmental Economics 38



Summary of Assumptions
Operating Costs — All Technologies

Operating Cost

Technology Subtechnology Fixed O&M Variable O&M
($/kW-yr) ($/Mwh)
Wind Onshore S59 SO
Offshore S165 SO
Solar PV Tracking S18 SO
Biomass Grate S$155 S7
Municipal Solid Waste $162 SO
Tidal n/a $338 SO
Storage Li-lon Battery (1 hr) S8 SO
Li-lon Battery (4 hr) S27 SO
Compressed air S20 SO
Pumped Storage S32 SO
Coal Coal-to-gas conversion $37-$45 S1
Coal-to-biomass conversion S162 S7
Natural Gas Combined Cycle S15 S3
Combustion Turbine - Frame S17 S7
Combustion Turbine - Aero S17 S7
Reciprocating Engine S27 S9
Nuclear Small modular reactor $140 SO

All O&M costs assumed to escalate at 2% per year.

Energy-+Environmental Economics 39
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NS POWER CAPITAL COST SENSITIVITIES

For certain resource types with current and future price variability/uncertainty, NS Power
will model a low capital cost as a sensitivity to assess the impact on resource additions in
the capacity expansion model. This is designed to reflect either lower than projected
capital costs and/or serve as a proxy for lower cost of capital financing or alternative
capital structure.

While Li-lon is listed above as the resource technology, it can be understood to be a proxy
for any resultant storage options. Resultant storage options identified in high ranking
portfolios would be assessed to confirm storage technology, size, and duration (e.g.
Compressed Air Energy Storage, pumped hydro, etc.).

Resource Base Case Low Case

Technology (2019 $S/kW) (2019 $/kW)
Wind $2,100 $1,500

Battery — Li-lon S764 $660
(1 hr)

Battery — Li-lon $2,125 $1,835
(4 hr)

Solar $1,800 $1,515

A Nova Scotia
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2020 IRP:
DISTRIBUTED ENERGY
RESOURCES (DERs)

MARCH 11, 2020
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DISTRIBUTED ENERGY ' RESOURCES ™"
OVERVIEW

* Asthe grid becomes increasingly decentralized and more customers adopt
distributed energy resources (DERs), long-term resource planners must
address issues associated with evaluating their impact on the electricity
system, including:

* DERs introduce both system-level and distribution-level costs and
benefits

* DERs can be deployed and operated by utilities or customers and
third parties

* Although adoption and generation decisions can be influenced
through incentives and rate design policy goals can also influence
adoption (e.g., RPS, CO, targets)

e Short panel of historical data and rapidly evolving technology
costs/performance exacerbate uncertainty around these resources.

* Capacity optimization models (as employed in the IRP) may not be
granular enough to capture cost/benefits, particularly locational
value.

Nova Scotia
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DISTRIBUTED RESOURTCE
MODELING

* Given the challenges with the scale of DERs vs the granularity of IRP modeling,
these resources will be examined via scenarios in the 2020 IRP (e.g. “plugs” of
DERs will be mandatory in some model runs to ensure they are examined even
if they would not have been economically selected based on the model
constraints). See Scenario and Modeling Plan for more information.

* NS Power will work with stakeholders to ensure both the costs and benefits of
DERs are evaluated at a reasonable level in the IRP.

* DERs will be accounted for in the model as a load modifier, with costs and
benefits separately evaluated/discussed in the evaluation of each resource
portfolio.
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BTM BATTERY STORAGE-COST

ASSUMPTIONS

Capital Cost Decline Trajectory ($2020)

$/KW 029 $939 $2,330

FO&M (S/kW-Yr) $7.67 25.16

Financing Lifetime 20 20

(Years)

Annual Warranty (% of 1.5% 1.5%

Capital Cost)

Annual Augmentation 1.7% 2.7%

(% of Capital Cost
$4,000 -
$3,500 -
$3,000 -
$2,500 -
$2,000 -
$1,500 -
$1,000 -

$500

A Nova Scotia

POWER

An Emera Company

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044

2020 IRP FINAL ASSUMPTIONS SET

ppendix B Page 46 of 112

45



Nova Scotia Power IRP Final Report Appendix B Page 47 of 112

2020 IRP:
PLANNING RESERVE MARGIN

MARCH 11, 2020
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*PLANNING RESERVE MARGIN
AND CAPACITY VALUE STUDY

NS Power engaged E3 to undertake a PRM and capacity value study. This study
provides an update to several important assumptions to be used in the IRP
process to ensure an appropriate level of resource adequacy, so that it can
continue to provide reliable and affordable power to its customers.

Resource adequacy is the ability of an electric power system to serve load across
a broad range of weather and system operating conditions, subject to a long-run
reliability standard. The resource adequacy of a system thus depends on the
characteristics of its load—seasonal patterns, weather sensitivity, hourly
patterns—as well as its resources—size, dispatchability, outage rates, and other
limitations on availability such as the variable and intermittent production of
renewable resources.

While a variety of approaches are used, the industry best practice for resource
adequacy is to establish a reliability metric and target value and then calculate
what quantity of planning reserves are required to achieve that reliability target.

*Planning Reserve Margin and Capacity Value Study, Energy + Environmental Economics, July 2019

A Nova Scotia
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PLANNING RESERVE MARGIN ™"
(PRM)

* The quantity of planning reserves that should be held above the forecast
annual firm peak load, calculated as a % of annual firm peak

* In order to meet a 0.1 days/year loss of load expectation (LOLE) target, NS
Power should maintain between a 17.8% -21.0% planning reserve margin
(PRM). The range in target PRM is due to a higher and lower estimate of
operating reserve (“OR”) requirements for the NS Power system.

* NS Power will maintain its existing PRM of 20% as the base case assumption
and iterate on portfolios to determine specific PRM requirements as
illustrated in the Analysis Plan overview.

POWER
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PLANNING RESERVE MARGIN ™"
(PRM)

Modeling Assumptions

* The NS Power model will use an Unforced Capacity (UCAP) method to
calculate PRM during capacity expansion modeling in the 2020 IRP.

* Existing and new thermal and hydro units will be valued using the ELCC
approach, consistent with the methodology being used for new renewable
resources. Diversity benefits will be considered.

* During the Reliability and Operability Assessment phase of the modeling, plans
will be assessed to ensure that the 0.1 Days/year Loss of Load Expectation
(LOLE) metric continues to be met. This will include an iteration against an
Installed Capacity (ICAP) PRM calculation. Resource portfolios will iterate
through the model if required to meet reliability criteria.

A Nova Scotia

An Emera Company 2020 FINAL IRP ASSUMPTIONS SET

49



Nova Scotia Power IRP Final Report Appendix B Page 51 of 112

2020 IRP:

WIND, SOLAR, STORAGE AND DEMAND

RESPONSE — EFFECTIVE LOAD CARRYING
CAPACITY (ELCC)

MARCH 11, 2020
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*EFFECTIVE LOAD CARRYING
CAPABILITY (ELCC)

* The information from the Planning Reserve Margin and Capacity Value Study
undertaken by E3 as part of the ‘Pre-IRP’ work will be used as the basis for the
ELCC assumptions.

* Dispatch-limited resources like wind, solar, storage, and demand response can
contribute effective load carrying capability (ELCC) toward meeting the
planning reserve margin requirement, but have diminishing returns as
additional capacity is added to the system to maintain reliability.

* The calculations of the ELCC for the portfolio of dispatch-limited resources are
included in the full E3 Study provided with the Pre-IRP Report.

*Planning Reserve Margin and Capacity Value Study, Energy + Environmental Economics, July 2019

A Nova Scotia
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ELCC OF WIND

The average ELCC of the 596 MW of wind currently installed on the NS Power
system is 19% or 111 MW. The ELCC value of adding new wind to the NS Power
system is measured by the marginal ELCC and is currently at 11%, meaning that

each additional MW of wind contributes 0.11 MW of firm capacity to PRM
requirements.

NS Power’s Average Wind ELCC NS Power’s Marginal Wind ELCC

NSPI's Current Wind Capacity 50% NSPI's Current Wind Capacity
_ aoy | 38%
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1y @ 20%
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200 400 600 800 1000 0 200 400 600 800 1000
Wind Capacity (MW) Wind Capacity (MW)

Nova Scotia

POWER

An Emera Company 2020 IRP FINAL ASSUMPTIONS SET 52



Average ELCC (%)

10%

8%

6%

4%

2%

0%

5%

=
&

Nova Scotia Power IRP Final Report Appendix B Page 54 of 112

ELCC OF SOLAR

The NS Power system currently has a very small amount of solar capacity at only
1.7 MW which has an average and marginal ELCC of 5%. Solar has very limited
ELCC in Nova Scotia due to poor correlation with the net peak load hours, which
primarily occur on winter evenings. Beyond initial penetrations of solar capacity,
the marginal capacity value declines to 0%.

NS Power’s Average Solar ELCC NS Power’s Marginal Solar ELCC

10%
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£
6%
§ 5%
w
w® 4%
| =
B
S 2%
0.3% 0.2% 0.1% 0.0% 0.0% 0.0%
0%
25 50 75 100 125 0 25 50 75 100 125
Solar Capacity (MW) Solar Capacity (MW)
Nova Scotia
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ELCC BATTERY STORAGE

NS Power’s Average Storage ELCC
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ELCC OF DEMAND RESPONSE

NS Power’s Average DR ELCC

96%

=70 calls/ year, 12 hrs/ call
=10 calls/ year, & hrs/ call

5 calls/ year, 2 hirs/ call

52% 25%

These represent illustrative demand response (DR) programs
with different numbers of calls and durations. These results are
not meant to map directly to specific existing DR programs but
rather inform system planners of the ELCC value that a DR
program with similar attributes might provide. As with all the
previous results, DR exhibits diminishing average and marginal
ELCC values. The ELCC of a DR program will depend on its
specific characteristics.
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CAPACITY STUDY

* Portfolios of dispatch-limited resource often provides a combined ELCC more than the sum of their individual parts
* Renewables + storage provide a unique set of synergies since renewables can provide the energy that storage
needs to provide ELCC and storage provides the dispatchability that renewables need to provide ELCC

400 ELCC Diversity Benefit of Solar + Storage

300

Diversity Benefit
200

B 4-hr Storage

Solar

Cumulative Capacity Value (MW)

0.08 g 0. 0.08

Solar Capacity (MW) 100 200 300 400 500 600 700 800 900 1000
Storage Capacity (MW) 100 200 300 400 500 600 700 800 900 1000

Planning Reserve Margin and Capacity Value Study, Nova Scotia Power, July 2019, Energy + Environmental Economics

A Nova Scotia
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CAPACITY STUDY

Because wind is more naturally coincident with the NS Power winter evening peak than solar, the incremental
benefit from storage is less than in the case of solar

400 ELCC Diversity Benefit of Wind + Storage
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Planning Reserve Margin and Capacity Value Study, Nova Scotia Power, July 2019, Energy + Environmental Economics
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2020 IRP:
DSM

MARCH 11, 2020
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*ENERGY EFFICIENCY (EE)

* The 4 DSM scenarios (Base, Low, Mid, Max Achievable) were subtracted from
the “no new DSM” forecast.

* For 2021-2022, DSM amounts reflect the 2020-2022 DSM supply agreement -
remaining years are held constant on an incremental basis.

* The scenarios are assumed to include all DSM, including:

Nova Scotia

Cost-effective electricity efficiency and conservation activities provided
by the franchise holder

Initiatives that may be pursued by NS Power as permitted under the
Public Utilities Act

Consumer behaviour and investments
Energy efficiency codes and standards
Initiatives undertaken by other agencies

Technological and market developments.

*Data Provided byE1 in 2019 Potential Study

POWER
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*ENERGY EFFICIENCY (EE)

Cumulative DSM Energy Profiles
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"DSM PEAK REDUCTION

. Cumulative DSM Peak Demand Reductions
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2020 IRP:
DEMAND RESPONSE

MARCH 11, 2020
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DEMAND RESPONSE (DR)

*  Demand Response (DR) programs for the 25-year period (2021-2045) have
been provided by E1’s Potential Study, along with the 3 specific programs
developed by NS Power in the Pre-IRP Work.

* DR will be modeled as a resource option.

Nova Scotia

POWER
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*DR OPTIONS SUMMARY (E1)

Eligible Customer

Classes End Use

DR Option Bnef Description

Electric Furnace 3
Fesidential

DLC-Direct Load Gontrol of electric loads by a thermostat andior . Heat purnp *
Contral load contral switch Small Gommercial 5
' small Industrial FVAC
Hot WWater
HWAC
Firm capacity reduction commitment. Sk Large Commercial Lighting
BNl Curtailment payment based on d_elwered capacty, Large Industrlal Water Heating
administered through third-party aggregetors. Irterruptible
Total Facility
BTM Battery Control Use of batterles_ forload sh|_ﬂ|ng and All classes Batteries
dispatching to the grid.
EV Charging Contral Charging modqlahon to reduce BV demand By =
during peak periods
. . A rate schedule with significantly higher peak
Cnhcal(lg’;a':lf) Pricing prices to discourage consumption during peak Al classes Total Fecility
times
Behavioural Dermand Targeted notifications and incentives are
provided to customers to encourage peak Residertial Total Facility
Response [BUR) :
shaning
Source: Navigant
A‘ Naaamt'aWER *Data and further details can be found in the E1 in 2019 Potential Study

An Emera Company 2020 IRP FINAL ASSUMPTIONS SET



E1 DR TOTAL ACHIEVABTE™ """

POTENTIAL

Total Achievable Potential
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All DR Programs from the 2019 DSM Potential Study are aggregated.
DR program costs as per E1 Potential Study.
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Program

Peak shaving
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DR OPTIONS SUMMARY (NS POWER)

Customer

Participation

NS Power Total

potential Incentive Scenario Program Costs
(kW/device) (in year 25) (25-yr)

Water Controller installed on 0.5 $25 enrollment, Cumulative 50,779 S1.4M/MW
Heater customer WH and used $25/yr when participants (10%

during peak shifting compliant to of market), 27 MW

events program criteria peak shaving

potential

EV Supply Customer owned and 0.7 $150 enrollment, Cumulative 89,704 $0.75M/MW
Equipment installed EVSE with S50/yr when participants (70%

peak shifting compliant to of market), 63 MW

participation incentives program criteria peak shaving

potential

Residential Customer contribution 2.5 $2500 customer Cumulative 4000 $7.16M/MW
Battery comparable to diesel contribution, participants, 6.25

generator installation, Balance of battery MW peak shaving

utility control for up to cost covered by NS | potential

defined number of Power and funding

system peak events where available.

AR, o5 Scotia
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DR OPTIONS SUMMARYTN
POWER) CONT.

Water Heater DR Enrollment and Costs
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DR OPTIONS SUMMARYTNS
POWER) CONT.

Smart Charger DR Enrollment and Costs
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DR OPTIONS SUMMARYTNS
POWER) CONT.

Residential Battery DR Enrollment and Costs
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2020 IRP:
IMPORTS

MARCH 11, 2020
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SUMMARY — IMPORTS

*  Firm imports could support the transition to lower GHG emissions and the
replacement of coal-fired generation capacity via greater regional
interconnection.

* Firm Transmission is required for each option and is obtained via existing
transmission or assumed new transmission, depending upon the import
source and assumption regarding existing transmission availability.

* Firm transmission capability is the amount of electricity that can be
delivered in a reliable manner after consideration of surrounding
system loads, voltages and stability conditions.

* Non-firm transmission is the additional capability that can be used for
energy delivery from time to time but is subject to curtailment under
different system conditions.

A Nova Scotia

An Emera Company

2020 IRP FINAL ASSUMPTIONS SET

71



Nova Scotia Power IRP Final Report Appendix B Page 73 of 112

SUMMARY — IMPORTS (CONT.)

Firm Import Options :

*  Access to firm capacity via existing transmission up to ~150 MW,
and/or

*  Access to firm capacity via new transmission build up to ~450 MW.

Non-Firm Import Options:

* Import energy via existing transmission (Maritime Link and New
Brunswick tieline); and/or

* Import energy via new transmission.

A Nova Scotia
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ENABLING TRANSMISSTOR
INVESTMENT

The Qualitative Benefits of Transmission:
* Enhanced system reliability (voltage support, reserve sharing, etc.).
* Expansion of renewable generation integration.

* Option Value (greater market access through congestion reduction; supplier
alternatives support energy purchase negotiations).

*  When coupled with an energy and capacity contract, the opportunities are
expanded.

Quantitative Benefits of accompanying energy and capacity contract :
* Firm capacity import enabler (to support coal capacity retirement).
* Renewable energy imports (to reduce air emissions and avoid carbon costs).

* Expanded economic energy imports.

A Nova Scotia
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IRP NEW TRANSMISSION COSTS

NS Power Transmission Capital Cost Estimates

. L. L. Total Capital Cost NB-NS Tieline
Description (New Transmission) (62021) 1 Gross Capacity (MW)

345kV Onslow-Salisbury-Coleson Cove S600M 700

345kV Onslow-Salisbury ; HVDC to QC? S1.7B 1000

Assumptions presented here would be subject to additional feasibility study if
selected during the IRP modeling.

The transmission costs above are the assumed total capital cost of the builds and do
not reflect potential cost sharing. Opportunities for cost sharing may depend on
forecast utilization and will be examined during the resource screening phase.

1) Earliest in-service date is 2026
2) Costing to Quebec Border.

A Nova Scotia
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PRICING FOR FIRM IMPORTS

Pricing
e Pricing for capacity provision is based on Platts Analytics forecast.
* Pricing for energy provision derived from Platts Analytics forecast.

* Emissions accounting as per Standards for Quantification, Reporting, and
Verification of Greenhouse Gas Emissions (QRV Regulation)

Approach

* Reliability considerations for Resource Portfolios of interest will be considered
during the Reliability and Operability Screening phase

*  The model will be provided with pricing for both emitting and non-emitting
sourced imports

* The model will be offered both spot market prices and firm blocks of energy
tied to capacity

A Nova Scotia
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2020 IRP:
FUEL PRICING

MARCH 11, 2020

A Nova Scotia
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SERVICE PROVIDERS

S&P Global Platts analytics (formerly PIRA Energy group) (Natural Gas, Oil ) & Energy
Ventures Analysis (EVA) (Coal, Petcoke)

* Long time service providers to NS Power
*  World-wide perspective and insights
* Forecasts utilized in Maritime Link, 2014 IRP

Forecasting approach

NS Power Fuels, Energy & Risk Management (FERM) utilized commercially available long-term

prices forecasts for Natural Gas, Solid Fuel, Oil and Power which it subsequently adjusted for
delivery to NS based on:

e Current and expected transportation costs and tolls

Market insight and proprietary views on long-term market development, including

High, Low and expected scenarios where applicable (by third parties and NS
power)

A Nova Scotia
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2020 IRP:
FUEL PRICING - COAL & PETCOKE

MARCH 11, 2020
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FUNDAMENTAL PRICE"FORECASTS ="
COAL & PETCOKE - EVA

Base Case -
Coal

Continued decline in demand for coal in the US and Europe as coal
power plants and other sources of coal demand are retired
resulting in declining production in the US and Colombia

Asian markets remain relatively strong as new coal power
generation is added in Japan and elsewhere.

Australia and Indonesia continue to be the largest exporters of
coal.

Full trade with China is restored

Energy Ventures
Analysis

Base Case —
Petcoke

Petcoke continues to be an available by-product from the oil
refinery process. Petcoke quality is a function of crude oil type.
The largest market for fuel grade petcoke is cement kilns. Once
tuned to burn petcoke, kilns will stay on petcoke unless there is a
material financial incentive to switch to coal.

Power generation is also a significant market but much smaller.
Power generators are more sensitive to pricing.

Petcoke prices do not correlate with any specific energy source.
Rather, supply and demand at any one time determine pricing.
Coal prices over time cap petcoke prices.

Energy Ventures
Analysis

2020 IRP FINAL ASSUMPTIONS SET
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FUNDAMENTAL PRICE FORECASTS

Delivered Commodity Transportation

Price

Base Case —Coal | = | Coal Ocean Freight
Source: EVA (1Q2020) Source: CSL Freight rates per NS Power Contract
Reference Case estimated using current contract rates

2020 Contract = | Fully evaluated Delivered Costs (Trucked)

Rates for (Environmental

domestic coal attributes and BTU

delivered. content)

Base Case — = | Petcoke Ocean Freight

Petcoke
Source: EVA (1Q2020) Source: CSL Freight rates per NS Power Contract
Reference Case estimated using current contract rates

A Nova Scotia
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2020 IRP:
FUEL PRICING - NATURAL GAS

MARCH 11, 2020
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FUNDAMENTAL PRICE FORECASTS

(N.A.) Henry Hub
S&P Global Platts’ Analytics
(LNG) TTF, Spot (International (formerly PIRA Energy Group )
Natural Gas) Scenario Planning Service Quarterly Q4 2013
JKM (Asian Natural Gas) Update
Natural Gas
AECO Basis S&P Global Platts’ Analytics JUNE 2019
Dawn Basis (formerly PIRA Energy Group ) (LT)
S&P Global Platts’ Analytics NOV 2019
(formerly PIRA Energy Group ) (ST)
Fuel Oil New York Harbour S&P Global Platts’” Analytics Q4 2019
(formerly PIRA Energy Group )
Scenario Planning Service Quarterly
Update (Brent)
InterContinental Exchange (ICE) DEC 2019
@ POWER
@
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NATURAL GAS OPTIONS™
SUMMARY

* NS Power’s 2020 IRP will evaluate natural gas units (combustion
turbines/combined cycle/reciprocating units/steam turbines) as potential
capacity replacements for the aging coal fleet for either economic or policy
reasons.

e Continuing improvements in natural gas plant flexibility, fuel efficiency and
fuel supply are leading to, in certain jurisdictions, competitive advantages over
coal, particularly given the faster pace of grid operations driven by variable
generation.

* Gas typically plays a role in backing up renewables- especially during the
extremes when wind and solar could be at a minimum.

* Permitting must be considered when evaluating fossil-fuel based
infrastructure modification/reinforcement/expansion.

Nova Scotia

& POWER
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SUMMARY (CONT.)

* While the installed cost of new gas units is well documented, the all-in
levelized cost of energy is subject to significant uncertainty associated with the
delivered cost of natural gas, particularly given the supply constraints in Nova
Scotia.

* During peak winter conditions, heating demands from firm natural gas
customers in the Northeastern U.S. and Eastern Canada increase natural gas
demand, create upward pressure on prices, and limit the amount available to
customers who do not have firm pipeline contracts.

*  With the shutdown in production from domestic sources (Sable Island and
Deep Panuke), Nova Scotia will be reliant on natural gas imported via U.S.
pipelines, LNG tankers, or an all-Canadian Path, via Western Canada.

Nova Scotia

& POWER
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NATURAL GAS OPTIONS =
SUMMARY (CONT.)

* New natural gas plants must have a firm source of gas supply to reliably
generate power during winter peaks.

* Operational mode/utilization must be considered (i.e. primarily for capacity or
for energy and capacity).

* Three supply paths have been developed that consider existing supply
arrangements and compare and contrast possible new paths to move gas to
Nova Scotia for possible new gas units as represented in the system
optimization.

Nova Scotia

‘ POWER
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NATURAL GAS PRICE ASSUMPTIONS

The three supply paths developed are:
* Option 1: Existing Gas (TCPL Empress-East Hereford via North Bay Junction-

tolls modelled as a fixed cost)
* Existing 20,000 MMBtu/day pipeline capacity
* Option 2: Peaking Gas (LNG winter-Dawn plus tolls summer)
* Unlimited LNG sourced from Repsol’s Canaport terminal in the winter,

pricing based on up to 100,000 MMBtu/day sourced at Dawn in the
summer

* Option 3: Base Loaded Gas (New supply sourced at AECO plus tolls)
* Pricing based on up to 100,000 MMBtu/day

* Fixed Cost adder to be applied to gas units in model for this option.

* For each options, 3 scenarios have been priced: Base Case (Expected), High
Case, and Low Case.

A Nova Scotia
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(S&P GLOBAL PLATTS ANALYTICS) HENRY

HUB

Highlights

Case Likelihood
(S&P Global)
Base Case 50%
(Expected)
2018 — 2030

* US Demand growth expected to slow post 2020

* Gas consumption in the power sector has become saturated

* More locations are banning or restricting the use of gas

*  The US technically recoverable resource was raised to 3,024 TCF an increase of
560 TCF, the largest change ever

*  Prospects for additional LNG export terminals achieving Final Investment
Decision have increased with the apparent progress in US/China trade talks

High Case 25%

* Prolonged pipeline/regulatory review process impede future infrastructure
expansion

* Tightened environmental/regulatory policy inhibits shale gas & oil
development.

*  Accelerated US coal/nuclear retirement and/or increased US electricity demand
increase demand for gas

* Increased North American LNG export capability along with less new global
capability

Low Case 25%

A No}a Scotia

* Associated gas tied to liquids-rich production is more abundant than currently
envisioned (will have to be tied to pipeline additions)

* Shale gas production surprises to the upside

*  Non-fossil fuel electric generation grows at a faster rate than forecast

* LNG exports from the US face stiffer offshore competition

*  More anti-fossil fuel sentiment limits electric and industrial demand growth

——@POWER
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NS CASE DEVELOPMENT (NATURAL GAS)

*Highlights

Existing Gas: -20,000 MMBtu/day pipeline capacity contracted starting Nov 1, 2021 for 15
TCPL North Bay years, with an assumed extension to cover the full IRP modeling period
Junction -Fixed tolls from Empress to North Bay Junction for the 25 years

-Base/High/Low pricing

Peaking Gas: -Unlimited LNG winter supply;
LNG Winter- -Swing gas for daily dispatch, no long term contract/pipeline commitment
Dawn Summer underpinning

- Base/High/Low pricing

Baseload Gas: -Pricing based on up to an additional 100,000 MMBtu/day firm contract
from AECO -Base/High/Low pricing

*The modeling for Peaking Gas and Baseload Gas will not have volume restrictions on new pipelines/paths.
Operational & Reliability Phase will evaluate whether actual volumes are consistent with how the pricing was
developed which considered volumes. Existing Gas is volume limited.

A Nova Scotia
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NATURAL GAS — EXISTING GAS
(TCPL NBJ 20,000 MMBTU/DAY)

Appendix B Page 90 of 112

Delivered Commodity Transportation Market
Price Premium
Base Henry Hub AECO Fuel & Tolls Nova + Fuel & Nil
Tolls Westbrook to Tufts
Source: Global Platts Source: Global Cove modelled as variable,
An?Iytics (4Q2019) Platts Analytics TCPL Empress to E. Hereford
Reference Case (June 2019) and PNGTS to Westbrook
modelled as fixed costs
Low Henry Hub AECO Fuel & Tolls Nova + Fuel & Nil
Tolls Westbrook to Tufts
Source: Global Platts Source: Global Cove modelled as variable,
Analytics (402019) Platts ZA(;‘;‘;V“CS TCPL Empress to E. Hereford
Low Case (une ) and PNGTS to Westbrook
modelled as fixed costs
High Henry Hub AECO Fuel & Tolls Nova + Fuel & Nil
Tolls Westbrook to Tufts
Source: Global Platts Source: Global Cove modelled as variable,
Analytics (4Q2019) Platts zAga;yt'cs TCPL Empress to E. Hereford
- J 1
High Case (une ) and PNGTS to Westbrook
modelled as fixed costs
A Nova Scotia
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(LNG WINTER, DAWN SUMMER)

Delivered

Price

Base Winter
2018 — 2030

Commodity

TTF Spot

Source: Global
Platts Analytics
(4Q2019)
Reference, Low or
High Case

Transportation

Fuel & Tolls:
Baileyville to Tufts
Cove

+ | Market Premium

LNG Regasification cost
US $2.50/MMBtu

Base Summer

Henry Hub

Source: Global
Platts Analytics
(4Q2019)
Reference, Low or
High Case

Dawn

Source: Global
Platts Analytics
(June 2019)
Reference, Low or
High Case

Fuel & Tolls: Dawn

to Tufts Cove
Source: Current or
negotiated Tolls

Nil

A Nova Scotia
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NATURAL GAS — BASELOAD

Delivered Commodity Transportation Market
Price Premium
Base Henry Hub AECO Tolls Nova to Tufts Cove Nil
modelled as fixed costs
Source: Global Platts Source: Global Fuel & Usage Nova to Tufts
Analytics (4Q2019) Platts Analytics Cove modelled as variable
Reference Case (June 2019)
costs
Low Henry Hub AECO Tolls Nova to Tufts Cove Nil
modelled as fixed costs
Source: Global Platts Source: GIob.aI Fuel & Usage Nova to Tufts
Analytics (4Q2019) Platts Analytics Cove modelled as variable
Low Case (June 2019) costs
High Henry Hub AECO Tolls Nova to Tufts Cove Nil
modelled as fixed costs
Source: Global Platts Source: Global Fuel & Usage Nova to Tufts
Analytics (4Q2019) Platts Analytics Cove modelled as variable
ngh Case (June 2019) costs
AR, 05 Scotia
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OTHER ALTERNATIVES

e Other natural gas supply arrangements are possible, however not every
potential supply arrangement can be tested in an IRP model

*  Other possible arrangements that are not included in the IRP model include
(but are not limited to):

1. Dual Fuel capability
2. Natural Gas Storage

3. LNG Alternatives

e If the IRP Action Plan indicates new investment in natural gas resources, these
options would be considered in a more detailed analysis.

A Nova Scotia
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DUAL FUEL CAPABILITY

Given the known challenges associated with securing a cost-effective firm natural
gas supply source, the economics and permit-ability of ULSD oil use in lieu of high
cost of pipeline infrastructure would be considered in the future if natural gas
units prove to be a no-regrets supply option in the IRP.

Nova Scotia
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DUAL FUEL CAPABILITY (CONT.)

Benefits

* State-of-the-art combined-cycle plants and peakers can burn ULSD, kerosene
or distillate oil efficiently without jeopardizing the cycling range and quick-
start capability associated with the technologies.

* Use of oil to support a reliable fuel supply portfolio would supplant natural gas
when delivery constraints arise.

* Oil supply arrangements are much more flexible than those associated with
firm gas because they do not require major infrastructure expansions to
enable delivery.

Nova Scotia
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DUAL FUEL CAPABILITY (CONT.)

Challenges
* Duel-Fuel capability has an assumed cost adder of 7%.

* Switching on the fly from natural gas to oil or vice versa poses operational
challenges and can jeopardize unit availability.

* There are increased emissions associated with burning oil in lieu of natural gas
for fuel assurance.

* Oil refill during the peak heating season has proved challenging for both
barge- and truck-delivery during cold snaps.

A Nova Scotia
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DUAL FUEL CAPABILITY (CONT.)

Challenges

* Increased Compliance Cost - Switching from gas to ULSD or HFO when pipeline
constraints into or within Nova Scotia prevent the use of gas will increase CO,
emissions during those events by a factor of roughly 50% on a tonnes per
MWh basis.

* Challenges associated with tank farm permitting.

* Dual Fuel capability is challenging to assess in a long term model due to the
granularity needed to test the value proposition.

A Nova Scotia
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NATURAL GAS STORAGE

* AltaGas is developing an underground gas storage facility in Alton, Nova Scotia,
which would be connected to M&NP pipeline

* Heritage Gas Ltd. has contracted for the first phase of capacity

* Itis possible that NS Power could contract for capacity — the economics of
usage would need extensive analysis (e.g. the amount of turns and resultant
withdrawal rates, etc.)

* As per the Dual Fuel Capability option, NS Power will study this option in detail
if new gas units are part of the IRP recommendation

A Nova Scotia
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LNG ALTERNATIVES

As an alternative to traditional pipeline transportation, some companies have

begun to develop “virtual pipelines” by shipping LNG or compressed natural gas
(CNG) via truck or boat to sites that do not have pipeline connections or cannot
receive gas due to pipeline constraints.

Nova Scotia
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2020 IRP:
SUSTAINING CAPITAL

MARCH 11, 2020

A Nova Scotia
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SUSTAINING CAPITAL FORECAST ="
COAL UNITS

* The sustaining capital cost Base forecast assumes a high utilization factor (UF)
for all thermal units, which will represent the forecast investment required to
address wear on components driven by a high capacity factor, cycling,
operating hours, flexible use, or a combination thereof (i.e. the uses of the
machines that drive the highest investment requirements)

* The high UF puts all the units on an equal basis in terms of their operation in
order to appropriately compare economics.

* High sustaining capital cost sensitivities will assume the following:

* High (or other iterative ranges) = Base + 50%

Nova Scotia

& POWER
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SUSTAINING CAPITAL EFORECAST =
THERMAL (BASE)

Sustaining Capital - High UF (Real $2020)
Base Forecast

30000

25000

20000

" YA
. \Q’y A '@

5000 . == -:‘-—h?]i‘i“"

— D ~ =

> =
>

W

-

L
(—_~—

\‘;p P — - -'——” =

i)

y
§

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045

= |ingan 1l =—lingan3 =——Llingan4 =——PtAconi =—Tupper =—=Trenton5 =——Trenton G =——TUC]l =—TUC2? =——TUC3 TUC6

A Nova Scotia

An Emera Company 2020 IRP FINAL ASSUMPTIONS SET 101



$000

endix B Page 103 of 112

SUSTAINING CAPITAL EFORECAST =
CTs

CT Sustaining Capital (Real $2020)
Base Forecast
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SUSTAINING CAPITAL EFORECAST =
SMALL HYDRO

* The sustaining capital forecast for hydro assets are based on Q1 2020 Forecast

Small Hydro Sustaining Capital (Real $2020)
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SUSTAINING CAPITAL SCREENING

* Asdiscussed at the February 27 stakeholder conference, during the Resource
Screening phase of the modeling plan NS Power will test the sustaining capital and
O&M costs against decommissioning costs and replacement costs for NS Power’s
existing hydro and combustion turbine fleets.

* Candidate economic retirements identified during the Resource Screening phase will
be considered in the Portfolio Studies and Operability/Reliability Screening; this will
assess provision of essential grid services and other system characteristics not
modeled in RESOLVE.

A Nova Scotia
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2020 IRP:
RENEWABLE INTEGRATION REQUIREMENTS

MARCH 11, 2020
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SUMMARY

* Unlike previous IRPs, the next 25 years will likely be characterized by a drastic
transformation in the electric utility business as it moves further towards
complete decarbonization.

* Theories and physics of power systems were developed around synchronous
machines that were the backbone of the power system for a very long time.

* This IRP will test the retirement of major large synchronous generators with
replacement by inverter-based non-synchronous generation (or other lower
emitting generators).

* The retirement of coal fired generators will not only impact the system
adequacy (capacity and energy) but will also create a major shift in the
provision of essential grid services which have historically been provided as
ancillary benefits of large synchronous machines.

A Nova Scotia
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SUMMARY (CONT.)

* For IRP modeling, assumptions about cost and operational constraints to
address these services will be considered. The assumptions have been
developed by NS Power and its consultants using the PSC Stability Study from
the Pre-IRP Work as the basis for assumptions. Further detailed study to
establish firm opportunities and constraints for inverter-based energy sources
will continue to be required as the system changes.

* Dispatch cases of selected resource plans may be tested via transient stability
and system dynamic studies in the “operability screening” phase of the
modeling, as described in the Analysis Plan.

A Nova Scotia
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SUMMARY (CONT.)

* For the NS Power system, the following have been identified as the grid services
that need to be addressed to accommodate additional inverter-based
generation to maintain stable and secure operation of the system.

Ramping reserve and net load following capabilities

System strength and short circuit ratio

Volt-Ampere-Reactive support

Kinetic energy and synchronous inertia requirement

= A value for the minimum requirement of each of these essential grid services
will be represented in the model as dynamic constraints, which will enable the
model to integrate renewable resources at any level by ensuring provision of
the services.

A Nova Scotia
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REGULATION

* Additional ramping/regulation reserve is required for dealing with increased
variability and uncertainty in net load; in addition, retirement of coal units will
create a ramping deficit

* 5-minute net load was studied and the 3-sigma approach was used determine the
additional ramping reserve requirements (PSC Stability Study)

* With large increments of new wind additions, fast-acting generation will be
required to offset the increased variability associated with high wind penetration

* For the purpose of IRP modeling, building new inverter-based generation will be
linked to additional fast-acting generation to satisfy the ramping reserve constraint:

*Y >=0.028X + 13.455

Where: Y isramping reserve in MW and;

X is the inverter-based installed capacity in MW

*Nova Scotia Power Stability Study for Renewable Integration Report, PSC North America, July 2019
AR, 05 Scotia
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RENEWABLE INTEGRATION

* The stability study report has identified two possible options to integrate an
additional 400 MW of inverter-based generation, represented by a wind as a

proxy.

* Interconnection Option : A second 345 kV AC tie between Onslow NS and
Salisbury NB.

* Local mitigation Option : A 200 MVA Synchronous Condenser and 200 MW
Battery.

* Preliminary results showed that the system is stable with up to an additional
100 MW of wind depending on local mitigations/interconnections.

*Nova Scotia Power Stability Study for Renewable Integration Report, PSC North America, July 2019

A Nova Scotia
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RENEWABLE INTEGRATION COSTS

Technology Capital Cost Summary
Estimate ($2019)
1Synchronous $300/kVAR *  [Support short circuit ratio] An estimate of 30 MVAR synchronous
Condenser condenser is required for each 150 MW of wind additions

*  [Support kinetic energy ] - A minimum of 3266 MW.sec of
synchronous inertia is required for steady state operation.

Switched S50/kVAR *  50MVAR will be required at the locations of retired synchronous
Capacitor Bank generators to provide voltage support during steady state operation
345kV Onslow- $360M * Reliability tie for wind integration; does not provide access to firm
Salisbury capacity or additional energy markets.

1) High Inertia - High inertia SC designs fitted with flywheels can provide inertia constants of ~5 MW.sec/MVA

A Nova Scotia
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IRP MODELING PROCESS

The 2020 IRP analysis will follow the modeling plan shown in Figure 1 below. This process is robust and
flexible enough to examine the wide range of inputs and outcomes that will be considered in this IRP.

MODELING

Assumptions Resource Initial Portfolio
& Scenarios Screening Study

Final Portfolio Sensitivity
Study Analysis

POST-MODELING

Long-term
Strategy
Extract findings
(observations and
. ) Roadmap
conclusions)in order to

develop:
Near-term
Action Plan

Figure 1 - IRP Modeling Plan Overview

Table 1 provides a description of each phase of the modeling plan.
Phase Description

Resource Screening Refine candidate resources to be available to model in each scenario (this
may differ by scenario). Combination of qualitative evaluation and/or
guantitative modeling using E3’s RESOLVE model.

Initial Portfolio Conduct capacity expansion optimization modeling with Plexos LT

Study (supplemented with E3’s RESOLVE model where required), which will result in
an economically optimized resource portfolio for each scenario (e.g. the
resource plan with the lowest 25 year NPV revenue requirement for that
scenario’s set of assumptions).

Reliability For select scenarios, evaluate the impacts on reliability parameters, including

Screening the ELCC of renewables (and diversity benefits) and the required Planning
Reserve Margin for particular resource portfolios using E3’s RECAP model.
Identify changes to these assumptions for iteration.
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Operability For select scenarios, evaluate the production costs (e.g. fuel and purchased
Screening power) and dispatch constraints using the more granular Plexos MT/ST

module. Identify changes required for the portfolio for iteration.

Final Portfolio Using the output of the Reliability and Operability Screening phases, if
Study required, conduct revised capacity expansion optimization modeling with
Plexos (supplemented with E3’s RESOLVE model where required).

Sensitivity Analysis  Using bookend values, as identified for each scenario, test the impact of
future changes to key assumptions on the cost and performance of the
portfolios. In some cases, sensitivities may also require the capacity
expansion optimization to be re-run within a particular scenario.

Table 1 - IRP Modeling Plan Phase Descriptions

SCENARIO DEVELOPMENT APPROACH

NS Power has used a Portfolio Development approach to create the 2020 IRP Scenarios. This approach
will allow the IRP to evaluate the broad range of potential futures and then develop a Roadmap and Action
Plan based on the least regrets options that are common to the largest number of scenarios.

Figure 2 outlines the process to develop candidate scenarios by considering a range of potential drivers.

1. Propose possible + We want to start by laying out all ideas
drivers and questions  ARECURULRCIE

V + We can then organize drivers into sets

that reflect discrete potential future
scenarios

+ Prioritizing list enables most important
scenarios get run through the largest
number of sensitivities

Group all
ideas into
smaller set
of core
scenarios

3. Prioritize
candidate
scenarios

Model each
scenario,
assess results,
and evaluate
sensitivities
(see next
slides)

2. Construct scenarios from groups
of likely drivers

A B C D = F

Figure 2 - Scenario Development Overview

In addition to the combinations of drivers into scenarios as illustrated above, NS Power has also proposed
“Resource Strategies” to be paired with scenarios based on the feedback received from the IRP
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stakeholders to date, to ensure the appropriate breadth of potential future resources is captured. The
modeling process for the Portfolio Study phase is illustrated in Figure 3.

Scenarios

(“Possible Futures”) Drivers Portfolios stfln va(::\;_ml?lvi.[;
Based on Major Uncertainties (“Influencing Factors”) mpact Testing
— (“Resource
Scenario A Driver 1 Plans") Sensitivity 1, 2
. X : Optimal plans based on each ﬂ
scenariolB Driver2 scenario and driver combo
Scenario C Driver 3 Test tht? impact of changes in key
assumptions on the cost of the plan
Scenario D

Variations such as
resource costs or focus
on specific resource

Variations likely focused on
types (e.g. DERs)

coal closure timing,
electricity load and carbon
emission reduction levels

Figure 3 - IRP Portfolio Study Modeling Approach

KEY POLICY DRIVERS
NS Power is proposing three key policy drivers to form the basis of scenarios:
1. Provincial clean energy policy (e.g. Sustainable Development Goal Act)
Policy Driver 1.1: Greenhouse gas emissions by electricity sector
Policy Driver 1.2: Load changes driven by varying degrees of electrification
2. Federal clean energy policy:
Policy Driver 2.1: Coal unit end dates
1. Provincial Clean Energy Policy Drivers
1.1 Greenhouse Gas Emissions by Electricity Sector

This driver represents the carbon dioxide emissions allowable by the electricity sector, which will be
implemented as a constraint in the model. Based on stakeholder discussions, NS Power proposes three
GHG scenarios for consideration to represent the range of the outcomes of provincial carbon policy, as
shown in Figure 4 and Table 2 below.
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Greenhouse Gas Emission Scenarios
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e Cap & Trade + Equivalency
= Comparator
Accelerated Net Zero 2045 (2050 -> 0 Mt)

Figure 4 - Greenhouse Gas Emissions Scenarios Graph

CO2 2030
Comparator GHG Case 4.5
Reductions consistent with equivalency (58%
agreement and continued future decline | "€dction

from 2005)
Net Zero 2050 (2050-> 0.5 Mt) 4.5
Reduction to 0.5 Mt by 2050 (assumes (58%
achievement of "net zero" via reduction
mechanism) from 2005)

Accelerated Net Zero 2045 (2050 -> 0 Mt) 3.8

(64%
Reduction to 0.5 Mt by 2045 with reduction
acceleration of pace beginning in 2025 from 2005)

Table 2 - Greenhouse Gas Emissions Scenarios

2036
2037
2038

2039
2040
2041
2042

2043

2044
2045
2046

=== GHG Provincial Regulations

Net Zero 2050 (2050 -> 0.5 Mt)

C02 2031
3.9

(63%
reduction
from 2005)

3.9

(63%
reduction
from 2005)

2.0
(81%
reduction
from 2005)

C02 2040
3.5

(67%
reduction
from 2005)

2.3

(78%
reduction
from 2005)

1
(91%
reduction
from 2005)

C02 2045
3.5

(67%
reduction
from 2005)

1.4

(87%
reduction
from 2005)

0.5
(95%
reduction
from 2005)

2047

2048
2049
2050

C02 2050*
3.5

(67%
reduction
from 2005)

0.5

(95%
reduction
from 2005)

0
(100%
reduction
from 2005)

*Note: IRP modeling period ends in 2045; 2050 is shown here to demonstrate a potential end value of

each curve (relative to SDGA 2050 target year).
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1.2 Load Changes

This driver represents the impact provincial greenhouse gas reduction and/or “net zero” policy (e.g. the
Sustainable Development Goals Act or SDGA) has on the expected load for the electricity sector. The
electrification cases will be based on E3’s Pathways assessment of the potential impact of economy-wide
decarbonization on the electricity sector. The Pathways Study contains further information on the load
impact of electrification scenarios.

Three load cases are proposed for evaluation within the IRP scenarios:

e Business as usual: represents the 2019 Load Forecast as filed with the UARB in April 2019
(adjusted where required to reflect E1’s 2019 DSM Potential Study profiles to reflect potential
demand side resources).

o Moderate degree of electrification: represents the 2019 Load Forecast, adjusted to reflect the
incremental load due to partial electrification of buildings and vehicles as indicated in E3’s
“Moderate Electrification” Pathways scenario (adjusted where required to reflect E1’s 2019 DSM
Potential Study profiles to reflect potential demand side resources).

o High degree of electrification: represents the 2019 Load Forecast, adjusted to reflect the
incremental load due to broad electrification of buildings and transportation as indicated in E3’s
“High Electrification” Pathways scenario (adjusted where required to reflect E1’s 2019 DSM
Potential Study profiles to reflect potential demand side resources).

2. Federal Clean Energy Policy Drivers
2.1 Coal Closure Policy
The two states of this driver are:

e All coal units retired by 2040 — assumes retention of the ongoing Equivalency Agreement
e All coal units retired by 2030 — assumes adherence to the applicable Federal regulations

Note: Coal units can be economically retired by the IRP model in any year earlier than the end dates
described above.
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SCENARIO SCREENING: IDENTIFYING KEY SCENARIOS OF INTEREST
Qualitative Screening

Combining all the variants of the major scenario drivers produces 18 potential candidate scenarios,
shown below in Table 3.

GHG Scenario Load Driver Coal End Date
Comparator GHG Case High Electrification 2030
Comparator GHG Case Moderate Electrification 2030
Comparator GHG Case Business as Usual 2030
Comparator GHG Case High Electrification 2040
Comparator GHG Case Moderate Electrification 2040
Comparator GHG Case Business as Usual 2040
Net Zero 2050 High Electrification 2030
Net Zero 2050 Moderate Electrification 2030
Net Zero 2050 Business as Usual 2030
Net Zero 2050 High Electrification 2040
Net Zero 2050 Moderate Electrification 2040
Net Zero 2050 Business as Usual 2040
Accelerated Net Zero 2045 High Electrification 2030
Accelerated Net Zero 2045 Moderate Electrification 2030
Accelerated Net Zero 2045 Business as Usual 2030
Accelerated Net Zero 2045 High Electrification 2040
Accelerated Net Zero 2045 Moderate Electrification 2040
Accelerated Net Zero 2045 Business as Usual 2040

Table 3 - Potential Candidate Scenarios

Qualitative screening was used to identify six key scenarios of interest (highlighted in Table 4 in green)
and to eliminate scenarios with unlikely combinations of drivers. Consistent with the scenarios in E3’s
Pathways Report, higher levels of load are generally paired with larger carbon budgets, which reflects
overall economy decarbonization resulting from the removal of emissions from other sectors.
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GHG Scenario Load Driver Coal End Date
Comparator GHG Case High Electrification 2030
Comparator GHG Case Moderate Electrification 2030
Comparator GHG Case Business as Usual 2030
Comparator GHG Case High Electrification 2040
Comparator GHG Case Moderate Electrification 2040
Net Zero 2050 High Electrification 2030
Net Zero 2050 Moderate Electrification 2030
Net Zero 2050 Business as Usual 2030

Accelerated Net Zero 2045 Business as Usual 2030
Accelerated Net Zero 2045 High Electrification 2040
Accelerated Net Zero 2045 Moderate Electrification 2040
Accelerated Net Zero 2045 Business as Usual 2040

Table 4 — Scenarios of Interest

RESOURCE STRATEGIES

Three resource strategies are proposed to ensure the IRP analysis covers key areas of importance and
interest:

A. Current Landscape
New in-province supply and demand resources available, with no new interconnections to other
regions.

B. Distributed Resources
Distributed supply and demand resources are preferred where possible (e.g. distributed solar and
battery storage) and high uptake of DERs is assumed.

C. Regional Integration
New interconnections to other regions and corresponding access to out-of-province resources for
energy and capacity are available, in addition to in-province supply and demand resources.

SCREENING POLICY DRIVER & STRATEGY PAIRS

Building on to the screening exercise above, NS Power has qualitatively identified the key combinations
of policy drivers and resources strategies to initially examine as Key Scenarios, which are shown in Table
5 below. NS Power has also paired a DSM level to each scenario to produce an associated load forecast;
alternate DSM levels will be examined as sensitivities for candidate resource plans of interest.

8
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Scenario Features Load Coal Resource Strategies Key Sensitivities
Drivers Retires Tested
1.0 Equivalency GHG Low Elec. 2040 A - Current Landscape
Base DSM

Comparator

2.0 GHG targets Low Elec. 2040 A - Current Landscape DSM Levels

Net Zero 2050 decline linearly Base DSM C - Regional Integration

\ € E‘imt o from 2030 to 0.5Mt

ow Electrification in 2050

2.1 GHG targets Mid Elec. 2040 A - Current Landscape DSM Levels
decline linearly Base DSM B - Distributed Resources No New Emitting

Net Zero 2050 : :

Mid Electrificati from 2030 to 0.5Mt C - Regional Integration Target Case for

Ic Hlectritication in 2050 Sensitivity Evaluation

2.2 GHG targets High Elec. 2040 A - Current Landscape DSM Levels

Net Zero 2050 decline linearly Max DSM C - Regional Integration No New Emitting

|-|'e A :|mt . from 2030 to 0.5Mt

igh Electrification in 2050

3.1 GHG targets Mid Elec. 2030 B - Distributed Resources DSM Levels

Accelerated Net Zero 2045 decline from 2025 Base DSM C - Regional Integration No New Emitting

Mc.:e;rate'f' (:. ero to 0.5Mt in 2045; Target Case for

Id tlectrification path to Absolute Sensitivity Evaluation

Zero 2050

3.2 GHG targets High Elec. 2030 B - Distributed Resources DSM Levels
decline from 2025 Max DSM C - Regional Integration

Accelerated Net Zero 2045
High Electrification

to 0.5Mt in 2045;
path to Absolute
Zero 2050

Table 5 — Key Scenarios
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These Key Scenarios represent the twelve initial modeling runs to be conducted in Plexos LT in the Initial
Portfolio Study Phase. Consistent with the scenario screening discussed above, additional scenarios may
be tested using E3’s RESOLVE model to assess if they should be included as a key modeling run.

SENSITIVITY ANALYSES

Following completion of the portfolio studies and operability and reliability screening phases, NS Power
will work with stakeholders to prioritize the sensitivities and identify applicable portfolios and/or
scenarios for them to be paired with, based on emerging insights from the ongoing analysis throughout
the IRP modeling phase.

Potential sensitivities to be evaluated include:

e Increase in Renewable Energy Standard policy
e Low capital cost of wind

e Low capital cost of storage

e Low/High pricing of import energy
e Low/High pricing of natural gas

e High Pricing of Biomass

e High Sustaining Capital Costs

e Loss of Large Industrial Load

e Mersey Hydro System retired

e No New Emitting Resources

e Fuel security sensitivities

e Resiliency testing

It should be noted that some of these sensitivities will require the capacity expansion optimization to be
rerun (e.g. DSM, Sustaining Capital), while others are run on the resource plan without reoptimizing (e.g.
Fuel Prices).
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NS Power has developed the following evaluation criteria against which potential plans and resource
portfolios will evaluated under each scenario, as shown in Table 6 below:

Metric

Minimization of the cumulative present value of
the annual revenue requirements over the planning
horizon (adjusted for end-effects)

Magnitude and timing of electricity rate effects

Reliability requirements for supply adequacy

Provision of essential grid services for system
stability and reliability

Plan robustness (the ability of a plan to withstand
plausible potential changes to key assumptions)

Reduction of greenhouse gas and/or other
emissions
Flexibility (limitation of constraints on future
decisions arising from the selection of a particular
path)

Table 6 - Resource Plan Evaluation Criteria

Description

25 year NPV Revenue Requirement

10 year NPV Revenue Requirement

Evaluation of PRM, resource capacity adequacy,
operating reserve requirements, etc.

Quantitative and qualitative assessment of the
status of essential grid services provision for
each portfolio.

Magnitude of the plan’s exposure to changes in
key assumptions (via sensitivity analysis) as well
as resiliency to risks.

Quantitative reductions as output by Plexos,
e.g. Mt of CO; reduced relative to 2005 actuals

Qualitative assessment of timing of
investments

While the primary metric of plan value will continue to be minimization of net present value of revenue
requirement, by adding these additional metrics to the 2020 IRP, additional insight will be gained into the
value of flexibility, reliability, and robustness which will inform the IRP Roadmap and Action Plan.

SUMMARY

The major policy drivers which emerged from scenario discussions are:

e 1. Provincial clean energy policy (e.g. Sustainable Development Goal Act)
0 Policy Driver 1.1: Greenhouse gas emissions by electricity sector
0 Policy Driver 1.2: Load changes driven by varying degrees of electrification

e 2. Federal clean energy policy:
0 Policy Driver 2.1: Coal unit end dates

Variants of these drivers have been combined to form the following “scenarios”:

e Comparator Case / Low Electrification / 2040 Coal Closure
e Net Zero 2050 / Low Electrification / 2040 Coal Closure
e Net Zero 2050 / Mid Electrification / 2040 Coal Closure

11
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e Net Zero 2050 / High Electrification / 2040 Coal Closure
e Accelerated Net Zero 2045 / Mid Electrification / 2030 Coal Closure
e Accelerated Net Zero 2045 / High Electrification / 2030 Coal Closure

The potential resource strategies, to be paired with scenarios to influence the constraints around
portfolios, also emerged from scenario discussions:

A - Current Landscape
B - Distributed Resources Promoted
C - Regional Integration

Modeling scenarios with various resource strategies will result in economically optimal portfolios for each
scenario/strategy combination. In Table 7 NS Power proposes ten preliminary scenario and strategy
combinations for the initial portfolio modeling.

Scenario GHG Curve Load Driver Resource Strategy
1.0A Comparator Low Electrification / Base DSM = Current Landscape
2.0A Net Zero 2050 Low Electrification / Base DSM = Current Landscape
2.0C Net Zero 2050 Low Electrification / Base DSM = Regional Integration
2.1A Net Zero 2050 Mid Electrification / Base DSM = Current Landscape
2.1B Net Zero 2050 Mid Electrification / Base DSM  Distributed Resources
2.1C Net Zero 2050 Mid Electrification / Base DSM = Regional Integration
2.2A Net Zero 2050 High Electrification / Max DSM = Current Landscape
2.2C Net Zero 2050 High Electrification / Max DSM = Regional Integration
3.1B Accelerated Net Zero 2045 Mid Electrification / Base DSM  Distributed Resources
3.1C Accelerated Net Zero 2045 Mid Electrification / Base DSM = Regional Integration
3.2B Accelerated Net Zero 2045 High Electrification / Max DSM = Distributed Resources
3.2C Accelerated Net Zero 2045 High Electrification / Max DSM = Regional Integration

Table 7 — Preliminary Scenario and Resource Strategy Combinations

Additionally, several potential sensitivities to be tested on key portfolios of interest have been identified.
The specific sensitivity analysis plan will be refined once the insights from the preliminary modeling have
emerged.
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Release Notes 2020-09-17

¢ The objective of the model is to illustrate the net effect on NS Power customer rates of the change in cost and load associated with varying levels of electrification, DSM,
and DER deployment.

¢ The hypothesis is that because so much of the Company’s revenue requirement is fixed (approximately 50% due to the long-term nature of the underlying investments),
additional revenues provided by the higher levels of sales associated with higher levels of electrification will more than offset the incremental cost to serve the higher
load, placing downward pressure on the unit cost to serve customers (i.e. rates).

¢ The analysis incorporates the cost and load information developed in the IRP. However because the IRP cost information includes only forward looking supply-side and
demand-side costs, it is necessary to:
¢ Develop an opening bundled service rate for comparison purposes; and
¢ Recognize the additional fixed cost contribution provided by additional sales from higher levels of electrification.

e The Company has taken the following approach:

* We have begun with the forward looking supply-side and demand-side annual revenue requirements developed in the IRP.

¢ To this we have added the fixed cost amounts currently embedded in customer rates (from the most recent General Rate Application Test Year (2014)).

¢ The total of the IRP revenue requirement and 2014 foundation produces an estimate of total annual utility revenue requirement for the analysis period.

¢ Toincorporate the additional FCR produced by the additional electrification sales, the Company has applied an FCR/MWh factor from the 2014 Test Year
(580/MWh) and multiplied this by the incremental sales under the various scenarios.

¢ The net effect of utility revenue requirement less additional FCR recovery provides an estimate of the net revenue requirement to be recovered from customers
annually under various levels of electrification.

¢ Asystem rate is developed by dividing the total annual revenue requirement by total sales (i.e. net system requirement less losses).

¢ Annual rate changes are calculated as the change in the rate year-over-year. A simple (i.e. non cumulative) average rate change is created by averaging rate
changes over the analysis period.

¢ The analysis employs a number of simplifying assumptions including:
¢ Electrification and the associated FCR is assumed to occur uniformly across customer classes. To the extent this actually occurs to a greater degree in classes
with higher fixed cost recovery (e.g. the residential class), the FCR can be expected to be greater.
¢ Changes in load from electrification are assumed to affect revenue proportionately (i.e. demand and energy billings increase at the same level).
¢ This beginning FCR is held constant over the analysis period. Effectively this assumes that the decline in existing rate base due to depreciation is offset by
ongoing additions to T&D, General Property and other utility costs not captured in the IRP.

e 2020 costs are not modeled in IRP but used as a reference year to calculate the first year's rate change; assumed a 1% decline from 2021 modeled costs under Low
Electrification to produce the 2020 cost used in all cases

Release Notes 2020-11-27

¢ Updated model inputs to incorporate T&D Avoided Costs of DSM for all scenarios

» Updated model parameters to assume $0/MWh of additional FCR; the relative rate estimate is simplified to a "system average" rate. More complex rate modeling may
be used in the future to better understand the impacts of differential load growth rates across customer classes with different FCR rates, which is anticipated to further
reduce upward pressure on rates.
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IRP Relative Rate Scenarios

Planning Period Year

Electrification Scenario 1 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
IRP Revenue Requirement (Partial) ($M) 858 867 920 877 889 832 878 877 879 912 920 897 891 913 942 967 963 998 1,025 1,033 1,103 1,160 1148 1179 1181 1,207

2014 Non-fuel revenue requirement ($M) 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800

Total Revenue Requirement Pre-incremental

FCR recovery ($M) 1658 1667 1,720 1677 1689 1682 1678 1677 1679 1712 1720 1697 1691 1713 1742 177 1763 1798 1,825 1,833 1903 1960 1948 1979 1981 2,007

Incremental FCR-Base

Cumulative Incremental Sales (GWh) - - - .
Incremental FCR $/MWh - - R -
Incremental FCR ($M) - - - .

Net Revenue Requirement ($M) 1,658 1,667 1,720 1,677 1,689 1,682 1,678 1,677 1,679 1,712 1,720 1,697 1,691 1,713 1,742 1,767 1,763 1,798 1,825 1,833 1,903 1,960 1,948 1,979 1,981 2,007

Load (GWh) 11,314 11,327 11,302 11,260 11,242 11,165 11,100 11,044 11,002 10,924 10,843 10,809 10,811 10,786 10,800 10,816 10,860 10,873 10,904 10,944 10,987 11,003 11,053 11,104 11,149 11,216 2.0C-Low Elec/Base DSM

Losses (6.7%) 758 759 757 754 753 748 744 740 737 732 727 724 724 723 724 725 728 728 731 733 736 737 741 744 747 752

Sales 10,556 10,568 10,545 10,506 10,489 10,417 10,356 10,304 10,265 10,192 10,117 10,085 10,087 10,063 10,076 10,092 10,132 10,144 10,174 10,211 10,251 10,266 10,312 10,360 10,402 10,465

Rate (cents/kWh) 15.71 15.78 16.32 15.96 16.10 16.14 16.20 16.27 16.35 16.80 17.00 16.83 16.76 17.02 17.29 17.51 17.40 17.72 17.94 17.95 18.57 19.09 18.89 19.10 19.04 19.18 2.0C - Low Elec / Base DSM 2040 Coal
Annual Rate Change 0.4% 3.4% -2.2% 0.8% 0.3% 0.4% 0.4% 0.5% 2.7% 1.2% -1.0% -0.4% 1.5% 1.6% 1.3% -0.7% 1.9% 1.2% 0.1% 3.4% 2.8% -1.0% 1.1% -0.3% 0.7%

0.8% Average Rate Change 2021-2030
Planning Period Year

Electrification Scenario 2 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
IRP Revenue Requirement (Partial) ($M) 858 865 922 883 906 912 923 941 946 983 996 978 1,002 1018 1,054 1080 1093 1103 1140 1174 1255 1317 1303 1345 1354 17394

2014 Non-fuel revenue requirement ($M) 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800

Total Revenue Requirement Pre-incremental

FCR recovery ($M) 1658 1665 1722 1683 1706 1712 1723 1741 1746 1783 179 1778 1,802 1818 1854 1880 1893 1903 190 1974 2055 2117 2,103 2,145 2154 2,19

Incremental FCR-Base
Cumulative Incremental Sales (GWh) - 10 28 72 133 203 262 320 375 425 472 517 562 608 653 700 750 799
Incremental FCR $/MWh - - - -

847 893 935 970 1,001 1,027 1,049 1,067
Incremental FCR ($M) - - - .

Net Revenue Requirement ($M) 1,658 1,665 1,722 1,683 1,706 1,712 1,723 1,741 1,746 1,783 1,796 1,778 1,802 1,818 1,854 1,880 1,893 1,903 1,940 1,974 2,055 2,117 2,103 2,145 2,154 2,194

Load (GWh) 11,314 11,338 11,332 11,337 11,385 11,383 11,381 11,387 11,405 11,380 11,349 11,363 11,414 11,438 11,499 11,567 11,664 11,730 11,812 11,901 11,989 12,043 12,125 12,205 12,274 12,360 2.1C- Mid Elec/Base DSM

Losses (7%) 758 760 759 760 763 763 763 763 764 762 760 761 765 766 770 775 781 786 791 797 803 807 812 818 822 828

Sales 10,556 10,578 10,573 10,577 10,622 10,620 10,618 10,624 10,641 10,617 10,588 10,602 10,649 10,671 10,729 10,792 10,882 10,944 11,021 11,104 11,186 11,236 11,313 11,387 11451 11,532

Rate (cents/kWh) 15.71 15.74 16.29 15.91 16.06 16.12 16.23 16.39 16.41 16.79 16.96 16.77 16.92 17.03 17.28 17.42 17.40 17.39 17.60 17.78 18.37 18.84 18.59 18.84 18.81 19.03 2.1C- Mid Elec / Base DSM 2040 Coal
Annual Rate Change 0.2% 3.5% -2.3% 0.9% 0.4% 0.7% 1.0% 0.1% 2.3% 1.0% -1.1% 0.9% 0.7% 1.4% 0.8% -0.1% 0.0% 1.2% 1.0% 3.4% 2.5% -1.3% 1.3% -0.2%

0.8% Average Rate Change

Planning Period Year

Electrification Scenario 3 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
IRP Revenue Requirement (Partial) ($M) 858 989 1,058 1,042 1,049 1061 1074 1091 1,100 1132 1,153 1141 1,142 1178 1211 1253 1273 1325 1376 1405 1510 1572 1572 1612 1641 1679

2014 Non-fuel revenue requirement ($M) 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800

Total Revenue Requirement Pre-incremental

FCR recovery ($M) 1658 1789 1,858 1,842 1849 1861 1874 1,81 190 1932 1953 1941 1942 1978 2011 2053 2073 2,125 2176 2205 2310 2372 2372 2412 2441 2479

Incremental FCR-Base
Cumulative Incremental Sales (GWh) - 20 84 102 166 261 329 404 478 559 640 728 816 918 1,025 1136 1,248
Incremental FCR $/MWh - - - - - - - -

1360 1465 1572 1662 1742 1815 1878 1929 1,974
Incremental FCR ($M) - - - . -

Net Revenue Requirement ($M) 1,658 1,789 1,858 1,842 1,849 1,861 1,874 1,891 1,900 1,932 1,953 1,941 1,942 1,978 2,011 2,053 2,073 2,125 2,176 2,205 2,310 2,372 2,372 2,412 2,441 2,479

Load (GWh) 11,314 11,348 11,392 11,369 11,421 11,444 11452 11,477 11,515 11,524 11,530 11,590 11,686 11,770 11,898 12,034 12,198 12,331 12,474 12,629 12,769 12,870 12,999 13,117 13,217 13,332 2.2C-High Elec/ Max DSM

Losses (7%) 758 760 763 762 765 767 767 769 771 772 772 777 783 789 797 806 817 826 836 846 856 862 871 879 886

Sales 10,556 10,588 10,629 10,607 10,656 10,678 10,685 10,708 10,743 10,751 10,757 10,813 10,903 10,981 11,101 11,228 11,380 11,504 11,638 11,783 11,914 12,008 12,128 12,238 12,332 12,439

Rate (cents/kWh) 15.71 16.90 17.48 17.36 17.35 17.43 17.54 17.66 17.69 17.97 18.16 17.95 17.81 18.02 18.12 18.28 18.21 18.47 18.70 18.71 19.39 19.75 19.56 19.71 19.80 19.93 2.2C- High Elec / Max DSM 2040 Coal
Annual Rate Change 7.6% 3.4% -0.7% -0.1% 0.5% 0.6% 0.7% 0.1% 1.6% 1.0% -1.1% -0.8% 1.2% 0.6% 0.9% -0.4% 1.4% 1.2% 0.1% 3.6% 1.9% -1.0% 0.8% 0.5% 0.7%

1.5% Average Rate Change

Planning Period Year

Electrification Scenario 4 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
IRP Revenue Requirement (Partial) ($M) 858 864 921 906 900 905 899 902 907 934 946 914 902 936 963 972 98 1,015 1,034 1073 1148 118 1191 1219 1222 1,230

2014 Non-fuel revenue requirement ($M) 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800

Total Revenue Requirement Pre-incremental

FCR recovery ($M) 1658 1664 1721 1706 1700 1705 1699 1702 1707 1734 1746 1714 1702 1736 1763 1772 1768 1815 1,84 1873 1948 1988 1991 2019 2022 2030

Incremental FCR-Base

Cumulative Incremental Sales (GWh) - (59) (67) (53) (47) (57) (114) (170) (262) (405) (570) (589) (599) (612) (616) (620) (610) (602) (583) (566) (553) (548)
Incremental FCR $/MWh - - - - - - - - - - - - - - - - - - - - - -

(548)  (553)  (563)  (578)
Incremental FCR ($M) - - - . -

Net Revenue Requirement ($M) 1,658 1,664 1,721 1,706 1,700 1,705 1,699 1,702 1,707 1,734 1,746 1,714 1,702 1,736 1,763 1,772 1,768 1,815 1,834 1,873 1,948 1,988 1,991 2,019 2,022 2,030

Load (GWh) 11,314 11,263 11,230 11,204 11,192 11,104 10,977 10,862 10,722 10,491 10,232 10,178 10,169 10,130 10,139 10,152 10,206 10,227 10,280 10,338 10,394 10,416 10,465 10,511 10,546 10,597 2.1B- Mid Elec/Base DSM w/ DER

Losses (7%) 758 755 752 751 750 744 735 728 718 703 686 682 681 679 679 680 684 685 689 693 696 698 701 704 707 710

Sales 10,556 10,509 10,477 10,453 10,442 10,360 10,242 10,134 10,003 9,788 9,546 9,497 9,488 9,451 9,460 9,471 9,522 9,542 9,591 9,645 9,698 9,718 9,764 9,807 9,839 9,887

Rate (cents/kWh) 15.71 15.84 16.43 16.32 16.28 16.46 16.59 16.80 17.07 17.71 18.29 18.05 17.94 18.36 18.64 18.71 18.57 19.02 19.12 19.42 20.09 20.45 20.39 20.59 20.55 20.54 2.1B - Mid Elec / Base DSM w/ DER 2040 Coal
Annual Rate Change 0.8% 3.7% -0.7% -0.3% 1.1% 0.8% 1.2% 1.6% 3.8% 3.3% -1.3% -0.6% 2.4% 1.5% 0.4% -0.7% 2.4% 0.5% 1.5% 3.5% 1.8% -0.3% 1.0% -0.2% %
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1.5% Average Rate Change 202
Planning Period Year

Electrification Scenario 5 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045

IRP Revenue Requirement (Partial) ($M) 858 867 923 883 905 935 927 940 959 1,072 1127 1,114 1110 1139 1163 1176 1,199 1210 1237 1268 1275 1317 1321 1360 1397 1410

2014 Non-fuel revenue requirement ($M) 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800

Total Revenue Requirement Pre-incremental

FCR recovery ($M) 1658 1667 1,723 1683 1705 1735 1727 1740 1759 1872 1927 1914 1910 1939 1963 1976 1999 2,010 2,037 2068 2075 2117 2121 2,160 2197 2210

Incremental FCR-Base
Cumulative Incremental Sales (GWh) - 10 28 72 133 203 262 320 375 425 472

517 562 608 653 700 750 799 847 893 935 970 1,001 1,027 1,049 1,067

Incremental FCR $/MWh - - - - - - - - - - - - - - - - - - - - - - - - - -

Incremental FCR ($M) - - - - - - - - - - - - - - - - - - - - - - - -

Net Revenue Requirement ($M) 1658 1667 1723 1683 1705 1735 1727 1740 1759 1872 1927 1914 1910 1939 193 1976 1999 2,010 2,037 2068 2075 2117 2121 2,160 2,197 2210

Load (GWh) 11314 11338 11,332 11,337 11,385 11,383 11,381 11,387 11,405 11,380 11,349 11,363 11414 11438 11,499 11567 11664 11,730 11,812 11,901 11,989 12,043 12,125 12,205 12,274 12,360 3.1C-Mid Elec/Base DSM

Losses (7%) 758 760 759 760 763 763 763 763 764 762 760 761 765 766 770 775 781 786 791 797 803 807 812 818 822 828

Sales 1055 10578 10,573 10,577 10,622 10620 10618 10624 10,641 10617 10588 10602 10649 10,671 10,729 10,792 10,882 10944 11,021 11,104 11,186 11,236 11,313 11,387 11,451 11,532

Rate (cents/kWh) 1571 1576 1630 1591 1605 1634 1626 1638 1653  17.63 1820 1806  17.94 1817 1830 1831 1837 1836  18.49 1862 1855 1884 1874 1897 1918  19.16 3.1C- Mid Elec/Base DSM 2030 Coal
Annual Rate Change 03%  34%  -24%  09%  18%  -05%  07%  09%  66%  32% -08% -07%  13%  07%  01%  03%  00%  07%  07% -04%  16% -05%  12%  11%

%

1.5% Average Rate Change 202:
Planning Period Year

Electrification Scenario 6 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045

IRP Revenue Requirement (Partial) ($M) 858 914 977 968 982 1,045 1050 1079 1094 1147 1127 1107 1,109 1146 1,191 1233 1238 1303 1350 1394 1489 1558 1548 1589 1615 1651

2014 Non-fuel revenue requirement ($M) 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800 800

Total Revenue Requirement Pre-incremental

FCR recovery ($M) 1658 1714 1,777 1768 1782 1845 1850 1,879 1894 1947 197 197 1,99 1946 1991 2033 2038 2,103 2,150 2,194 2,289 2,358 2,348 2389 2415 2451

Incremental FCR-Base

Cumulative Incremental Sales (GWh) - 20 84 162 280 413 515 616 711 799 884
Incremental FCR $/MWh - - - - -

970 1056 1151 1251 1357 1467 1573 1675 1776 1,866 1943 2012 2071 2122 2,165
Incremental FCR ($M) - - - - - R - R . R . R .

Net Revenue Requirement ($M) 1658 1714 1777 1768 1782 1845 1850 1,879 1,894 197 197 1907 1909 196 1991 2033 2038 2103 2,150 2,194 2289 2358 2,348 2389 2415 2451

Load (GWh) 11314 11,348 11,392 11,434 11,542 11608 11651 11,704 11,764 11,781 11,791 11,849 11,943 12,019 12,141 12271 12432 12559 12,700 12,848 12,987 13,086 13209 13324 13,424 13,537 2.2CS1- High Elec/Mid DSM

Losses (7%) 758 760 763 766 773 778 781 784 788 789 790 794 800 805 813 822 833 841 851 861 870 877 885 893 899 907

Sales 10556 10588 10,629 10,668 10,769 10,830 10,871 10,920 10,976 10,992 11,001 11,055 11,143 11,214 11,327 11,449 11599 11,717 11,849 11,987 12,117 12209 12,324 12,431 12524 12,630

Rate (cents/kWh) 1571 1619 1672 1658 1655  17.04 17.02 1720 17.26  17.72 17.51 1725 1713  17.36  17.58  17.76  17.57  17.95 1815 1830 1889 1931  19.05 1921 1929  19.41 2.2C.S1-HighElec/Mid DSM 2040 Coal
Annual Rate Change 31%  33%  -08%  02%  3.0% -01%  11%  03%  27%  -12%  -15%  -07%  13%  13%  10%  -1.0%  21%  11%  08%  32%  22%  -14%  09%  04%  0.6%

1.1% Average Rate Change 202:

Annual Rate Estimate
2100

20.00

19.00

18.00

17.00

Rate (cents/kWh)

16.00

15.00

14.00
2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2003 2044 2045
———2.0C- Low Elec / Base DSM 2040 Coal ———2.1C- Mid Elec / Base DSM 2040 Coal
= == 2.1B- Mid Elec / Base DSM w/ DER 2040 Coal . 3.1C - Mid Elec / Base DSM 2030 Coal
2.2C - High Elec / Max DSM 2040 Coal 2.2C.51 - High Elec / Mid DSM 2040 Coal
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REVISIONS

SEPTEMBER 11

e Scenario 2.0C — corrected a typo in the 25-yr NPVRR (was previously reported as $12,224 — corrected to $12,234)
e Updated onslides 13, 41, 43, & 45
SEPTEMBER 18

e For certain sensitivity runs, the metric Total CO, Emissions 2031-2045 (MT) was incorrectly reported in the summary
tables in the previous release. The Total CO, Emissions 2021-2030 (MT) and Total CO, Emissions 2021-2045 (MT) metrics
were not affected, and the CO, Emissions graphs and CO, Emissions data in the Modeling Results Tables are correct.

e Updated figures are shown in purple text on slides 35, 37, 39, 41, 45, 47,51, 57,59, & 63
OCTOBER 30

* Added 3 new sensitivity runs on slides 64-69:
e 2.1C.CAPEX-1 (High Sustaining Capex)
e 2.1C.CAPEX-2 (Low Sustaining Capex)
e 2.1C.PRICES-1 (High Import & Gas Prices)

e Updated scenarios list on slide 33 with purple text to reflect these additions

IRP UPDATED MODELING RESULTS - 2020-11-27 1
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REVISIONS

NOVEMBER 27
e Updated NPV results (all 3 metrics) for all models to incorporate Avoided T&D Costs

e Updated relative rate impact results to incorporate avoided T&D costs and removal of FCR adjustment from model
e Corrected typos in slide titles of scenarios 2.2A and 2.2C (indicated Base DSM, corrected to Max DSM)

* Updated rate model metric title for clarity and consistency with IRP Final Report (replaced “partial rate” with “relative
rate”)

IRP UPDATED MODELING RESULTS - 2020-11-27 2
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TABLE OF CONTENTS

FINAL PORTFOLIO STUDY RESULTS

SENSITIVITY ANALYSIS RESULTS
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FINAL PORTFOLIO STUDY RESULTS
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FINAL PORTFOLIO STUDY

e The following slides provide the Final Portfolio Study results from PLEXOS for the key scenarios (full
capacity expansion runs in PLEXOS LT, and Generation / Production Cost results from PLEXOS MT/ST
hourly simulations)

* The section includes detailed outputs of each scenario including energy mix, nameplate capacity
installation, emissions compliance, achieved Planning Reserve Margin (PRM), several metrics of partial
NPV of revenue requirement (NPVRR), Average Annual Relative Rate impact, and scenario notes

* NPVs presented in these results are partial revenue requirements that consider modeled costs (i.e.
production, O&M, abatement, sustaining capital, and capital investment) and specific costs considered
outside of the long-term model optimization (e.g. energy efficiency costs)

IRP UPDATED MODELING RESULTS - 2020-11-27 5
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FINAL PORTFOLIO STUDY - METRICS

The following metrics are being used to evaluate each portfolio studied; updates from the Scenarios and Modeling Plan
release based on ongoing work and stakeholder feedback are shown in purple text.

Metric Description

Minimization of the cumulative present value of the annual revenue requirements = 25 year NPV Revenue Requirement

over the planning horizon (with and without end-effects adjustment) Average Annual Relative Rate Impact - 25-yr

Magnitude and timing of electricity rate effects 10 year NPV Revenue Requirement
Average Annual Relative Rate Impact - 10-yr

Reliability requirements for supply adequacy Evaluation of PRM, resource capacity adequacy, operating reserve
requirements, etc.

Provision of essential grid services for system Quantitative and qualitative assessment of the status of essential grid

stability and reliability services provision for each portfolio. Many plans are similar in this respect,
so only key differences will be noted at this time.

Plan robustness (the ability of a plan to withstand plausible potential changes to Magnitude of the plan’s exposure to changes in key assumptions (via

key assumptions) sensitivity analysis) as well as resiliency to risks

Reduction of greenhouse gas and/or other emissions Quantitative reductions as output by Plexos; total emissions over planning
horizon.

Flexibility (limitation of constraints on future decisions arising from the selection of = Qualitative assessment of timing of investments
a particular path)

IRP UPDATED MODELING RESULTS - 2020-11-27 6
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1.0A

LOW ELEC. / BASE DSM / COMPARATOR EMISSIONS / CURRENT LANDSCAPE
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1.0A

LOW ELEC. / BASE DSM / COMPARATOR EMISSIONS / CURRENT LANDSCAPE

Scenario Metrics & Evaluation

25-yr NPVRR (SMM) $12,261 General Notes
e Coal capacity replaced with new gas CCGT and CT units in late 2030s
e Reliability Tie is built and enables additional economic wind generation in 2035

25-yr NPVRR with End Effects (SMM) $16,431 e ]| Gl Siemes
e Essential Grid Service requirements are met as modeled
10-yr NPVRR (SMM) $6,805 Resource Adequacy & PRM

e Reliability Tie: 2035
e Regional Integration: n/a
Average Annual Relative Rate Impact Plan Robustness & Flexibility

2021-2030 (:/’) 0'8:/° * No reliance on firm import energy or capacity
2021-2045 (%) 1.0% * Not compliant with Sustainable Development Goals Act
* More exposure to natural gas prices with 435MW NGCC capacity in 2040s

Total CO, Emissions 2021-2030 (MT) 43.5
Total CO, Emissions 2031-2045 (MT) 35.0
Total CO, Emissions 2021-2045 (MT) 78.5
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1.0C

LOW ELEC. / BASE DSM / COMPARATOR EMISSIONS / REGIONAL INTEGRATION

New Installed Capacity
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LOW ELEC. / BASE DSM / COMPARATOR EMISSIONS / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR with End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$12,032

$15,906

$6,766

0.8%
0.8%

40.4
23.5
63.8

General Notes

Incremental firm imports enable an economic coal unit retirement in the 2020s
Reliability Tie in 2030 enables additional wind integration earlier than seen in previous results
Regional Interconnection constructed in 2039 allows remaining coal retirements

Essential Grid Services

Essential Grid Service requirements are met as modeled

Resource Adequacy & PRM

Reliability Tie: 2030
Regional Integration: 2039

Plan Robustness & Flexibility

Not compliant with Sustainable Development Goals Act
Regional Integration provides flexible ability to meet emissions constraints

10
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2.0A

LOW ELEC. / BASE DSM / NET ZERO 2050 / CURRENT LANDSCAPE
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LOW ELEC. / BASE DSM / NET ZERO 2050 / CURRENT LANDSCAPE

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR with End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$12,193

$16,347

$6,786

0.8%
1.0%

44.5
33.2
77.7

General Notes

Reliability Tie built in 2030 enables wind integration; does not provide firm capacity or energy access

Essential Grid Services

Essential Grid Service requirements are met as modeled

Resource Adequacy & PRM

Reliability Tie: 2032
Regional Integration: n/a

Plan Robustness & Flexibility

No reliance on firm import energy or capacity
More exposure to natural gas prices with 435MW NGCC capacity in 2040s

12
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2.0C

LOW ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION
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LOW ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR with End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$12,076

$15,990

$6,776

0.8%
0.8%

40.7
24.3
65.0

General Notes

Capacity expansion and generation are very similar to 1.0C case but with SDGA compliant GHG curve

Essential Grid Services

Essential Grid Service requirements are met as modeled

Resource Adequacy & PRM

Reliability Tie: 2030
Regional Integration: 2037

Plan Robustness & Flexibility

Regional Integration provides flexible ability to meet emissions constraints

14
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MID ELEC. / BASE DSM / NET ZERO 2050 / CURRENT LANDSCAPE
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MID ELEC. / BASE DSM / NET ZERO 2050 / CURRENT LANDSCAPE

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR with End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$13,195

$18,002

$7,055

0.9%
0.9%

43.6
30.3
73.9

General Notes

Reliability Tie built in 2031 enables wind integration but does not provide firm capacity or energy
access

Gas CT builds provide capacity to support early electrification load growth; energy is supplied by wind
and non-firm imports, and CCGT when coal units retire

1 coal unit converted to gas in 2040

Essential Grid Services

Essential Grid Service requirements are met as modeled

Resource Adequacy & PRM

Reliability Tie: 2030
Regional Integration: n/a

Plan Robustness & Flexibility

No reliance on firm import energy or capacity
More exposure to natural gas prices with 435MW NGCC capacity in 2040s

16



Production (kilotonnes)

Nova Scotia Power IRP Final Report Appendix E Page 18 of 72

2.18B

MID ELEC. / BASE DSM / NET ZERO 2050 / DISTRIBUTED RESOURCES
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MID ELEC. / BASE DSM / NET ZERO 2050 / DISTRIBUTED RESOURCES

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR with End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$12,321

$16,312

$6,904

1.5%
1.1%

37.9
23.8
61.7

General Notes

DER is modeled as a load reduction; cost of DER resources not included in NPV calculations ($1.6B -
$2.5B)
1 coal unit converted to gas in 2037

Essential Grid Services

Essential Grid Service requirements are met as modeled

Resource Adequacy & PRM

Reliability Tie: 2035
Regional Integration: 2037

Plan Robustness & Flexibility

Regional Integration provides flexible ability to meet emissions constraints

18
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2.1C

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION
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MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR with End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$12,983

$17,506

$7,022

0.8%
0.8%

41.8
29.1
70.9

General Notes

Reliability Tie built in 2031 (earlier than previous runs) enables wind integration
1 coal unit retired economically in 2020s
1 less combined cycle unit in 2040 than seen in previous runs

Essential Grid Services

Essential Grid Service requirements are met as modeled

Resource Adequacy & PRM

Reliability Tie: 2030
Regional Integration: 2036

Plan Robustness & Flexibility

Regional Integration provides flexible ability to meet emissions constraints

20
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2.2A

HIGH ELEC. / MAX DSM / NET ZERO 2050 / CURRENT LANDSCAPE
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HIGH ELEC. / MAX DSM / NET ZERO 2050 / CURRENT LANDSCAPE

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR with End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$15,448

$21,301

$8,166

1.5%
1.2%

44.4
33.9
78.3

General Notes

Early load growth served by incremental gas CTs and non firm import energy
Reliability Tie built in 2030 (earlier than previous runs) enables wind integration
Additional wind is integrated with local mitigation

2 coal units converted to gas in 2037

Essential Grid Services

Essential Grid Service requirements are met as modeled

Resource Adequacy & PRM

Reliability Tie: 2030
Regional Integration: n/a

Plan Robustness & Flexibility

No reliance on firm import energy or capacity
Significant exposure to natural gas prices with NGCC and gas conversion builds
Limited ability to adjust sources of supply as existing import options are maximized
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New Installed Capacity
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HIGH ELEC. / MAX DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR with End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$15,172

$20,619

$8,135

1.5%
1.0%

43.7
29.0
72.7

General Notes

Reliability Tie & Regional Interconnection built in 2031 (earlier than in previous runs)
2 coal to gas conversions in 2037 & 2040

Essential Grid Services

Essential Grid Service requirements are met as modeled

Resource Adequacy & PRM

Reliability Tie: 2031
Regional Integration: 2031

Plan Robustness & Flexibility

Regional Integration provides flexible ability to meet emissions constraints
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3.18B

MID ELEC. / BASE DSM / ACCEL. NET ZERO 2045 / DISTRIBUTED RESOURCES
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MID ELEC. / BASE DSM / ACCEL. NET ZERO 2045 / DISTRIBUTED RESOURCES

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR with End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$12,540

$16,493

$6,906

2.0%
1.1%

35.8
8.8
44.7

General Notes

DER is modeled as a load reduction; cost of DER resources not included in NPV calculations ($1.6B -
$2.5B)

Reliability Tie and Regional Interconnection built in 2029 (earlier than in previous simulations) offsets
build of NGCC assets seen in previous modeling results

Essential Grid Services

Essential Grid Service requirements are met as modeled

Resource Adequacy & PRM

Reliability Tie: 2029
Regional Integration: 2029

Plan Robustness & Flexibility

Regional Integration provides flexible ability to meet emissions constraints
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3.1C

MID ELEC. / BASE DSM / ACCEL. NET ZERO 2045 / REGIONAL INTEGRATION
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MID ELEC. / BASE DSM / ACCEL. NET ZERO 2045 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR with End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$13,576

$18,148

$7,179

1.5%
0.8%

34.8
9.2
44.0

General Notes

1 coal to gas conversion in 2030
Regional Interconnection build in 2029
Solar is added late in the period (2044) as an energy resource

Essential Grid Services

Essential Grid Service requirements are met as modeled

Resource Adequacy & PRM

Reliability Tie: 2029
Regional Integration: 2029

Plan Robustness & Flexibility

Regional Integration provides flexible ability to meet emissions constraints
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3.28B

HIGH ELEC. / MAX DSM / ACCEL. NET ZERO 2045 / DISTRIBUTED RESOURCES
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HIGH ELEC. / MAX DSM / ACCEL. NET ZERO 2045 / DISTRIBUTED RESOURCES

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR with End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$14,837

$19,849

$8,059

2.7%
1.3%

33.8
10.2
44.0

General Notes

DER is modeled as a load reduction; cost of DER resources not included in NPV calculations ($1.6B -
$2.5B)

2 coal to gas conversions (2029 & 2030)

Solar is added late in the period (2045) as an energy resource

Essential Grid Services

Essential Grid Service requirements are met as modeled

Resource Adequacy & PRM

Reliability Tie: 2026
Regional Integration: 2026

Plan Robustness & Flexibility

Regional Integration provides flexible ability to meet emissions constraints
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HIGH ELEC. / MAX DSM / ACCEL. NET ZERO 2045 / REGIONAL INTEGRATION
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HIGH ELEC. / MAX DSM / ACCEL. NET ZERO 2045 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR with End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$15,841

$21,443

$8,289

2.2%
1.1%

36.2
10.3
46.5

General Notes

Gas CT builds and incremental firm imports support early load growth
Increased firm import energy relative to previous runs offsets NGCC generation (now see 1 unit
rather than 3 in previous modeling results)

Essential Grid Services

Essential Grid Service requirements are met as modeled

Resource Adequacy & PRM

Reliability Tie: 2029
Regional Integration: 2029

Plan Robustness & Flexibility

Regional Integration provides flexible ability to meet emissions constraints
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SENSITIVITY ANALYSIS RESULTS
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SENSITIVITY ANALYSIS OVERVIEW

In addition to the Final Portfolio Study, a series of model sensitivities has been studied to understand how model outputs will
vary with adjustments to key input parameters of interest.

On the following slides, results are provided for each sensitivity run and are also compared to the corresponding base case in
order to evaluate the impact of the change in model inputs.

Sensitivities that are included in this results release are listed below:

2.0A.DSM-1 Low Electrification / Mid DSM

2.1C.DSM-2 Mid Electrification / Mid DSM

2.2C.DSM-3 High Electrification / Mid DSM

2.0C.DSM-4 Low Electrification / Low DSM

2.0C.DSM-5 Low Electrification / Mid DSM

2.0C.DSM-6 Low Electrification / Max DSM

3.1C.DSM-7 Mid Electrification / Mid DSM / 2030 Coal Retirement
2.1C.Wind-1 Low Wind Cost

2.1C.Wind-2 Low Wind + Low Battery Cost

2.1C.Wind-3 Low Inertia

2.1C.Wind-4 No Inertia / No Wind Integration Requirements
2.1C.Mersey Mersey Hydro Retired

2.1C.Import-1 Limited Non-Firm Imports

2.0A.Import-2 Current Landscape case without Reliability Tie
2.1C.Import-3 Limited Reliability Tie Inertia (provides 50% of inertia requirement)
2.1C.CAPEX-1 High Sustaining Capex

2.1C.CAPEX-2 Low Sustaining Capex

2.1C.PRICES-1 High Import & Gas Prices

IRP UPDATED MODELING RESULTS - 2020-09-11 34
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2.0A.DSM-1 (MID DSM)
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LOW ELEC. / MID DSM / NET ZERO 2050 / CURRENT LANDSCAPE
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2.0A.DSM-1 (MID DSM)

LOW ELEC. / MID DSM / NET ZERO 2050 / CURRENT LANDSCAPE

Sensitivity

Base (2.0A)

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR w/ End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$12,531

$16,599

$7,145

1.3%
1.0%

42.2
28.6
70.7

$12,193

$16,347

$6,786

0.8%
1.0%

44.5
33.2
77.7

General Notes

e Relative to 2.0A (which includes Base DSM), 47MW fewer CT resources are built due to the
reduction in peak load from the higher level of DSM and the higher capacity contribution of
the DR program associated with Mid DSM (DR economically selected in both models)

* NPVRR s increased relative to Base DSM case for all three time periods

Essential Grid Services
¢ No significant change relative to 2.0A

Resource Adequacy & PRM
e Reliability Tie: 2028
¢ Regional Integration: n/a

Plan Robustness & Flexibility
¢ No significant change relative to 2.0A base
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2.1C.DSM-2 (MID DSM)
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MID ELEC. / MID DSM / NET ZERO 2050 / REGIONAL INTEGRATION
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2.1C.DSM-2 (MID DSM)

MID ELEC. / MID DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Sensitivity

Base (2.1C)

Scenario Metrics & Evaluation

Nova Scotia Power IRP Final Report Appendix E Page 39 of 72

25-yr NPVRR ($MM)

25-yr NPVRR w/ End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$13,288

$17,724

$7,342

1.2%
0.8%

39.9
25.2
65.1

$12,983

$17,506

$7,022

0.8%
0.8%

41.8
29.1
70.9

General Notes

e 1 coal unitis retired earlier than in 2.1C Base; remainder of resource plan very similar

* Mid DSM case retires one additional gas steam unit vs. 2.1C Base DSM by 2045; capacity is
replaced via a combination of decreased firm peak due to incremental DSM, additional
combustion turbine capacity, and the higher capacity contribution of the DR program

associated with Mid DSM

* NPVRR s increased relative to Base DSM case for all three time periods

Essential Grid Services

¢ No change relative to 2.1C

Resource Adequacy & PRM
e Reliability Tie: 2030
e Regional Integration: 2031

Plan Robustness & Flexibility
¢ No change relative to 2.1C Base
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HIGH ELEC. / MID DSM / NET ZERO 2050 / REGIONAL INTEGRATION
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2.2C.DSM-3 (MID DSM)

HIGH ELEC. / MID DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Sensitivity

Base (2.2C)

Scenario Metrics & Evaluation

25-yr NPVRR ($MM)

25-yr NPVRR w/ End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$14,721

$20,077

$7,817

1.1%
0.9%

34.4
29.2
63.6

$15,172

$20,619

$8,135

1.5%
1.0%

43.7
29.0
72.7

General Notes

Under the High Electrification / Mid DSM sensitivity, the Regional Interconnection is built 5
years earlier than 2.2C base case (which uses the Max DSM profile); this enables 1 earlier
coal retirement in the 2030s economically and significantly reduces GHG emissions over the
planning horizon

By 2045, Mid DSM case has 1 additional NGCC unit and fewer combustion turbines for a net
capacity difference of +47MW, very closely matching the firm peak increase of 41IMW due
to the change in DSM level

NPVRR is decreased relative to 2.2C Max DSM case for all three time periods

Essential Grid Services

No significant change from 2.2C

Resource Adequacy & PRM

Reliability Tie: 2025
Regional Integration: 2026

Plan Robustness & Flexibility

One additional NGCC increases exposure to gas prices; total gas generation limited by
emissions constraints in model scenarios
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2.0C.DSM-4 (LOW DSM)

LOW ELEC. / LOW DSM / NET ZERO 2050 / REGIONAL INTEGRATION
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2.0C.DSM-4 (LOW DSM)

LOW ELEC. / LOW DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Sensitivity

Base (2.0C)

Scenario Metrics & Evaluation

25-yr NPVRR ($MM)

25-yr NPVRR w/ End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$12,087

$16,146

$6,642

0.4%
0.7%

41.9
30.2
72.1

$12,076

$15,990

$6,776

0.8%
0.8%

40.7
24.3
65.0

General Notes

e Similar resource plan overall to 2.0C Base DSM; 1 economic coal retirement is delayed later
into 2030s due to increased load which leads to an increase in CO, emissions in the 2030s
By 2045 the Low DSM sensitivity adds 100MW incremental combustion turbine resources
relative to Base DSM, closely matching the firm peak increase of 86MW (plus the associated
PRM increase)

* NPVRR is decreased over the first 10 years, very similar over 25 years, and increased when
end effects are considered relative to 2.0C Base DSM indicating the solutions are very close
economically

Essential Grid Services
¢ No change relative to 2.0C

Resource Adequacy & PRM
e Reliability Tie: 2031
e Regional Integration: 2037

Plan Robustness & Flexibility
¢ No change relative to 2.0C
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2.0C.DSM-5 (MID DSM)

LOW ELEC. / MID DSM / NET ZER

Gen -

Gen -

Gen

Gen -

O 2050 / REGIONAL INTEGRATION

New Installed Capacity

Firm Imports 4000

CAES

- Non Firm Market

3000
Demand

Response

mGen-

Blocks

B Gen -

Gen -

mGen-

W Gen

mGen-

HGen

Gen

Gen -

Recips

HGen-

W Gen -

W Gen -

- Biomass

Maritime Link
Diesel CTs 2000 [ |
Solar

Wind

1000 ___IIIIIIIII

Tidal

Nameplate Capacity (MW)
[an]

Gas - New CTs & -1000

- Domestic Hydro ---lllllllllllll
- Gas - Conversion

Gas - New CCs
Gas - Existing 2000

PR I

Coal q,Q q,q' a4
0 Q N N S

NS
S
New Installed Capacity Comparison (2045)

2.0C.DSM-5 I 750 (ESoENT o1 |

2.0C IS o0 (ENSOOEMT o5

-2000 -1500 -1000 -500 0 500 1000 1500 2000 2500



Nova Scotia Power IRP Final Report Appendix E Page 45 of 72

2.0C.DSM-5 (MID DSM)

LOW ELEC. / MID DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Sensitivity

Base (2.0C)

Scenario Metrics & Evaluation

25-yr NPVRR ($MM)

25-yr NPVRR w/ End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$12,376

$16,272

$7,111

1.2%
0.9%

38.0
215
59.4

$12,076

$15,990

$6,776

0.8%
0.8%

40.7
24.3
65.0

General Notes

e Generally a similar resource plan to 2.1C

¢ Increased level of DSM in this sensitivity deferred Regional Integration to 2039 from 2037.
A net of 45MW of gas generation capacity is avoided (100 MW additional combustion
turbines and 145MW less NGCC relative to 2.0C Base DSM)

* NPVRR s increased relative to Base DSM case for all three time periods

Essential Grid Services
¢ No change relative to 2.0C

Resource Adequacy & PRM
e Reliability Tie: 2030
e Regional Integration: 2039

Plan Robustness & Flexibility
¢ No change relative to 2.0C
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2.0C.DSM-6 (MAX DSM)

LOW ELEC. / MAX DSM / NET ZERO 2050 / REGIONAL INTEGRATION
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2.0C.DSM-6 (MAX DSM)

LOW ELEC. / MAX DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Sensitivity

Base (2.0C)

Scenario Metrics & Evaluation

25-yr NPVRR ($MM)

25-yr NPVRR w/ End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$12,858

$16,826

$7,504

1.4%
1.0%

38.4
23.7
62.1

$12,076

$15,990

$6,776

0.8%
0.8%

40.7
24.3
65.0

General Notes

¢ Increased level of DSM deferred Reliability Tie to 2034 from 2030, and Regional Integration
to 2040 from 2037.
A net of 95MW of gas generation capacity is avoided (50 MW additional combustion
turbines and 145MW less NGCC relative to 2.0C Base DSM)

e 1 additional coal unit is retired in the 2020s economically and wind build is delayed

* NPVRR s increased relative to Base DSM case for all three time periods

Essential Grid Services
¢ No change relative to 2.0C

Resource Adequacy & PRM
e Reliability Tie: 2034
e Regional Integration: 2040

Plan Robustness & Flexibility
¢ No change relative to 2.0C
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3.1C.DSM-7 (MID DSM)

MID ELEC. / MID DSM / ACCEL. NET ZERO 2045 / REGIONAL INTEGRATION
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3.1C.DSM-7 (MID DSM)

MID ELEC. / MID DSM / ACCEL. NET ZERO 2045 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

Sensitivity  Base (3.1C)

25-yr NPVRR (SMM) $13,816 $13,576 General Notes

e Resource plan is largely unchanged between 3.1C and 3.1C with Mid DSM

e Slightly fewer batteries are built through the planning horizon due to lower firm capacity
requirements (firm peak is 28MW lower by 2045 under Mid DSM vs. Base DSM)

25y PR R e E s (o) 518,344 518,148 NPVRR is increased relative to Base DSM case for all three time periods
Essential Grid Services
10-yr NPVRR ($MM) $7,470 $7,179 * No change relative to 3.1C

Resource Adequacy & PRM
e Reliability Tie: 2029
e Regional Integration: 2030

Average Annual Relative Rate Impact

2021-2030 (%) 1.9% 1.5%
2021-2045 (%) 0.9% 0.8%
Plan Robustness & Flexibility
¢ No change relative to 3.1C
Total CO, Emissions 2021-2030 (MT) 349 34.8
Total CO, Emissions 2031-2045 (MT) 8.9 9.2

Total CO, Emissions 2021-2045 (MT) 43.9 44.0
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2.1C.WIND-1 (LOW WIND COST)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

New Installed Capacity
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2.1C.WIND-1 (LOW WIND COST)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Sensitivity

Base (2.1C)

Scenario Metrics & Evaluation

25-yr NPVRR ($SMM)

25-yr NPVRR w/ End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$12,820

$17,199

$7,087

0.6%
0.7%

30.5
26.1
56.6

$12,983

$17,506

$7,022

0.8%
0.8%

41.8
29.1
70.9

General Notes

e Low wind price advances build of significant wind quantities from 2030 in base case to
2025; Reliability Tie is advanced as well to enable integration

e Earlier build of Regional Interconnection relative to 2.1C allows procurement of firm
capacity and delays some combustion turbine builds

e Additional wind energy enables an additional coal unit retirement in 2030 relative to 2.1C
(advanced from 2036)

¢ Increased wind generation and earlier Regional Interconnection enables significantly
reduced CO, emissions in the 2020s; emissions in 2031-2045 are largely unchanged

e 2045 resource plans are effectively the same

¢ NPVRR s reduced relative to 3.1C in two of three metrics, slightly higher in 10-yr NPV due
to advancement of investment

Essential Grid Services
¢ No change relative to 2.1C

Resource Adequacy & PRM
e Reliability Tie: 2025
* Regional Integration: 2026

Plan Robustness & Flexibility
* Need further consideration on flexibility of import energy to balance increased wind
capacity in the near term
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2.1C.WIND-2 (LOW WIND & BATTERY COST)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION
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Gen - Firm Imports 4000
Gen - CAES
Gen - Non Firm Market

3000
Gen - Demand

Response = B B B
B Gen - Maritime Link —

Blocks
W Gen - Diesel CTs 2000
m Gen - Tidal I

W Gen - Domestic Hydro ---IIIIIIIIIIIII
Gen - Gas - Conversion
Gen - Gas - New CTs & -1000

Recips
B Gen - Gas - New CCs

Gen - Solar

M Gen - Wind

M Gen - Biomass

Nameplate Capacity (MW)
[an]

W Gen - Gas - Existing

-2000
B Gen - Coal O A > @ P o o o0 D S D >
N I I P R K B SR X S A
New Installed Capacity Comparison (2045)
2.1C.WIND-2 I 1,028 I o |
2.1C I 959 [ DEGE
2000  -1500  -1000 -500 0 500 1000 1500 2000 2500 3000

MW



Nova Scotia Power IRP Final Report Appendix E Page 53 of 72

2.1C.WIND-2 (LOW WIND & BATTERY COST)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

Sensitivity  Base (2.1C)

25-yr NPVRR (SMM) $12,928 $12,983 General Notes

¢ In general, resource plan changes are similar to what is seen in 2.1C.WIND-1 sensitivity but
more pronounced

e Low wind and battery prices advance build of significant wind quantities from 2030 in base
case to 2024; Reliability Tie is advanced as well to enable integration along with additional
integration provided by batteries

e Regional Integration is unchanged relative to 2.1C at 2036

10-yr NPVRR ($MM) $7,132 $7,022 « Additional wind energy enables an additional coal unit retirement in 2026 relative to 2.1C
(advanced from 2036)

* Increased wind generation enables significantly reduced CO, emissions in the 2020s;
emissions in 2031-2045 are largely unchanged

e 2045 resource plans show more wind and more CTs, and 1 additional retired gas steam unit

2021-2030 (:A’) 0.7% 0.8% ¢ NPVRR s reduced relative to 3.1C in two of three metrics, slightly higher in 10-yr NPV due
2021-2045 (%) 0.7% 0.8% to advancement of investment

25-yr NPVRR w/ End Effects (SMM) $17,258 $17,506

Average Annual Relative Rate Impact

Essential Grid Services

Total CO, Emissions 2021-2030 (MT) 26.8 41.8 * No change relative to 2.1C
Total CO, Emissions 2031-2045 (MT) 24.9 29.1
Total CO, Emissions 2021-2045 (MT) 51.7 70.9 Resource Adequacy & PRM

e Reliability Tie: 2023
e Regional Integration: 2036

Plan Robustness & Flexibility
e Need further consideration on flexibility of import energy to balance increased wind
capacity in the near term
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2.1C.WIND-3 (LOW INERTIA CONSTRAINT)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

New Installed Capacity
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2.1C.WIND-3 (LOW INERTIA CONSTRAINT)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

Sensitivity  Base (2.1C)

25-yr NPVRR (SMM) $12,901 $12,983 General Notes
* Inertia constraint is lowered from base of 3266 MW.sec to 2200 MW.sec in all hours
¢ Slight change to wind profile build is observed:
 Initial no integration build is 50MW 2024 / 50 MW 2026, vs. 100MW 2026 in 2.1C
e Reliability Tie is built one year later and 500MW wind build is staged from 2031-2034
rather than 2030-2032 as seen in 2.1C
e In both cases relatively little wind build via local integration option
10-yr NPVRR ($MM) $6,955 $7,022  Incremental production cost savings are achieved via fewer thermal units online in early
years of planning horizon; potential that this slightly delays the Reliability Tie build
¢ One additional gas steam unit is retired and replaced with incremental CT capacity
* Results suggest that lowering the inertia constraint in isolation has a limited impact on
overall resource plan optimization
Cost differences are small over all three NPV metrics

25-yr NPVRR w/ End Effects (SMM) $17,392 $17,506

Average Annual Relative Rate Impact
2021-2030 (%) 0.7% 0.8% .
2021-2045 (%) 0.8% 0.8%

Essential Grid Services
e Current studies indicate that 2200MW.sec of online kinetic inertia is not sufficient to

Total CO, Emissions 2021-2030 (MT) 40.8 41.8 reliably operate the NS Power system today; additional stability studies required to confirm
Total CO, Emissions 2031-2045 (MT) 30.9 29.1 potential impacts and mitigations, or dynamic operating constraints based on system state
Total CO, Emissions 2021-2045 (MT) 71.7 70.9

Resource Adequacy & PRM
e Reliability Tie: 2031
e Regional Integration: 2034

Plan Robustness & Flexibility
¢ No change from 2.1C
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2.1C.WIND-4 (NO INERTIA / NO INTEGRATION)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

New Installed Capacity
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2.1C.WIND-4 (NO INERTIA / NO INTEGRATION)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

Sensitivity  Base (2.1C)

25-yr NPVRR (SMM) $12,918 $12,983 General Notes

* Model builds more wind relative to base case, with 200MW incremental added by 2030 and
250MW incremental by 2035, and 638MW incremental in 2045
1 coal to gas conversion is selected, replacing a NGCC unit from the base case

25y IINBYRR W/ ERdIEfects (5MM) 517,474 517,506 PLEXOS MT/ST simulations show that curtailment reached 828 GWh in 2045 (13.4%), vs.
208 GWh in 2045 (5.2%) in the 2.1C base case
e Due to curtailment and replacement energy costs, NPVs incorporating MT/ST Production
10-yr NPVRR (SMM) $6,996 $7,022 Costs are not significantly lower than the base scenario 2.1C

Essential Grid Services
e This runis intended as a test case to understand how the model will perform with no inertia
constraint and no integration requirements for wind (i.e. Reliability Tie or Local Integration

Average Annual Relative Rate Impact

2021-2030 (%) 0.6% 0.8% options); it is not a feasible resource plan but rather an extreme bookend
2021-2045 (%) 0.8% 0.8%
Resource Adequacy & PRM
e Reliability Tie: 2040
Total CO, Emissions 2021-2030 (MT) 32.7 41.8 * Regional Integration: 2040
Total CO, Emissions 2031-2045 (MT) 20.1 29.1 ¢ Reliability Tie was built economically as part of Regional Integration to access firm capacity
Total CO, Emissions 2021-2045 (MT) 52.8 70.9 and energy; not required in this run for wind

Plan Robustness & Flexibility
¢ Significant wind penetration could be challenging to operate under some conditions
¢ The plan has retained flexibility of supply by adding the Regional Integration resource
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2.1C.MERSEY (MERSEY HYDRO RETIRED)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

New Installed Capacity
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2.1C.MERSEY (MERSEY HYDRO RETIRED)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

Sensitivity  Base (2.1C)

25-yr NPVRR (SMM) $12,939 $12,983 General Notes
e While the Mersey system was economically retained in the screening phase, this sensitivity
was completed in order to understand how capacity and energy would be replaced
e Mersey Hydro is assumed to retire in 2025 in this scenario
Regional Integration build is advanced from 2036 to 2030, and significant wind build occurs
in 2030 rather than 2032
e By the end of the planning horizon, the build is similar but with 40MW of incremental
10-yr NPVRR ($MM) $6,840 $7,022 combustion turbine capacity accounting for the retirement of Mersey Hydro
* Mersey Decommissioning Cost ($227MM) is external to PLEXOS but included in Sensitivity
NPV and Rate Impact results as an extrinsic cost

25-yr NPVRR w/ End Effects (SMM) $17,584 $17,506

Average Annual Relative Rate Impact Essential Grid Services

2021-2030 (:A’) 0.8% 0.8% e Decommissioning of Mersey Hydro system would require system stability studies for the
2021-2045 (%) 0.8% 0.8% Western region of Nova Scotia due to changes in essential grid service provision; cost of any
mitigation not included in decommissioning NPV
Total CO, Emissions 2021-2030 (MT) 42.7 41.8 Resource Adequacy & PRM
Total CO, Emissions 2031-2045 (MT) 28.5 29.1 * Reliability Tie: 2030
Total CO, Emissions 2021-2045 (MT) 71.2 70.9 » Regional Integration: 2030

Plan Robustness & Flexibility
e Hydro assets are not subject to fuel price volatility and are located locally in Nova Scotia
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2.1C.IMPORT-1 (LIMITED NON-FIRM IMPORTS)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

New Installed Capacity
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2.1C.IMPORT-1 (LIMITED NON-FIRM IMPORTS)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

Sensitivity  Base (2.1C)

25-yr NPVRR (SMM) $13,385 $12,983 General Notes

e Sensitivity reduces the maximum quantity of non-firm imports from all sources available to
the model by 0.8TWh

* Model builds wind earlier in late 2020s
Sensitivity case builds one additional NGCC and retires one additional gas steam unit but
remainder of 2045 resource mix largely unchanged; generation mix sees additional
procurement of firm imports to offset reduction in non-firm availability

10-yr NPVRR ($MM) $7,328 $7,022 * In general the 2.1C base resource plan is robust to a reduction in non-firm imports, but

replacement energy does come at a higher cost

25-yr NPVRR w/ End Effects (SMM) $17,915 $17,506

Essential Grid Services
¢ No change relative to 2.1C

Average Annual Relative Rate Impact

2021-2030 (%) 1.1% 0.8%
2021-2045 (%) 0.8% 0.8% Resource Adequacy & PRM
e Reliability Tie: 2024
Total CO, Emissions 2021-2030 (MT) 435 41.8 * Regional Integration: 2026
Total CO, Emissions 2031-2045 (MT) 35.1 29.1
Total CO, Emissions 2021-2045 (MT) 78.6 70.9 Plan Robustness & Flexibility

¢ No change relative to 2.1C
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2.0A.IMPORT-2 (NO RELIABILITY TIE)

MID ELEC. / BASE DSM / NET ZERO 2050 / CURRENT LANDSCAPE
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2.0A.IMPORT-2 (NO RELIABILITY TIE)

MID ELEC. / BASE DSM / NET ZERO 2050 / CURRENT LANDSCAPE

Sensitivity

Scenario Metrics & Evaluation

Base (2.0A)

25-yr NPVRR ($MM)

25-yr NPVRR w/ End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$12,470

$16,704

$6,906

0.9%
1.0%

40.6
36.2
76.8

$12,193

$16,347

$6,786

0.8%
1.0%

44.5
33.2
77.7

General Notes

Without the ability to build the Reliability Tie, wind is built via the local integration option
(batteries + synchronous condensers), which also contribute to system inertia requirements
Total quantity of wind built is less and batteries are added for wind integration; remainder
of resource plan is similar

Costs are higher than the base 2.0A scenario for all NPV metrics

Essential Grid Services

High inertia synchronous condensers contribute kinetic inertia in addition to online thermal
generation

Resource Adequacy & PRM

Reliability Tie: n/a
Regional Integration: n/a

Plan Robustness & Flexibility

No change relative to 2.0A
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2.1C.IMPORT-3 (LIMITED RELIABILITY TIE INERTIA)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

New Installed Capacity
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2.1C.IMPORT-3 (LIMITED RELIABILITY TIE INERTIA)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

Sensitivity  Base (2.1C)

25-yr NPVRR (SMM) $13,067 $12,983 General Notes

* In this scenario the Reliability Tie contributes only 50% of required system inertia once built
(i.e. 1633 MW.sec); intention of scenario is to test robustness of the assumption that
Reliability Tie can supply all system inertia requirements
Reliability Tie and Regional Integration are built slightly earlier in this scenario, with some
accompanying earlier retirements as well, likely because more flexible units are easier to
satisfy the remaining inertia requirement with

10-yr NPVRR ($MM) $7,066 $7,022 » Generation mix is generally unchanged from 2.1C on an annual basis

e Costs are relatively close to 2.1C on all NPV metrics

25-yr NPVRR w/ End Effects (SMM) $17,581 $17,506

Essential Grid Services
e No change from 2.1C

Average Annual Relative Rate Impact

2021-2030 (%) 0.9% 0.8%
2021-2045 (%) 0.8% 0.8% Resource Adequacy & PRM
e Reliability Tie: 2028
e Regional Integration: 2029
Total CO, Emissions 2021-2030 (MT) 40.8 41.8
Total CO, Emissions 2031-2045 (MT) 26.8 29.1 Plan Robustness & Flexibility

Total CO, Emissions 2021-2045 (MT) 67.6 70.9 * No change from 2.1C
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2.1C.CAPEX-1 (HIGH SUSTAINING CAPEX)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION
New Installed Capacity
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2.1C.CAPEX-1 (HIGH SUSTAINING CAPEX)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Sensitivity

Base (2.1C)

Scenario Metrics & Evaluation

25-yr NPVRR (SMM)

25-yr NPVRR w/ End Effects (SMM)

10-yr NPVRR ($MM)

Average Annual Relative Rate Impact
2021-2030 (%)
2021-2045 (%)

Total CO, Emissions 2021-2030 (MT)
Total CO, Emissions 2031-2045 (MT)
Total CO, Emissions 2021-2045 (MT)

$13,361

$17,832

$7,378

1.0%
0.7%

37.4
27.3
64.7

$12,983

$17,506

$7,022

0.8%
0.8%

41.8
29.1
70.9

General Notes

High case is modeled as a +50% increase in annual Sustaining Capital estimates for all
thermal steam units (gas and coal)

Reliability Tie is built 6 years earlier and Regional Interconnection 7 years earlier vs. Base

1 additional gas steam unit retired in 2026; capacity replaced with combustion turbines

1 coal unit retirement advanced to 2030 from 2040; capacity replaced with firm imports via
Regional Interconnection

Wind and combustion turbine builds replace capacity and energy from earlier retirements
Final resource plan is very similar other than 1 additional gas steam unit retired and
replaced with combustion turbines.

Essential Grid Services

No significant change from 2.1C

Resource Adequacy & PRM

Reliability Tie: 2024
Regional Integration: 2029

Plan Robustness & Flexibility

No significant change from 2.1C

66
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2.1C.CAPEX-2 (LOW SUSTAINING CAPEX)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION
New Installed Capacity
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2.1C.CAPEX-2 (LOW SUSTAINING CAPEX)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

Sensitivity  Base (2.1C)

25-yr NPVRR (SMM) $12,771 $12,983 General Notes

¢ Low case is modeled as a -25% increase in annual Sustaining Capital estimates for all
thermal steam units (gas and coal)

e Reliability Tie is built 1 year later and Regional Interconnection 2 years later vs. Base

25y PR ) | B (o ) 517,304 »17,506 Gas steam retirements unchanged from Base

e Early coal retirement in Base scenario is delayed until 2038

e Combustion turbine and wind builds are delayed in line with later coal unit retirement date
10-yr NPVRR (SMM) $6,887 $7,022 but final resource plan is essentially unchanged from 2.1C

Essential Grid Services
¢ No significant change from 2.1C

Average Annual Relative Rate Impact

2021-2030 (:A’) 0'7:/’ 0'8:/" Resource Adequacy & PRM
2021-2045 (%) 0.8% 0.8% * Reliability Tie: 2031
e Regional Integration: 2038
Total CO, Emissions 2021-2030 (MT) 43.8 41.8 Plan Robustness & Flexibility
Total CO, Emissions 2031-2045 (MT) 29.8 29.1 e No significant change from 2.1C

Total CO, Emissions 2021-2045 (MT) 73.6 70.9



Production (kilotonnes)
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2.1C.PRICES-1 (HIGH IMPORT & GAS PRICES)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Energy Balance

CO, Emissions

Gen -

Gen -

Gen -

Gen -

New Installed Capacity

Firm Imports
CAES
Non Firm Market

Demand

Response

B Gen-

Maritime Link

Blocks

B Gen -

Gen -

W Gen-

B Gen-

mGen-

mGen -

Gen -

Gen -

Diesel CTs

Solar

Wind

Biomass

Tidal

Domestic Hydro
Gas - Conversion

Gas - New CTs &

Recips

B Gen

W Gen

- Gas - New CCs

- Gas - Existing

W Gen - Coal

New Installed Capacity Comparison (2045)

2.1C.PRICE-1 I e 1,058 N 615 |
2.1¢ I 959 e 615

-1500 -1000 -500 0 500 1000 1500 2000 2500 3000

69



Nova Scotia Power IRP Final Report Appendix E Page 71 of 72

2.1C.PRICES-1 (HIGH IMPORT & GAS PRICES)

MID ELEC. / BASE DSM / NET ZERO 2050 / REGIONAL INTEGRATION

Scenario Metrics & Evaluation

Sensitivity  Base (2.1C)

25-yr NPVRR (SMM) $13,854 $12,983 General Notes
e Under this sensitivity, gas and import prices were increased to the High sensitivity case
developed as part of the IRP Assumptions set
Relatively little change is seen in the resource plan relative to the base scenario
A small amount of solar is added late in the horizon as an energy resource, not see in the
base case run
¢ One additional gas steam turbine retirement relative to the base case (2037), replaced with
10-yr NPVRR (SMM) $7,349 $7,022 combustion turbine capacity
e Small increment to battery installed capacity late in the planning horizon
e Regional Integration resource strategy is selected one year later, indicating this strategy is
robust to higher import energy prices

25-yr NPVRR w/ End Effects (SMM) $19,011 $17,506

Average Annual Relative Rate Impact

2021-2030 (%) 1.1% 0.8% Essential Grid Services
2021-2045 (%) 1.1% 0.8% ¢ No significant change from 2.1C
Resource Adequacy & PRM
Total CO, Emissions 2021-2030 (MT) 41.8 41.8 e Reliability Tie: 2029
Total CO, Emissions 2031-2045 (MT) 29.5 29.1 e Regional Integration: 2037
Total CO, Emissions 2021-2045 (MT) 71.3 70.9

Plan Robustness & Flexibility
¢ No significant change from 2.1C
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Release Notes - 2020-09-02
* The data tables in this file contain the Initial Portfolio Study results from PLEXOS LT and Plexos MT/ST for
NS Power's IRP Modeling Results release dated 2020-09-02 in tabular format for:
* Installed Capacity Changes
* Annual Energy Balance
* Annual Emissions

Release Notes - 2020-09-17
e Added data tables for 2.1C.Import-3 (Limited Reliability Tie Inertia) which were unintentionally omitted
from the previous release

Release Notes - 2020-10-30

* Added data tables for scenarios 2.1C.CAPEX-1 (High Sustaining CapEx), 2.1C.CapEx-2 (Low Sustaining
CapEx), 2.1C.PRICES-1 (high Import & Gas Prices)

* Fixed data entry error - Annual Energy Balance - 2.2C - Firm Imports (mistakenly input as 'Non Firm
Imports'




inal Portfolio Study
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1.0A

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 pLED] 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€O, (k tonnes) 5023 4557 4314 4265 4169 4386 4,337 429 4231 3,892 3,873 3,896 3842 3868 2455 2500 2,531 2,612 2,505 1,116 1,122 1,137 1,157 1,177 1,196
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 11 11 11 10 10 10 10 10 8 8 8 8 8 6 6 6 5 4 2 2 2 2 2 2
S0, (tonnes) 37 37 34 34 28 26 26 26 25 20 20 20 20 20 14 14 14 14 15 0 0 0 0 0 0
1.0C

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€O, (k tonnes) 5023 4162 4155 4130 4,00 4268 4212 4166 3,926 2221 2,195 2031 2015 2027 2033 2069 2,098 2,119 1911 667 821 834 858 881 904
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 10 9 9 8 8 8 8 8 5 5 4 4 4 5 5 5 5 4 1 1 1 1 1 1
S0, (tonnes) 37 35 33 33 28 26 26 26 25 16 16 14 14 14 14 14 15 15 15 0 0 0 0 0 0
2.0A

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 pLED] 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€O, (k tonnes) 5023 4566 4539 4343 4332 4483 4493 4457 438 3910 3900 3211 3004 2,699 2717 2,761 2,630 2,650 2,470 1,149 1,160 1,179 1,200 1,217 1,246
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 11 11 11 10 10 10 10 10 8 8 8 7 6 6 6 6 5 4 2 2 2 2 2 2
S0, (tonnes) 37 37 34 34 28 26 26 26 26 20 20 18 17 15 15 15 15 14 15 0 0 0 0 0 0
2.0C

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2041 2042 2043 2044 2045
€O, (k tonnes) 5023 4162 4,148 4121 4088 4277 4221 4,176 4,098 2,38 2350 2,194 2175 2188 2,195 2,069 2,09 2,117 1911 667 829 839 851 888 903
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 10 9 9 8 8 8 8 8 5 5 5 5 5 5 5 5 5 4 1 1 1 1 1 1
SO; (tonnes) 37 35 33 33 28 26 26 26 26 18 17 16 15 15 15 14 14 15 15 0 0 0 0 0 0
2.1A

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 pLED] 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€O, (k tonnes) 5031 4610 4665 4683 4563 4359 4344 4379 4390 2530 2542 2586 2598 2,673 2,228 2304 2,356 2,383 2,428 1347 1,365 1,398 1,383 1,362 1,390
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 11 10 10 9 8 8 8 8 6 6 6 6 6 5 5 5 5 6 2 2 2 2 2 2
S0, (tonnes) 37 38 34 34 28 26 26 26 26 19 20 20 20 20 15 15 15 15 15 0 0 0 0 0 0
2.1B

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2045
€O, (k tonnes) 4666 4002 3,940 3918 3784 3,898 3789 3655 3437 2,789 2,756 2,748 2,725 2,737 2,121 2011 1798 1791 1,621 587 590 580 591 591 594
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 10 10 10 10 9 9 9 9 8 7 7 7 7 7 6 5 4 4 3 0 0 0 0 0 0
SO, (tonnes) 31 31 30 30 24 24 23 22 22 20 20 20 20 20 14 13 15 15 15 0 0 0 0 0 0
2.1C

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 pLED] 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€O, (k tonnes) 5031 4,189 4223 4258 4260 4,194 4,193 4207 4,181 3,067 2910 2317 2342 2407 2451 2545 2,620 2,650 2,470 1,006 1,028 1,054 1,080 1,113 1,125
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 10 9 9 8 8 8 8 8 6 6 4 5 5 5 5 5 5 4 1 1 1 1 1 1
S0, (tonnes) 37 35 34 34 28 26 26 26 26 18 17 12 12 13 13 14 14 15 15 0 0 0 0 0 0
2.2A

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2041 2042 2043 2045
€O, (k tonnes) 5039 4667 4667 4,707 4,444 4341 4414 4429 4440 3290 2,838 2926 2988 3,145 2801 2,886 2,627 2,650 2,470 1465 1434 1442 1426 1,400 1,390
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 12 11 11 10 9 10 10 10 8 7 7 7 7 6 6 5 5 5 3 3 3 3 2 2
SO; (tonnes) 37 38 34 34 28 26 26 26 26 20 17 17 18 19 15 15 15 15 12 0 0 0 0 0 0

Annual Emissions
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2.2C

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 pLED] 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€O, (k tonnes) 5039 4246 4213 4263 4256 4503 4378 4416 4426 3992 2,680 2600 2215 2,287 2341 2375 2,297 2377 2455 1,138 1,170 1,214 1,253 1,284 1327
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 11 11 11 10 10 9 10 10 8 7 7 6 6 6 6 5 5 5 2 2 2 2 2 2
SO, (tonnes) 37 36 34 34 28 26 26 26 26 20 20 19 15 16 15 15 15 15 15 0 0 0 0 0 0
3.1B

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2045
€O, (k tonnes) 4990 4,099 4,108 4,088 3980 4,00 3992 3857 2,044 587 585 589 583 587 587 591 598 597 600 604 602 605 612 609 500
Hg (kg) 45 45 45 45 45 45 45 45 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NO, (tonnes) 11 10 9 9 8 8 8 8 4 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0
SO; (tonnes) 36 34 32 33 27 26 26 26 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3.1C

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 pLED] 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 044 2045
€O, (k tonnes) 5031 4,189 4223 4256 3618 3851 3539 3,581 1,962 568 569 577 580 586 593 607 619 629 646 660 667 670 685 610 500
Hg (kg) 45 45 45 45 45 45 45 45 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NO, (tonnes) 11 10 9 9 7 8 7 7 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SO, (tonnes) 37 35 34 34 23 25 23 24 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3.2B

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€O, (k tonnes) 4990 4,153 4,093 4076 4023 3981 3,063 2,793 1,989 619 619 634 630 667 646 659 732 744 760 773 775 764 710 610 500
Hg (kg) 45 45 45 45 45 45 45 40 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NO, (tonnes) 11 10 10 10 9 9 7 7 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0
SO; (tonnes) 36 35 34 34 27 26 18 16 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3.2C

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 pLED] 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 044 2045
€O, (k tonnes) 5039 4246 4213 4250 3,692 3975 3,82 380 2520 605 610 611 611 627 640 680 752 798 809 780 779 804 710 610 500
Hg (kg) 45 45 45 45 45 45 45 45 33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NO, (tonnes) 11 11 11 11 9 9 9 9 5 1 0 1 0 1 1 1 1 1 1 1 1 1 1 0 0
S0, (tonnes) 37 36 34 34 25 25 23 23 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Annual Emissions




2.0A.DSM-1 (Mid DSM)
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Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 pLED] 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€O, (k tonnes) 5023 4583 4368 4296 4230 4349 4308 3,699 4005 3,323 3,110 2,747 2548 2,241 2,246 2,287 2,323 2,348 2330 1,020 1,020 1,046 1,074 1,094 1,123
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 11 9 9 8 8 8 8 8 7 6 5 5 4 4 4 4 5 4 2 2 2 2 2 2
SO, (tonnes) 37 38 34 34 28 26 26 24 26 19 18 15 14 11 11 11 12 12 15 0 0 0 0 0 0
2.1C.DSM-2 (Mid DSM)

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2041 2042 2043 2045
€O, (k tonnes) 5031 4,189 4,181 4177 4141 4181 3,980 3,964 3,941 2,093 2093 2121 2143 2195 2085 2175 2,229 2,262 2,036 908 929 955 989 1,025 1,064
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 10 9 9 8 8 8 8 8 5 5 5 5 5 5 5 5 5 5 1 1 1 1 1 1
SO; (tonnes) 37 35 33 33 28 26 26 26 26 15 15 15 15 16 15 15 15 15 15 0 0 0 0 0 0
2.2C.DSM-3 (Mid DSM)

Emissi Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 pLED] 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€O, (k tonnes) 5039 4246 4276 4384 2915 3031 2,585 2,654 2,687 2577 2,630 2,717 2468 2579 2291 2,362 1,985 2,004 2,303 1,210 1,244 1,289 1,338 1372 1,390
Hg (kg) 45 45 45 45 45 45 a4 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 11 11 11 8 8 7 7 7 7 7 7 6 7 6 6 4 4 5 2 2 2 2 2 2
SO, (tonnes) 37 36 34 34 22 23 19 19 20 19 19 20 18 19 15 15 15 15 15 0 0 0 0 0 0
2.0C.DSM-4 (Low DSM)

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2041 2042 2043 2045
€O, (k tonnes) 5022 4161 4,194 4212 4040 4262 4090 4077 4036 3,830 3091 2788 2,791 2,495 2,527 2,585 2,636 2,650 2,470 996 996 1,010 1,028 1051 1,068
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 10 9 9 8 8 8 8 8 7 6 6 6 5 5 5 5 5 4 1 1 1 1 1 1
S0, (tonnes) 37 35 33 34 27 26 26 26 26 20 18 16 16 13 13 14 14 15 15 0 0 0 0 0 0
2.0C.DSM-5 (Mid DSM)

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 pLED] 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€02 (k tonnes) 4828 4084 4,039 3967 3,868 3,856 3,778 3702 3584 2,256 2214 2,200 2,175 2,028 1,880 1,751 1,778 1,804 1,823 620 623 631 641 648 654
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 10 10 9 9 8 8 7 7 7 5 5 5 5 4 4 4 4 4 4 1 1 1 1 1 0
SO, (tonnes) 33 32 30 30 26 25 23 22 23 16 16 15 15 14 12 11 11 11 15 0 0 0 0 0 0
2.0C.DSM-6 (Max DSM)

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€02 (k tonnes) 4771 4076 3,980 3,870 3,712 3,82 3722 3625 3504 3347 3,288 2,886 2,869 2283 1826 1,707 1740 1767 1,645 592 593 604 614 621 620
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 10 10 9 8 8 8 7 7 7 6 6 6 6 5 4 4 4 4 4 1 1 1 1 1 0
SO, (tonnes) 33 31 29 27 24 24 22 22 22 19 20 20 20 16 12 10 11 11 12 0 0 0 0 0 0
3.1C.DSM-7 (Mid DSM)

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 pLED] 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€02 (k tonnes) 5031 4,180 4,181 4062 3662 3854 3831 3812 1,737 572 556 558 562 567 572 581 592 616 624 637 637 661 667 610 500
Hg (kg) 45 45 45 45 45 45 45 45 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NO, (tonnes) 11 10 9 9 7 8 8 7 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S0, (tonnes) 37 35 33 32 24 26 24 24 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Annual Emissions




2.1C.WIND-1 (Low Wind Cost)

Emission Vear

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

2041

2042
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CO2 (k tonnes)
Hg (kg)

NO, (tonnes)
SO, (tonnes)

5,031
45
1
37

4,189
45
10
35

3,919
45
8
31

3,945
45
8
32

2,042
35
5

2,280
40
5

2,302
35
5

2,353
32
5

2,298
33
5

2,131
30
5

2,146
30
5
16

2,186
30
5
16

2,206
30
5
16

2,254
30
5
17

2,235
25
5
15

2,271
25
5
15

2,257
25
5
15

2,286
25
5
15

1,986
25
4
15

980
0
1
0

1,003

1,028

2043

1,054 1,095 1,114
0 0 0
1 1 1
0 0 0

(Low Wind & Battery Cos

Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043
€02 (k tonnes) 5031 4,189 3077 2,129 1902 2137 2118 2130 2,106 1,985 2001 2040 2068 2,127 2,176 2221 2266 2250 1,751 922 947 975 1,000 1,045 1071
Hg (kg) 45 45 45 36 31 37 36 38 36 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 10 7 5 4 5 5 5 5 4 4 5 5 5 5 5 5 5 3 1 1 1 1 1 1
SO; (tonnes) 37 35 23 14 12 15 15 15 15 14 14 14 15 15 15 15 15 15 15 0 0 0 0 0 0
2.1C.WIND-3 (Low Inertia Constraint)

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€02 (k tonnes) 4623 4089 4107 3971 3970 4056 4058 4077 4047 3850 3,276 2,988 2,851 2433 2481 2572 2,667 2,650 2,470 1,028 1,043 1,079 1,094 1,110 1,119
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 10 10 9 9 8 9 8 8 8 7 7 6 6 5 5 5 5 5 4 1 1 1 1 1 1
SO, (tonnes) 32 31 30 29 27 26 26 26 26 20 20 18 17 13 13 14 15 15 15 0 0 0 0 0 0

2.1C.WIND-4 (No Inertia / No Integrati

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
€02 (k tonnes) 4593 4,089 3,939 3,636 3,121 3,329 2,514 2,548 2,517 2,378 2,087 2,126 1,995 2,050 1,713 1,748 1,731 1,745 1,611 567 559 566 542 538 545
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 11 9 8 7 8 6 6 6 5 5 5 4 5 4 4 4 4 3 0 0 0 0 0 0
SO; (tonnes) 34 31 29 27 23 26 19 20 19 18 15 15 14 15 11 11 15 15 15 0 0 0 0 0 0
2.1C.Mersey

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
€02 (k tonnes) 5006 4,153 4,176 4,293 4,436 4,622 4518 4532 4512 2,452 2,465 2,510 2,520 2,571 2,327 2,380 2,307 2,378 2,262 1,107 1,121 1,133 1,144 1,154 1,170
He (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NO, (tonnes) 11 10 11 11 10 10 10 10 10 6 6 6 6 6 5 5 5 5 5 1 1 1 1 1 1
SO, (tonnes) 36 35 34 34 28 26 26 26 26 19 19 19 19 19 15 15 15 15 15 0 0 0 0 0 0

2.1C.Import-1 (Limited Non-Firm)

Emission Vear

CO2 (k tonnes)
Hg (kg)

NO, (tonnes)
SO, (tonnes)

2021
5,120
45
13
42

2022
4,867
45
12
39

2023
4,945
45
10
34

2024
4,940
45
10
34

2025
3,921
45
8
25

2026
4,093
45
8
26

2027
4,134
45
8
26

2028
4,213
45
9
26

2029
4,19
45
9
26

2030
3,058
30
6
17

2031
3,077
30
6
17

2032
3,130
30
6
18

2033
3,152
30
6
18

2034
3,213
30
7
18

2035
3,180
25
6
15

2036
3,010
25
6
15

2037
2,830
25
5
15

2038
2,650
25
5
15

2039
2,470
25

15

2040
1,381
0
2
0

1,394

1,400

1,413 1,429 1,390

0 0 0
2 2 2
0 0 0

2.0A.Import-2 (No Reliability Tie)

Emission Vear

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

2041

CO2 (k tonnes)
Hg (kg)

NO, (tonnes)
SO, (tonnes)

4,786
45
10
33

4,297
45
1
33

4,409
45
10
34

4,351
45
9
33

3,774
45
8
24

3,947
45
8
26

3,947
45
8
26

3,982
45
8
25

3,653
45
7
22

3,499
30
7
20

3,469
30
7
20

3,469
30
7
20

3,453
30
7
20

3,360
30
7
20

3,180
25
5
15

3,010
25
6
15

2,830
25
6
15

2,650
25
6
15

2,401
25
5
15

1,397
0
2
0

1,392

1,402

1,380 1,398 1,390

0 0 0
2 2 2
0 0 0

2.1C.Import-3 (Limited Reliability Tie I

Emission Vear

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

2041

2042

CO2 (k tonnes)
Hg (kg)
NO, (tonnes)

SO, (tonnes)

5,031
45
11
37

4,189
45
10
35

4,223
45
9
34

4,256
45
9
34

4,126
45
8
28

4,217
45
8
26

4,216
45
8
26

4,070
45
8
26

4,055
45
8
26

2,377
30
5
18

2,237
30
5
17

2,281
30

17

2,295
30

2,353
30

2,253
25

2,313
25

2,268
25

2,313
25
5
15

2,025
25
4
15

1,026
0
1
0

1,038
0
1
0

1,068
0
1
0

2043 2044

1,001 1,114 1,127
0 0 0
1 1 1
0 0 0

Annual Emissions
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2.1C.CAPEX-1 (High Sustaining CapEx)

Emission Vear 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
CO2 (k tonnes) 5,031 4,189 4,223 4,142 3,642 3,570 3,406 3,433 3,395 2,383 2,395 2,449 2,469 2,364 2,261 2,320 2,263 2,317 1,982 1,033 1,047 1,071 1,092 1,117 1,131
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NOx (tonnes) 1 10 9 9 8 7 7 7 7 5 5 6 6 5 5 5 5 5 4 1 1 1 1 1 1
SO2 (tonnes) 37 35 34 31 24 24 21 21 22 18 18 19 19 18 15 15 15 15 15 0 0 0 0 0 0

2.1C.CAPEX-2 (Low Sustaining CapEx)

Emission Vear 2035 2036

CO2 (k tonnes) 5,031 4,189 4,181 4,222 4,235 4,488 4,487 4,499 4,476 3,956 3,219 2,757 2,464 2,363 2,413 2,502 2,581 2,650 2,470 1,002 1,023 1,049 1,074 1,110 1,121
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 [ 0
NOx (tonnes) 11 10 11 11 10 10 10 10 10 8 7 7 6 6 6 6 6 5 5 1 1 1 1 1 1
SO2 (tonnes) 37 35 34 34 28 26 26 26 26 20 19 16 14 13 13 14 14 15 15 0 0 0 0 0 0

2.1C.PRICES-1 (High Import & Gas Prici

Emission Vear 2035 2036

CO2 (k tonnes) 5,120 4,196 4,231 4,266 4,145 4,265 4,264 4,280 4,091 2,969 2,979 2,370 2,398 2,455 2,518 2,611 2,709 2,650 2,470 1,022 1,032 1,054 1,082 1,080 1,099
Hg (kg) 45 45 45 45 45 45 45 45 45 30 30 30 30 30 25 25 25 25 25 0 0 0 0 0 0
NOx (tonnes) 12 10 9 9 8 8 8 8 8 6 6 5 5 5 5 5 5 5 4 1 1 1 1 1 1
SO2 (tonnes) 41 35 33 34 28 26 26 26 26 18 18 13 13 13 14 14 15 15 15 0 0 0 0 0 0

Annual Emissions



Final Portfolio Study

1.0A

Generator Year |
Existing Coal Retirements
Existing Gas Retirements
Gas - New CCs

Gas - New CTs & Recips
Gas - Conversion
Biomass

Wind

Solar

CAES

Demand Response
Battery 1hr

Battery 4hr

1.0C

Generator Year |

Existing Coal Retirements
Existing Gas Retirements
Gas - New CCs

Gas - New CTs & Recips
Gas - Conversion
Biomass

Wind

Solar

CAES

Demand Response

Firm Imports

Battery 1hr

Battery 4hr

2.0A

Generator Vear |
Existing Coal Retirements
Existing Gas Retirements
Gas - New CCs

Gas - New CTs & Recips
Gas - Conversion
Biomass

Wind

Solar

CAES

Demand Response
Battery 1hr

Battery 4hr

2.0C

Generator Vear |
Existing Coal Retirements
Existing Gas Retirements
Gas - New CCs

Gas - New CTs & Recips
Gas - Conversion
Biomass

Wind

Solar

CAES

Demand Response

Firm Imports

Battery 1hr

Battery 4hr

MW/units
2021

MW/units
2021

MW/units
2021

MW/units
2021

| 2022

2023

2026

2 Units

0
150

1 unit
2 units

2027

2 Units

0
150

1 unit
2 units

2028

2 Units

0
150

1 unit
2 units

2029

2 Units

0
150

1 unit
2 units

0
219

1 unit
2 units

2 Units

0
150
0
0
124

2 units
2 units

0
237
0
0
450

2 units

0
159
0
0
100

2031

0

2 Units

0
150
0
[
124
[
0
78
10
16

2 units
2 units

0
237

2 units

[
159
[
0
100
0
[
78
10
[

2 units
2 units

[
259
[
0
400
0
[
78
165
10

2032

0

2 Units

0
150
0
0
124

2 units
2 units

0
287
0
0
500

2 units

0
159
0
0
300

2 units
2 units

0
259
0
0
450

2033

2 Units
[
150
[
[
124
[
0
77
10
16

2 units
2 units
0
287
0
[
500
[

0
79
165
10

2 units
0
159
[
0
350
0
0
77
10
[

2 units
2 units
[
259
[

0
450
[

[
77
165
10
0

Installed Capacity Changes

2 Units

0
350
0
0
124

2 units
2 units

0
287
0
0
500

2 units

0
159
0
0
450

2 Units

0
400
0
[
524
[
0
74
10
16

2 units
2 units

0
287
0
0
500
0
0
78
165
10

2 units

[
159
[
0
450
0
[
74
10
[

2 units
2 units

1 unit
2 Units

0
500
0
0
524

3 units
2 units

0
437
0
0
500

1 unit
2 units

3 units
2 units
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1 unit
2 units

0
500
0
[
524
[
0
73
10
16

3 units
2 units

0
447
0
[
500
0
0
77
165
10
[

1 unit
3 units

2 units
3 units

0
900
0
0
524

3 units
2 units

0
456
0
0
500

2 units
3 units

3 units
2 units

2039

4 units
3 units

0
900
0
0
525
[
0
72
10
17

4 units
2 units

0
456
0
0
500
[
0
74
365
10
0

4 units
3 units

2040

7 units
3 units

435
900
0
[
525
[
0

7 units
2 units

0
606
0
[
500
0
0
73
615
10
0

7 units
3 units

7 units
2 units

7 units
3 units

435
949

7 units
3 units

145
606

7 units
3 units

7 units
3 units

2042

7 units
3 units

435
949
0
[
528

7 units
3 units

145
606
0
[
500

7 units
3 units

7 units
3 units

2043

7 units
3 units

435
949
0
[
528
[
0
73

7 units
3 units

145
656
0
[
500
[
0
72

7 units
3 units

7 units
3 units

7 units
3 units

435
968

7 units
3 units

145
656

7 units
3 units

7 units
3 units

7 units
3 units
435
977
0
[
530

7 units
3 units
145
656
0
[
500

7 units
3 units

7 units
3 units
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2.1A MW/units | | | | \ | \ | \ | \ | \ | \ | \

Generator Vear | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039 | 2040 2042 2043

Existing Coal Retirements [ [ 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units
Gas - New CCs [ [ [ 0 [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 290 580 580 580 580 580 580
Gas - New CTs & Recips [ [ 250 300 350 500 550 600 600 700 700 750 750 800 800 800 850 850 900 950 950 950 950 950 950
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 0 0 0 [ 0 0 0 0 0 0 154 154 154 154 154 154
Biomass [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 0 [ [ 0 0 [
Wind 0 [ [ 0 49 49 149 149 149 649 649 649 649 649 649 649 649 649 649 649 649 649 684 721 721
Solar [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 0 0 [ [ [ [ [ [ [
CAES [ [ 0 [ 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Demand Response [ [ [ [ 5 18 40 64 78 81 80 80 79 78 78 77 77 75 74 73 73 73 72 72 72
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 0 0 0 0
Battery 4hr 0 0 [ 0 33 33 33 33 33 33 33 33 33 33 33 33 33 33 3 33 33 33 56 81 48
2.1B MW/units

Generator Vear | 2021 | 2022 2035 2037

Existing Coal Retirements [ [ [ [ 0 0 [ 0 [ 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 3 Units 3 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units
Gas - New CCs [ 0 [ [ [ 0 [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - New CTs & Recips [ [ [ [ [ 200 200 250 259 459 459 459 509 509 509 559 559 559 609 1,009 1,009 1,058 1,058 1,058 1,058
Gas - Conversion [ 0 [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 154 154 154 154 154 154 154 154 154
Biomass [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 0 0 [ 0 0 [ [ 0 0 0 [
Wind [ [ [ [ 33 33 3 33 3 133 133 133 133 133 283 333 383 433 533 533 533 533 533 533 533
Solar [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 0 0 [ 0 0 0 [ [ [ 0 [
CAES 0 [ [ [ [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [ 0 0
Demand Response 5 18 40 64 78 81 80 80 79 78 78 77 77 75 74 73 73 73 72 72 72 72 73 73 73
Firm Imports [ 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 465 465 565 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 [ 0 [ 10
Battery 4hr [ [ [ [ 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 [
2.1C MW/units

Generator vear | 2021 |

Existing Coal Retirements 0 0 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 2 Units 2 Units 2 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements [ [ [ [ 0 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [ 0 0 0 [ 0 0 0 [ 0 [ 145 145 145 145 145 145
Gas - New CTs & Recips [ [ 50 100 150 300 350 400 400 400 400 450 450 450 500 500 500 500 600 859 909 909 959 959 959
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 0 [ [ [ [ [ 0
Biomass [ 0 [ [ [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wind [ [ [ [ 12 112 112 112 112 362 412 612 612 612 612 612 612 612 612 612 612 612 612 612 612
Solar [ [ [ [ [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAES [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 0 0 [ [ 0 [ [ 0
Demand Response 5 18 40 64 78 81 80 80 79 78 78 77 77 75 74 73 73 73 72 72 72 72 73 73 73
Firm Imports [ 165 165 165 165 165 165 165 165 165 165 165 165 165 165 315 365 415 615 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 0 0 0 0
Battery 4hr 0 0 [ 0 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 0
2.2A MW/units

Generator Vear | 2021 |

Existing Coal Retirements [ [ [ [ 0 0 [ 0 [ 0 0 0 0 0 0 0 2 Units 2 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 0 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units
Gas - New CCs 0 [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 145 145 145 435 870 870 870 870 870 870
Gas - New CTs & Recips [ [ 150 250 350 550 600 700 750 750 750 800 850 900 950 950 950 950 950 1,000 1,000 1,000 1,000 1,000 1,000
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 304 304 304 304 304 304 304 304 304
Biomass [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 [ [ [ [ 0 [ [
Wind [ [ [ 0 90 90 190 190 190 490 640 640 640 640 790 790 790 790 790 790 839 871 920 968 1,010
Solar [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ [ [ [ 0 [ 0
CAES [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 0
Demand Response [ 11 32 63 94 103 102 101 99 97 96 95 94 91 89 87 87 86 86 86 86 86 86 86 86
Battery 1hr 10 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 10 10 10 10 10
Battery 4hr 0 0 [ 0 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 93 114 147 179 147

Installed Capacity Changes
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2.2¢ | | \ | \ | \ | \

Generator | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039 | 2040 2042 2043
Existing Coal Retirements [ [ [ 0 0 [ 0 [ 0 2 units 2 units 2 units 3 Units 3 Units 3 Units 4 Units 4 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units I
Gas - New CCs 0 [ [ [ 0 [ 0 0 0 0 0 0 0 0 0 [ 0 0 290 290 290 290 290 290
Gas - New CTs & Recips [ [ 100 200 400 500 550 600 650 650 650 650 750 800 850 900 950 1,000 1,000 1,000 1,049 1,049 1,098 1,098
Gas - Conversion [ [ [ [ 0 0 0 0 0 0 0 0 0 0 0 150 150 150 304 304 304 304 304 304
Biomass [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 [ [ [ [ [ [ [
Wind [ [ [ 25 25 75 75 75 125 525 575 725 725 725 725 725 725 725 725 725 725 725 725 725
Solar [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 0 [ [ [ [ [ [
CAES 0 0 [ [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Demand Response [ 32 63 94 103 102 101 99 97 96 95 94 91 89 87 87 86 86 86 86 86 86 86 86
Firm Imports [ 165 165 165 165 165 165 165 165 465 515 515 615 615 615 615 615 615 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 [ 0 [ [
Battery 4hr [ [ [ [ 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 [
3.1B MW/units

Generator vear | 2021 |

Existing Coal Retirements 0 0 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements [ [ [ [ [ 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 0 [ [ [ 0 0 [
Gas - New CTs & Recips [ [ 50 100 150 350 400 500 500 650 650 700 700 750 850 850 850 850 850 900 900 900 950 950 950
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 154 154 154 154 154 154 154 154 154 154 154 154 154 154 154 154
Biomass [ [ [ [ [ 0 0 0 [ 0 0 0 [ 0 0 0 0 0 [ 0 0 0 0 0 0
Wind [ [ [ [ 21 21 21 21 421 521 521 521 521 521 521 521 521 521 521 521 521 521 521 521 524
Solar [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60
CAES [ [ [ [ [ 0 [ 0 [ 0 0 0 [ 0 [ 0 [ 0 0 0 [ [ [ 0 [
Demand Response 5 18 40 64 78 81 80 80 79 78 78 77 77 75 74 73 73 73 72 72 72 72 73 73 73
Firm Imports [ 165 165 165 165 165 165 165 565 615 615 615 615 615 615 615 615 615 615 615 615 615 615 615 615
Battery 1hr 10 10 10 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 10 10 10 10 10
Battery 4hr 0 0 [ 0 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 2
3.1C MW/units

Generator Vear | 2021 |

Existing Coal Retirements [ [ 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 2 Units 2 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - New CTs & Recips [ [ 50 100 100 250 250 450 450 650 700 700 750 750 800 809 809 859 859 909 909 909 919 919 919
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 154 154 154 154 154 154 154 154 154 154 154 154 154 154 154 154
Biomass [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 0 0 [ 0 0 0 [ 0 [ 0 [
Wind [ [ [ [ 186 186 286 286 736 786 786 786 786 786 786 786 786 786 786 786 786 799 819 861 877
Solar [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ [ [ [ 0 210 460
CAES [ [ 0 [ [ 0 [ 0 0 0 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0
Demand Response 5 18 40 64 78 81 80 80 79 78 78 77 77 75 74 73 73 73 72 72 72 72 73 73 73
Firm Imports [ 165 165 165 165 165 165 165 515 615 615 615 615 615 615 615 615 615 615 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 0 0 [ 10
Battery 4hr [ [ [ [ 124 124 124 124 124 124 124 124 124 124 124 124 124 124 124 124 124 133 146 174 61
3.2B MW/units

Generator vear | 2021 |

Existing Coal Retirements 0 0 0 0 0 0 0 1 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 [ [ [ [ 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 145 145 290 290 290 290 290 290 290 290 290 290
Gas - New CTs & Recips [ [ [ 100 200 250 250 250 550 850 900 950 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,009 1,009 1,009 1,009 1,009
Gas - Conversion [ [ [ [ [ 0 [ 0 150 304 304 304 304 304 304 304 304 304 304 304 304 304 304 304 304
Biomass [ [ 0 [ [ 0 [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 [ 0 0 0 0
Wind [ [ [ [ 21 21 271 321 471 521 521 521 521 521 521 521 521 521 521 521 534 588 638 686 728
Solar [ [ [ [ [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 180
CAES [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 0 [ [ 0 [ [ 0
Demand Response [ 11 32 63 94 103 102 101 99 97 96 95 94 91 89 87 87 86 86 86 86 86 86 86 86
Firm Imports [ 165 165 165 165 315 365 565 615 615 615 615 615 615 615 615 615 615 615 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Battery 4hr 0 0 [ 0 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 23 59 92 124 138

Installed Capacity Changes
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3.2 MW/units | | \ | \ | \ | \ | \ | \ | \

Generator Vear | 2021 | 2022 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039 | 2040

Existing Coal Retirements [ [ [ [ 0 0 [ 1 Unit 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units
Gas - New CCs [ [ [ 0 [ 0 [ 0 [ 0 0 0 0 0 0 145 145 145 145 145 145 145 145 145 145
Gas - New CTs & Recips [ [ [ 109 109 309 559 659 659 809 859 909 959 959 1,009 1,009 1,009 1,009 1,009 1,009 1,009 1,009 1,009 1,009 1,009
Gas - Conversion [ 0 [ [ 0 0 [ 0 150 304 304 304 304 304 304 304 304 304 304 304 304 304 304 304 304
Biomass [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ [ [ [ [
Wind [ [ [ [ 171 171 221 221 521 821 821 871 871 871 871 871 871 871 916 979 1,004 1,021 1,069 1,117 1,157
Solar [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 0 [ [ [ 10 210 400
CAES [ [ 0 [ 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Demand Response [ 11 32 63 94 103 102 101 99 97 96 95 94 91 89 87 87 86 86 86 86 86 86 86 86
Firm Imports [ 165 165 165 165 165 165 165 565 565 565 565 615 615 615 615 615 615 615 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Battery 4hr [ [ [ [ 114 114 114 114 114 114 114 114 114 114 114 114 114 114 144 186 203 214 246 278 191
2.0A.DSM-1 (Mid DSM) MW/units

Generator | 2021 |

Existing Coal Retirements [ [ 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 2 Units 2 Units 2 Units 2 Units 2 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 2 units 2 units 2 units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units
Gas - New CCs [ 0 [ [ [ 0 [ 0 0 0 [ 0 0 0 0 0 0 0 0 435 435 435 435 435 435
Gas - New CTs & Recips [ [ 200 200 200 250 250 250 350 350 350 350 350 450 500 500 500 550 850 900 900 900 950 950 950
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 0 0
Biomass [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 0 0 0 [ [ 0 [
Wind [ [ 50 51 54 54 54 54 54 204 254 354 404 504 504 504 504 504 504 504 504 504 504 504 504
Solar [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 0 0 [ 0 0 0 0 0 [ [ 0
CAES [ [ [ [ 0 0 [ 0 [ 0 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0
Demand Response [ 11 32 63 94 103 102 101 99 97 96 95 94 91 89 87 87 86 86 86 86 86 86 86 86
Firm Imports [ [ 0 [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 [ 0 0 0 0 0 0
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 20 20 20 20 20 10 10 10 10 10
Battery 4hr [ [ [ 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 [
2.1C.DSM-2 (Mid DSM) MW/units

Generator Vear | 2021

Existing Coal Retirements 0 0 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 3 Units 3 Units 3 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 [ [ 0 2 Units 2 Units 2 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 [ 0 [ 0 145 145 145 145 145 145 145
Gas - New CTs & Recips [ [ 50 100 100 259 309 309 559 559 559 559 559 559 569 569 569 569 569 919 969 969 1,019 1,019 1,028
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 [ [ [ 0 [ [
Biomass [ [ [ 0 0 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wind [ [ [ [ 10 60 110 110 110 560 560 560 560 560 610 610 610 610 610 610 610 610 610 610 610
Solar [ [ 0 [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAES [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 0 0 [ 0 0 0 [ [ [ [ 0
Demand Response [ 11 32 63 94 103 102 101 99 97 96 95 94 91 89 87 87 86 86 86 86 86 86 86 86
Firm Imports [ 165 165 165 165 165 165 165 165 165 215 215 265 265 265 465 465 515 515 615 615 615 615 615 615
Battery 1hr 10 10 10 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 10 10 10 0 0
Battery 4hr 0 0 [ 0 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 0
2.2C.DSM-3 (Mid DSM) MW/units

Generator Vear | 2021 |

Existing Coal Retirements [ [ [ [ 0 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 3 Units 3 Units 4 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units
Gas - New CCs [ [ [ [ [ 0 0 0 0 0 0 0 0 0 0 0 0 0 145 435 435 435 435 435 435
Gas - New CTs & Recips [ [ [ 100 200 200 200 250 350 350 400 450 500 550 600 650 700 750 800 900 950 950 950 1,000 1,000
Gas - Conversion [ [ [ 0 [ 0 [ 0 [ 0 0 0 0 0 0 0 304 304 304 304 304 304 304 304 304
Biomass [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ [ [ 0 [
Wind [ [ [ [ 418 468 618 618 618 618 618 618 718 718 730 730 730 730 730 730 730 730 730 730 730
Solar [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 [ [ 0 0 [ 0 [
CAES [ 0 [ [ 0 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Demand Response [ 11 32 63 94 103 102 101 99 97 96 95 94 91 89 87 87 86 86 86 86 86 86 86 86
Firm Imports [ 165 165 165 165 515 615 615 615 615 615 615 615 615 615 615 615 615 615 615 615 615 615 615 615
Battery 1hr 10 10 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 10 10 0 [ [
Battery 4hr [ [ [ [ 12 12 12 12 12 12 12 12 12 12 20 20 20 20 20 20 20 20 20 20 8

Installed Capacity Changes
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2.0C.DSM-4 (Low DSM) MW/units

Generator Vear | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038
Existing Coal Retirements [ [ 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 2 Units 2 Units 2 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units
Gas - New CCs [ [ [ 0 [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 145 145 145 145 145 145
Gas - New CTs & Recips [ [ 50 50 50 200 200 209 209 209 209 209 209 209 259 409 409 409 509 709 709 759 759 759 759
Gas - Conversion [ 0 [ [ 0 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Biomass [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 0 0 [ 0 [ [ [ [
Wind [ 0 [ [ 59 59 109 109 109 109 309 409 409 509 509 509 509 509 509 509 509 509 509 509 509
Solar [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 [ [ 0 [ [ [
CAES [ [ 0 [ [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Demand Response 3 13 29 47 58 60 60 60 59 59 59 58 58 57 57 56 56 56 55 55 55 55 55 55 55
Firm Imports [ 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 315 315 515 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 [ 0 0 0 0
Battery 4hr [ [ [ [ 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 [
2.0C.DSM-5 (Mid DSM) MW/units

Generator vear | 2021 |

Existing Coal Retirements 0 0 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 3 Units 3 Units 3 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements [ [ [ [ [ 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 3 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 0 [ [ [ 0 0 [
Gas - New CTs & Recips [ [ [ [ [ 100 100 100 100 200 200 200 200 200 209 359 409 409 409 559 609 609 609 659 759
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 [ [ 0 [ [ 0
Biomass [ [ [ [ 0 0 [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wind [ [ 1 1 3 53 53 53 53 353 353 353 353 403 453 503 503 503 503 504 504 504 504 504 504
Solar [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAES [ [ [ [ [ 0 [ 0 [ 0 0 0 [ 0 [ 0 [ 0 0 [ 0 [ 0 0 0
Demand Response [ 11 32 63 94 103 102 101 9 97 96 95 94 91 89 87 87 86 86 86 86 86 86 86 86
Firm Imports [ 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 315 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 0 0 0 0
Battery 4hr 0 0 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 2 2 1
2.0C.DSM-6 (Max DSM) MW/units

Generator Vear | 2021 |

Existing Coal Retirements [ [ 1 Unit 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 3 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - New CTs & Recips [ [ [ 100 100 159 159 159 159 159 159 309 309 309 309 359 359 359 509 509 509 559 559 609 709
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Biomass [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 0 0 [ 0 0 0 [ 0 [ 0 [
Wind [ [ [ [ [ 0 0 0 0 0 0 100 100 250 400 450 450 450 500 500 500 500 500 500 500
Solar [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ [ [ [ 0 [ 0
CAES [ [ 0 [ [ 0 [ 0 0 0 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0
Demand Response [ 11 32 63 94 103 102 101 99 97 96 95 94 91 89 87 87 86 86 86 86 86 86 86 86
Firm Imports [ 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 615 615 615 615 615 615
Battery 1hr 10 10 10 10 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 10 10 10 10 10
Battery 4hr [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ [ [
3.1C.Ds!

Generator

Existing Coal Retirements 0 0 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 [ [ [ [ 2 Units 2 Units 2 Units 2 Units 2 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 [ [ 0 [ [
Gas - New CTs & Recips [ [ 50 50 50 200 250 300 650 650 700 700 750 750 750 750 800 850 850 850 900 900 950 950 950
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 154 154 154 154 154 154 154 154 154 154 154 154 154 154 154 154
Biomass [ [ [ 0 [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 [ [ 0 [ 0
Wind [ [ [ 31 139 139 139 139 739 739 739 739 739 739 739 739 739 739 739 739 739 739 739 739 748
Solar [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 270 550
CAES [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 0 [ [ [ [ 0 [ 0
Demand Response [ 11 32 63 94 103 102 101 9 97 96 95 94 91 89 87 87 86 86 86 86 86 86 86 86
Firm Imports [ 165 165 165 165 165 165 165 165 465 565 565 565 565 615 615 615 615 615 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 10 10 10 10
Battery 4hr 0 0 0 21 93 93 93 93 93 93 93 93 93 93 93 93 93 93 93 93 93 93 93 72 6

Installed Capacity Changes
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2.1C.WIND-1 (Low Wind Cost) MWw/units

Generator vear | 2021 | 2022 | 2023 | 2024 2025 2026 2027 2028 2029 2030 2031 | 2032 2033 | 2034 2035 | 2036 2037 | 2038 2043 2044

Existing Coal Retirements 0 0 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 2Units  2Units  2Units  2Units  2Units  2Units  2Units  2Units  2Units  2Units  2Units  2Units  2Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 145 145 145 145 145 145 145
Gas - New CTs & Recips 0 0 50 100 100 100 100 100 100 150 150 150 150 200 200 200 200 250 400 850 900 900 950 950 950
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wind 0 0 100 101 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 634
Solar 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Demand Response 5 18 40 64 78 81 80 80 79 78 78 77 77 75 74 73 73 73 72 72 72 72 73 73 73
Firm Imports 0 165 165 165 165 365 365 415 265 515 565 565 615 615 615 615 615 615 615 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Battery 4hr 0 0 0 1 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 21 20 2

2.1C.WIND-2 (Low Wind & Batte MW/units

Generator Vear | 2021 |

Existing Coal Retirements [ [ 1 Unit 1 Unit 1 Unit 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 3 Units 3 Units 3 Units 3 Units 3 Units
Gas - New CCs [ [ [ 0 0 0 0 0 [ 0 [ 0 0 0 0 0 0 0 0 145 145 145 145 145 145
Gas - New CTs & Recips [ [ 50 50 50 400 450 450 500 500 500 550 550 569 619 619 619 619 628 828 978 1,028 1,028 1,028 1,028
Gas - Conversion [ [ [ [ [ 0 [ 0 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Biomass [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 [ [ [ [ [ [
Wind [ [ 300 600 676 676 676 676 676 676 676 676 676 676 676 676 676 676 676 676 676 676 676 676 681
Solar [ [ [ [ [ 0 [ 0 [ 0 0 0 [ 0 [ 0 [ 0 0 [ 0 [ 0 0 0
CAES [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 0 0 0 0 0 [ 0 0 0 0 0
Demand Response 5 18 40 64 78 81 80 80 79 78 78 77 77 75 74 73 73 73 72 72 72 72 73 73 73
Firm Imports [ 165 165 165 165 165 165 165 165 165 165 165 165 165 165 215 315 315 515 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 [ [ [ [
Battery 4hr 0 0 0 0 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 3

2.1C.WIND-3 (Low Inertia Const/ MW/units

Generator vear | 2021 | 2022 2029 2031 2033

Existing Coal Retirements 0 0 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 2 Units 2 Units 2 Units 2 Units 2 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 [ [ 0 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 2 units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 0 145 145 145 145 145 145
Gas - New CTs & Recips [ [ 50 100 150 300 350 400 450 450 450 450 450 450 450 450 450 500 650 1,000 1,000 1,019 1,068 1,068 1,068
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 0 0 [ [ [ [
Biomass [ [ [ [ [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [
Wind [ [ [ 50 53 103 103 103 103 103 303 403 453 603 603 603 603 603 603 603 603 603 603 603 603
Solar [ [ [ [ 0 0 0 0 0 0 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0
CAES [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 0 [ 0 0 0 [
Demand Response 5 18 40 64 78 81 80 80 79 78 78 77 77 75 74 73 73 73 72 72 72 72 73 73 73
Firm Imports [ 165 165 165 165 165 165 165 165 165 165 165 165 315 365 365 515 515 615 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 0 0 0 0
Battery 4hr 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0

2.1C.WIND-4 (No Inertia / No Inf Mw/units

Generator Vear | 2021 |

Existing Coal Retirements [ [ 1 Unit 1 Unit 1 Unit 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 3 Units 3 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units
Gas - New CCs [ [ [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - New CTs & Recips [ [ 50 100 200 500 550 550 550 550 600 650 650 650 700 700 700 800 850 850 850 900 900 900 900
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 154 154 154 154 154 154 154 154 154
Biomass [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 0 0 [ 0 [ 0 [ [ [ [ [
Wind [ [ 50 150 300 300 550 550 550 550 650 650 700 700 850 850 900 900 1,000 1,050 1,100 1,100 1,250 1,250 1,250
Solar [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 0 0 [ 0 [ [ [ [ 0
CAES [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Demand Response 5 18 40 64 78 81 80 80 79 78 78 77 77 75 74 73 73 73 72 72 72 72 73 73 73
Firm Imports [ 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
Battery 4hr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Installed Capacity Changes
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2.1C.Mersey MW/units | | | | \ | \
Generator Vear | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 |
Existing Coal Retirements 0 0 0 0 0 0 0 0 3 Units
Existing Gas Retirements 0 0 0 0 0 2 Units 2 Units 2 Units 2 Units
Gas - New CCs 0 0 0 0 0 0 0 0 0
Gas - New CTs & Recips 0 0 0 0 50 250 300 300 300
Gas - Conversion 0 0 0 0 0 0 0 0 0
Biomass [ [ [ [ [ 0 [ 0 [
Wind 0 0 10 10 10 10 60 60 60
Solar 0 0 0 0 0 0 0 0 0
CAES 0 0 0 0 0 0 0 0 0
Demand Response 5 18 40 64 78 81 80 80 79
Firm Imports 0 165 165 165 165 165 165 165 165
Battery 1hr 10 10 10 10 10 10 10 10 10
Battery 4hr 0 0 7 7 7 7 7 7 7

2.1C.Import-1 (Limited Non-Firnm Mw/units

Generator vear | 2021 | |
Existing Coal Retirements 0 0 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit
Existing Gas Retirements [ [ [ [ [ 2 Units 2 Units 2 Units 3 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [
Gas - New CTs & Recips [ [ 50 100 150 200 250 300 400
Gas - Conversion 0 0 Y 0 0 0 0 0 Y
Biomass [ [ [ [ [ 0 [ 0 0
Wind [ [ [ [ 300 300 300 300 300
Solar [ 0 [ [ [ 0 [ 0 [
CAES [ [ [ [ [ 0 [ 0 [
Demand Response 5 18 40 64 78 81 80 80 79
Firm Imports [ 165 165 165 165 265 265 265 265
Battery 1hr 10 10 10 10 10 10 10 10 10
Battery 4hr 0 0 [ 0 0 0 0 0 0

2.0A.Import-2 (No Reliability Tie Mw/units

Generator Vear | 2021 | 2029
Existing Coal Retirements [ [ 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit
Existing Gas Retirements 0 0 0 0 0 2 Units 2 Units 2 Units 3 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [
Gas - New CTs & Recips [ [ 200 200 200 250 250 250 350
Gas - Conversion [ [ [ [ [ 0 [ 0 [
Biomass 0 0 0 0 0 0 Y 0 0
Wind [ [ [ [ 150 150 150 150 250
Solar [ [ [ [ [ 0 [ 0 [
CAES [ [ 0 [ [ 0 [ 0 0
Demand Response 5 18 40 64 78 81 80 80 79
Firm Imports [ [ [ 0 0 0 [ 0 0
Battery 1hr 10 10 10 10 10 10 10 10 10
Battery 4hr [ [ [ [ 100 100 100 100 100

2.1C.Import-3 (Limited Reliabilit Mw/units

Generator vear | 2021 |

Existing Coal Retirements 0 0 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 [ [ [ [ 2 Units 2 Units 2 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 0 0 [ 0 145 145 145 145 145 145 145
Gas - New CTs & Recips [ [ 50 150 150 300 350 400 400 400 400 400 400 409 409 409 409 409 519 1,019 1,019 1,019 1,068 1,068 1,068
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 0 0 [ [ 0 [ 0
Biomass [ [ [ 0 [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 [ [ 0 [ 0
Wind [ [ [ [ 56 106 106 106 106 556 606 606 606 606 606 606 606 606 606 606 606 606 606 606 606
Solar [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 0 0
CAES [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 0 0 0 0 [ [ [ [ [ [ [
Demand Response 5 18 40 64 78 81 80 80 79 78 78 77 77 75 74 73 73 73 72 72 72 72 73 73 73
Firm Imports [ 165 165 165 165 165 165 165 315 415 415 465 465 465 565 565 565 565 615 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 0 0 0 0
Battery 4hr 0 0 0 0 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 0
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Generator vear | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

Existing Coal Retirements 0 0 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 2Units  2Units  2Units  2Units  2Units  2Units  3Units  3Units  3Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 145 145 145 145 145 145
Gas - New CTs & Recips 0 0 50 100 200 400 450 500 550 550 550 550 550 569 569 569 619 619 669 978 997 1,047 1,047 1,056 1,074
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Biomass 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wind 0 0 0 0 153 253 303 303 303 553 553 553 553 603 603 603 603 603 603 603 603 603 603 603 603
Solar 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Demand Response 5 18 40 64 78 81 80 80 79 78 78 77 77 75 74 73 73 73 72 72 72 72 73 73 73
Firm Imports 0 165 165 165 165 165 165 165 165 315 315 315 315 315 365 515 515 515 615 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 0 0 0 0
Battery 4hr 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0

2.1C.CAPEX-2 (Low Sustaining C: MW/units

Generator vear | 2021 | 2028

Existing Coal Retirements 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 Unit 2 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements [ [ [ [ [ 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 0 145 145 145 145 145 145
Gas - New CTs & Recips [ [ [ 0 [ 200 250 250 300 300 300 300 300 300 350 350 550 550 550 900 900 950 950 950 950
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 [ [ 0 [ 0 0
Biomass [ [ [ [ [ 0 [ 0 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Wind [ [ [ [ 15 15 15 15 15 115 315 465 565 615 615 615 615 615 615 615 616 616 616 616 616
Solar [ [ [ 0 0 0 [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CAES [ [ [ [ [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 [ 0 0 [ 0 [ [ [ [
Demand Response 5 18 40 64 78 81 80 80 79 78 78 77 77 75 74 73 73 73 72 72 72 72 73 73 73
Firm Imports [ 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 315 615 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 0 [ 0 0
Battery 4hr 0 0 0 0 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 11 11 11 11 1

2.1C.PRICES-1 (High Import & Gi Mw/units

Generator Vear | 2021 |

Existing Coal Retirements [ [ 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 1 Unit 2 Units 2 Units 4 Units 7 Units 7 Units 7 Units 7 Units 7 Units 7 Units
Existing Gas Retirements 0 0 0 0 0 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 2 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units 3 Units
Gas - New CCs [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 145 145 145 145 145 145
Gas - New CTs & Recips [ [ 50 100 150 309 359 409 409 409 409 409 459 459 509 509 509 509 659 1,009 1,009 1,009 1,058 1,058 1,058
Gas - Conversion [ [ [ [ [ 0 [ 0 [ 0 0 0 0 0 0 0 0 0 [ 0 0 0 0 0 0
Biomass [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 [ 0 [ 0 [ 0 [ 0 0 0 [
Wind [ [ [ [ 53 103 103 103 103 403 403 603 603 603 603 603 603 607 612 612 612 612 612 612 616
Solar [ [ [ [ [ 0 [ 0 [ 0 [ 0 0 0 0 0 [ 10 10 10 10 10 10 70 70
CAES [ [ [ 0 0 0 [ 0 0 0 [ 0 [ 0 0 0 0 0 0 0 0 0 0 0 0
Demand Response 5 18 40 64 78 81 80 80 79 78 78 77 77 75 74 73 73 73 72 72 72 72 73 73 73
Firm Imports [ 165 165 165 165 165 165 165 165 165 165 165 165 165 165 165 465 615 615 615 615 615 615 615 615
Battery 1hr 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 0 [ [ 10
Battery 4hr 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 5 8 8 8 8 8 8 9

Installed Capacity Changes




inal Portfolio Study
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1.0A GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,104 3,794 3,719 3,669 3,368 3,401 3,461 3,568 3,436 3,161 3,072 3,166 3,077 3,109 1,917 2,003 1,942 1,969 1,574 0 0 0 0 0 0
Gas - Existing 684 996 962 983 1,028 1,000 1,000 973 979 983 974 969 957 971 919 908 915 860 875 895 889 888 888 889 886
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,907 1,913 1,938 2,031 2,071 2,111
Gas - New CTs & Recips 0 0 0 0 0 110 79 82 82 88 108 75 116 97 37 56 51 107 344 204 256 295 263 247 277
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 891 893 893 893 916 915 915 915 915 1,011 1,012 1,012 1,011 1,011 1,012 1,012 1,012 1,011 1,012 1,012 1,012 1,012 1,012 1,011 1,012
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 331 353 348 347 343 345 342 339 347 351 351 352 344 347 349 350 350 353 370 360 359 360 360 363 359
Wind 1,903 1,901 2,079 2,078 2,156 2,156 2,155 2,154 2,155 2,323 2,323 2323 2,323 2323 3576 3576 3577 3,582 3589 3,589 3594 3597 3,597 3,602 3,604
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 4 3 4 1 2
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894
Demand Response 0 1 1 2 3 3 3 3 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Non Firm Market 2277 2236 2116 2132 2221 2279 2198 2078 2116 2033 2076 2021 2063 2048 2115 2062 2134 2131 2288 2127 2085 2069 2058 2074 2072
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.5 0.6 1.9 2.1 117 111 11.0 10.7 10.2 10.5 12.8 111 103 111 19.6 19.1 18.1 17.6 20.7 19.2 20.3 19.7 183 173 3.6
Firm Imports 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1.0C GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 3,966 3,713 3,624 3,607 3,546 3,546 3,455 3,517 3,248 1,900 1,864 1,766 1,745 1,759 1,697 1,720 1,709 1,729 1,299 0 0 0 0 0 0
Gas - Existing 790 1,019 1,044 1,037 1,011 1,024 1,054 1,024 1,022 942 953 943 941 939 975 996 1,006 1,005 896 934 855 859 857 862 854
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 600 636 698 765
Gas - New CTs & Recips 0 0 0 0 0 145 155 79 113 79 75 61 64 59 101 93 106 108 29 60 538 96 102 104 96
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 894 890 892 890 913 913 914 914 915 1,011 1,011 1,011 1,010 1,012 1,010 1,011 1,010 1,011 1,000 999 992 1,002 1,002 1,003 1,005
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 337 348 351 352 347 352 347 348 346 355 351 349 348 351 351 356 356 353 356 361 351 351 353 352 355
Wind 1,904 1,899 1,897 1,898 1,897 1,896 1,897 1,897 2,063 3,340 3,337 3,459 3,459 3,466 3,469 3,464 3,466 3,478 3,471 3,479 3,475 3,474 3,475 3,486 3,487
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 0 1 1 0 0 0 0 0 1 2 2 1 0 3 2 3 3 1 0 0 0 0 0 0
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 894 894 894 894 894 893 894 894 894 894 893 894 894 893
Demand Response 0 0 0 0 0 1 1 2 3 3 3 3 3 2 2 3 3 3 3 2 2 2 3 3 2
Non Firm Market 2,299 1,346 1,321 1,317 1,308 1,318 1,316 1,320 1,309 1,318 1,318 1,324 1,321 1,319 1,315 1,327 1,328 1,331 1,491 1,717 1,605 1,557 1,566 1,548 1,535
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.5 0.6 0.5 0.5 0.4 1.0 0.9 0.9 1.8 4.0 36 43 4.1 4.1 4.1 4.1 4.1 4.5 4.1 34 0.0 0.0 0.0 0.0 0.0
Firm Imports 0 950 968 977 979 981 984 980 984 975 975 974 974 973 973 968 966 963 1,479 2,514 2,264 2,190 2,190 2,172 2,197
2.0A GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,022 3,784 3,788 3,643 3,427 3,588 3,485 3,562 3,506 3,060 3,013 2,419 2,235 2,068 2,054 2,052 1,981 2,006 1,573 0 0 0 0 0 0
Gas - Existing 737 993 978 977 1,047 981 979 978 981 994 994 926 920 902 916 926 854 854 884 894 875 872 870 879 861
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,937 1,987 2,031 2,088 2,094 2,126
Gas - New CTs & Recips 0 0 44 42 55 149 137 128 126 166 170 39 40 36 38 57 115 116 378 239 274 284 293 282 285
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 892 892 892 892 915 912 914 915 914 1,007 1,008 1,008 1,009 1,008 1,009 1,012 1,010 1,009 1,011 1,011 1,010 1,010 1,011 1,013 1,013
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 337 352 346 345 342 343 348 339 342 352 355 350 347 348 353 353 354 351 372 360 356 360 360 359 359
Wind 1,902 1,902 1,904 2,073 2,074 2,073 2,073 2,073 2,074 2,242 2,241 2,913 3,071 3,363 3,367 3,366 3,496 3,508 3,510 3,511 3,473 3,480 3,477 3,514 3,517
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 2 2 3 4 6 1 2
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894
Demand Response 0 1 1 2 3 3 3 3 2 3 3 3 3 2 3 3 3 3 3 2 2 3 2 3 3
Non Firm Market 2,300 2,246 2,149 2,110 2,146 2,134 2,187 2,088 2,062 2,103 2,108 2,236 2,243 2,154 2,161 2,173 2,142 2,141 2,296 2,114 2,106 2,092 2,080 2,087 2,132
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.49 0.56 0.45 1.30 1.27 1.32 1.43 117 112 1.44 1.55 1.51 1.83 261 237 221 2.39 222 2.56 291 0.00 0.00 0.00 0.00 0.00
Firm Imports 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Annual Energy Balance
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2.0C GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,004 3,713 3,597 3,615 3,418 3,563 3,621 3,556 3,493 2,024 2,003 1,871 1,848 1,854 1,778 1,726 1,552 1,542 1,275 0 0 0 0 0 0
Gas - Existing 774 1,020 1,057 1,020 1,116 1,131 1,021 1,036 1,037 974 970 978 977 975 1,017 990 906 905 895 931 860 854 851 858 851
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 575 612 694 711
Gas - New CTs & Recips 0 0 4 4 8 14 11 13 10 55 53 54 45 50 91 90 24 25 16 84 608 145 127 118 146
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 893 893 892 893 914 915 915 915 914 1,010 1,011 1,011 1,010 1,011 1,010 1,011 1,006 1,000 997 1,001 1,000 1,010 1,008 1,006 1,000
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 331 347 352 354 348 350 349 354 348 355 354 353 352 353 361 356 348 346 359 362 354 353 353 355 350
Wind 1,902 1,899 1,898 1,900 1,900 1,897 1,898 1,899 1,896 3,203 3,195 3,326 3,329 3,333 3,339 3,467 3,457 3,463 3,469 3,478 3,456 3,436 3,434 3,443 3,443
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 0 1 1 0 6 5 6 4 4 3 2 2 2 3 5 1 1 0 1 0 4 5 4 5
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 894 893 893 894 894 894 894 894 894 893 893 893 894 894
Demand Response 0 1 1 2 3 3 3 2 3 2 2 3 3 2 2 3 3 3 3 2 2 2 3 2 2
Non Firm Market 2,286 1,343 1,323 1,314 1,319 1,323 1,318 1,318 1,317 1,321 1,323 1,317 1,326 1,327 1,323 1,323 1,457 1,481 1,445 1,760 1,637 1,610 1,569 1,539 1,575
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0 1 1 0 1 1 1 1 1 3 3 3 3 3 3 3 3 3 3 3 0 0 0 0 0
Firm Imports 0 950 973 979 979 977 982 982 982 974 975 977 973 972 972 969 1,201 1,218 1,565 2,446 2,166 2,143 2,222 2,208 2,212
2.1A GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,026 3,733 3,707 3,772 3,473 3,488 3,470 3452 3,38 1939 1946 1911 1,920 195 1811 1,820 1,832 1,805 1464 0 0 0 0 0 0
Gas - Existing 755 1,034 999 974 1,029 1,060 982 993 981 921 929 938 943 942 1,002 1,046 1,058 1,077 936 966 949 956 937 894 402
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 884 2,412 2,440 2,543 2,562 2,551 2,917
Gas - New CTs & Recips 0 0 126 109 126 256 123 150 189 105 104 120 106 125 199 252 285 365 108 202 273 270 260 243 117
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 29 25 26 16 0
Domestic Hydro 893 891 892 891 914 915 915 915 915 1,010 1,012 1,012 1,011 1,011 1,011 1,012 1,012 1,011 1,012 1,010 1,009 1,009 1,013 1,016 1,095
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 335 355 347 350 349 376 341 345 345 350 348 344 346 350 396 393 398 402 362 361 360 360 360 362 414
Wind 1,903 1,902 1,903 1,904 2,072 2,072 2,413 2,412 2,411 3,922 3,923 3,921 3,929 3,934 3,942 3,947 3,952 3,961 3,965 3,971 3,968 3,967 4,070 4,179 4,181
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 0 0 0 0 0 0 1 1 1 2 1 1 1 1 1 2 1 0 2 2 2 1 0
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894
Demand Response 0 0 0 0 0 1 1 2 3 3 3 3 3 2 3 3 3 3 3 3 3 3 3 3 3
Non Firm Market 2,289 2,278 2,200 2,220 2,270 2,300 2,232 2,227 2,244 2,193 2,194 2,259 2,275 2,272 2,298 2,285 2,284 2,283 2,262 2,146 2,105 2,084 2,071 2,119 2,282
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.45 0.48 0.85 0.73 22.81 20.56 23.93 23.52 22.80 42.84 44.64 43.59 44.65 42.61 44.07 41.08 40.74 40.17 41.57 39.02 35.41 35.50 57.80 92.32 58.48
Firm Imports 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2.1B

Generator 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 3,988 3,701 3,718 3,665 3,369 3,522 3,440 3,226 3,140 2,435 2,432 2,448 2,409 2,441 1,799 1,726 1,355 1,322 1,004 0 0 0 0 0 0
Gas - Existing 743 985 930 965 1,045 1,018 986 1,009 970 1,056 1,051 1,058 1,051 1,039 931 924 846 836 838 857 844 845 850 851 855
Gas - New CCs 0 0

Gas - New CTs & Recips 0 0 0 0 0 0 0 64 62 406 378 341 386 368 112 109 24 20 26 106 156 140 152 140 115
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 2 2 44 55 56 51 47 58
Domestic Hydro 894 893 893 893 915 915 915 914 914 1,006 1,006 1,006 1,007 1,004 1,011 1,011 1,011 1,006 1,005 1,007 1,011 1,011 1,010 1,010 1,008
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 335 355 352 348 346 344 349 340 340 355 357 351 352 354 345 350 339 339 343 351 351 351 353 354 354
Wind 1,904 1,900 1,898 1,901 2,010 2,006 2,003 2,004 1,996 2,270 2,263 2,264 2,257 2,257 2,817 2,963 3,089 3,228 3,461 3,469 3,458 3,466 3,469 3,475 3,475
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 1 1 0 1 2 3 8 3 1 1 1 1 0 1 1 1 0 0 0 0 3 2 3 3 0
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 893 893 893 894 893 893 894 894 893 894 893 894 893 893 893 894 893
Demand Response 0 1 1 2 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 2 3 3 3 2
Non Firm Market 2,294 1,338 1,314 1,315 1,325 1,320 1,321 1,317 1,220 858 848 857 825 836 1,294 1,282 1,305 1,275 1,227 1,509 1,487 1,543 1,562 1,577 1,617
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.63 0.65 0.45 0.63 12.83 19.17 20.16 21.31 23.12 24.38 26.46 25.09 24.07 26.18 26.88 26.28 26.68 27.07 29.81 29.14 25.53 25.95 26.11 25.88 4.30
Firm Imports 0 951 973 977 975 980 976 978 981 979 978 977 978 975 975 973 1,385 1,386 1,566 2,185 2,185 2,186 2,196 2,221 2,244

Annual Energy Balance
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2.1C GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,060 3,758 3,645 3,671 3,518 3,318 3,290 3,341 3,386 2,579 2,431 2,004 2,013 2,052 2,032 1,746 1,743 1,738 1,082 0 0 0 0 0 0
Gas - Existing 717 1,005 1,044 1,025 1,076 1,080 1,101 1,078 1,041 978 975 954 949 959 986 905 888 882 910 918 924 916 925 946 912
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 864 869 913 977 1,023 1,030
Gas - New CTs & Recips 0 0 42 83 124 228 236 230 213 95 113 123 124 126 177 43 37 21 36 121 188 196 187 205 210
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 893 891 893 893 914 915 915 915 915 1,011 1,011 1,011 1,011 1,011 1,011 1,006 1,007 1,004 1,003 1,006 1,006 1,010 1,011 1,008 1,009
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 335 348 354 354 352 347 353 352 348 361 359 349 355 356 360 352 353 353 361 354 355 354 354 357 360
Wind 1,903 1,898 1,899 1,899 1,941 2,272 2,273 2,272 2,270 3,105 3,253 3,766 3,779 3,786 3,794 3,783 3,794 3,809 3,817 3,823 3,816 3,827 3,829 3,838 3,787
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 0 0 0 0 0 0 0 2 3 2 1 2 2 1 1 1 1 0 2 2 3 2 2
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 893 894 894 894 894 894 894 894 894 894 894 893 893 894 894 894 894 894 893
Demand Response 0 1 1 2 3 3 3 3 3 3 3 3 3 2 2 3 3 3 3 2 2 3 3 2 2
Non Firm Market 2,292 1,346 1,324 1,321 1,324 1,324 1,324 1,319 1,307 1,324 1,323 1,312 1,321 1,320 1,317 1,501 1,474 1,451 1,477 1,627 1,622 1,638 1,646 1,648 1,705
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.52 0.62 0.45 0.63 5.65 8.05 8.25 7.62 8.29 9.07 10.33 12.98 13.37 13.35 12.91 10.79 10.54 10.17 9.45 11.02 6.92 7.04 7.14 7.18 0.00
Firm Imports 0 948 972 976 973 976 975 978 980 974 974 974 966 967 970 1,408 1,515 1,635 2,295 2,356 2,341 2,350 2,353 2,326 2,421
2.2A GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,005 3,805 3,875 3,888 3,448 3,547 3,391 3,238 3,458 2466 2,224 2236 2,261 2,342 2072 2,145 1,730 1,730 1,359 0 0 0 0 0 0
Gas - Existing 779 1,013 972 997 1,052 1,033 989 979 1,006 930 920 940 921 940 948 980 1,019 1,033 904 937 912 927 926 684 325
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,510 2,893 2,876 2,918 2,997 3,021 3,087
Gas - New CTs & Recips 0 0 0 0 38 189 116 164 165 94 91 115 131 131 182 197 645 710 123 135 154 161 144 122 62
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 48 44 17 21 23 21 25 8 0
Domestic Hydro 892 891 893 892 914 915 914 915 915 1,011 1,012 1,011 1,011 1,011 1,008 1,012 1,012 1,031 1,010 1,008 1,012 1,012 1,013 1,039 1,186
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 336 353 350 350 349 357 342 346 344 353 349 347 348 352 361 363 362 376 350 361 359 359 358 369 416
Wind 1,903 1,904 1,904 1,902 2,210 2,210 2,549 2,549 2,549 3,517 3,916 3,919 3,925 3,940 4,300 4,316 4,327 4,351 4,359 4,370 4,508 4,602 4,748 4,861 4,975
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 2 2 1 1 0 0 0 1 0 1 0 0 1 1 3 1 1 1 1 1 1 1 1
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894
Demand Response 0 0 1 2 3 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 10
Non Firm Market 2,296 2,288 2,210 2,226 2,293 2,300 2,277 2,278 2,187 2,262 2,186 2,222 2,281 2,287 2,271 2,294 2,293 2,299 2,105 2,149 2,145 2,129 2,051 2,259 2,315
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.56 3.04 2.82 3.20 44.03 40.07 47.13 46.69 48.02 63.98 82.04 79.05 79.53 78.70 93.34 88.78 86.92 87.72 87.14 78.84 111.94 133.53 175.97 213.05 188.66
Firm Imports 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2.2C GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,050 3,794 3,729 3,802 3,609 3,571 3,434 3,480 3,511 2,954 1,797 1,798 1,640 1,474 1,518 1,595 1,404 1,359 1,421 0 0 0 0 0 0
Gas - Existing 747 1,030 1,035 1,023 1,094 1,137 1,128 1,097 1,069 1,127 876 867 855 875 877 884 912 915 910 908 933 922 918 910 838
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,230 1,304 1,370 1,420 1,483 1,479
Gas - New CTs & Recips 0 0 0 0 34 259 282 301 303 612 36 28 27 26 31 36 54 66 70 164 243 217 220 201 188
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 14 6 40 35 33 38 36 19
Domestic Hydro 892 887 892 892 914 915 915 914 915 1,010 1,008 1,004 1,002 1,005 996 1,003 1,008 1,006 1,008 1,009 1,010 1,010 1,010 1,010 1,012
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 337 347 348 351 351 368 350 354 361 363 349 348 343 348 350 351 357 358 361 354 355 355 352 353 360
Wind 1,903 1,899 1,900 1,896 1,985 1,984 2,151 2,152 2,149 2,306 3,556 3,690 4,025 4,048 4,057 4,080 4,099 4,120 4,139 4,144 4,140 4,152 4,150 4,166 4,172
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 1 2 1 1 0 0 0 1 1 0 1 1 1 1 1 1 1 1 5 4 5 4 4
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 893 893 894 893 894 893 894 894 894 894 894 894 894 894 894 894
Demand Response 0 0 1 2 3 4 4 4 3 3 3 3 3 3 3 3 3 2 3 3 3 3 3 3 3
Non Firm Market 2,282 1,348 1,346 1,325 1,328 1,324 1,327 1,325 1,326 1,266 1,407 1,379 1,348 1,359 1,378 1,391 1,463 1,484 1,513 1,687 1,663 1,707 1,744 1,769 1,875
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.35 0.58 0.48 0.53 11.57 12.91 14.37 15.21 16.21 17.54 21.64 21.20 25.60 24.37 23.14 22.53 21.74 20.82 21.04 22.56 18.26 20.10 20.06 18.91 0.00
Firm Imports 0 950 954 968 972 975 973 974 973 977 1,645 1,657 1,614 1,848 1,911 1,941 2,105 2,237 2,285 2,317 2,266 2,312 2,342 2,371 2,455
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3.1B GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 3,956 3,706 3,602 3,538 3,291 3,251 3,275 3,179 1,140 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - Existing 745 961 994 1,003 1,064 1,051 994 978 880 902 898 909 905 911 904 899 901 901 912 895 909 858 853 667 418
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - New CTs & Recips 0 0 0 43 70 234 170 137 19 63 64 68 66 66 69 74 73 78 73 84 99 90 91 87 78
Gas - Conversion 0 0 0 0 0 0 0 0 0 15 12 21 19 18 16 21 33 29 27 39 30 22 23 2 2
Domestic Hydro 892 888 892 893 915 915 914 912 901 1,000 1,000 1,007 995 1,002 999 1,003 1,003 1,001 997 1,005 1,009 1,008 1,009 1,011 1,038
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 331 344 353 354 348 348 342 343 346 350 350 348 344 346 347 350 352 350 353 351 351 357 356 365 408
Wind 1,903 1,900 1,900 1,899 1,970 1,964 1,964 1,962 3,212 3,421 3,408 3,402 3,403 3,401 3,399 3,400 3,404 3,421 3,425 3,430 3,420 3,423 3,422 3,448 3,446
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 92
Diesel CTs 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 893 894 893 893 893 894 893 893 893 894 893 893 893 894 893
Demand Response 0 1 1 2 3 3 3 3 3 3 3 3 3 3 2 2 2 2 2 3 2 3 3 3 2
Non Firm Market 2,299 1,344 1,328 1,323 1,310 1,323 1,311 1,313 1,361 1,426 1,408 1,401 1,376 1,377 1,386 1,413 1,408 1,434 1,468 1,481 1,483 1,573 1,582 1,750 1,832
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.51 0.60 0.49 2.55 11.58 14.19 16.77 15.43 19.69 21.20 21.92 20.96 21.92 22.09 22.68 21.22 21.16 21.89 21.99 22.87 18.64 20.92 19.82 24.61 10.44
Firm Imports 0 949 970 975 979 974 974 978 1,715 2,139 2,122 2,097 2,108 2,103 2,117 2,130 2,137 2,149 2,167 2,194 2,198 2,213 2,251 2,292 2,352
3.1C GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 3998 3,758 3,711 3,729 3,061 3,207 2979 3,040 1,108 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - Existing 776 999 1,016 1,008 1,078 1,035 994 856 846 855 861 869 862 855 862 871 872 880 881 874 855 826 727 581 363
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - New CTs & Recips 0 0 0 46 33 164 136 240 16 86 85 90 89 101 106 114 106 120 130 136 170 151 105 82 91
Gas - Conversion 0 0 0 0 0 0 0 0 0 33 32 30 29 36 36 26 46 35 30 36 23 18 4 5 6
Domestic Hydro 891 892 893 892 915 915 915 915 915 1,011 1,012 1,012 1,012 1,012 1,011 1,011 1,012 1,012 1,011 1,012 1,013 1,014 1,020 1,025 1,097
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 332 350 357 356 348 351 342 345 349 352 356 354 354 355 354 358 363 359 370 363 361 372 401 405 413
Wind 1,903 1,899 1,899 1,897 2,530 2,530 2,846 2,849 4,116 4,216 4,219 4,222 4,230 4,237 4,242 4,253 4,264 4,276 4,285 4,293 4,284 4,329 4,394 4,502 4,441
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 314 676
Diesel CTs 0 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 893 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 893
Demand Response 0 1 1 2 3 3 3 2 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3
Non Firm Market 2,300 1,348 1,329 1,315 1,322 1,317 1,317 1,304 1,412 1,628 1,630 1,649 1,645 1,652 1,677 1,711 1,732 1,743 1,757 1,790 1,818 1,853 1,943 1,906 1,921
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.51 0.62 0.60 0.66 66.83 65.00 87.49 90.97 137.82 150.90 154.37 151.71 150.40 144.41 146.96 144.89 142.69 138.71 139.27 143.19 144.95 160.84 192.01 225.23 108.95
Firm Imports 0 949 968 978 978 983 982 980 1,752 2,303 2,305 2,324 2,354 2,387 2,414 2,454 2,470 2,522 2,571 2,618 2,642 2,682 2,734 2,592 2,449
3.2B GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 3,975 3,698 3,658 3,582 3,367 2,525 2,023 1,748 1,192 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - Existing 752 1,024 982 990 1,029 918 881 866 869 912 909 919 918 914 910 894 900 905 898 904 849 730 610 431 233
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 170 178 267 399 423 454 420 440 420 277 252 250
Gas - New CTs & Recips 0 0 0 59 105 20 12 10 10 91 105 109 103 84 87 69 70 72 70 82 88 71 61 39 36
Gas - Conversion 0 0 0 0 0 0 0 0 37 91 85 78 84 53 59 41 53 57 54 57 48 23 2 3 0
Domestic Hydro 893 890 893 892 912 911 914 909 911 1,004 1,008 1,005 1,003 1,008 1,006 1,008 1,004 1,002 1,003 1,007 1,007 1,014 1,024 1,041 1,079
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 335 351 345 350 343 349 348 349 344 351 354 350 349 350 350 351 354 351 358 351 353 361 371 411 410
Wind 1,903 1,896 1,898 1,898 1,968 1,972 2,805 2,933 3,319 3,413 3,405 3,408 3,412 3,412 3,425 3,433 3,434 3,452 3,455 3,480 3,525 3,683 3,836 3,980 4,079
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 268
Diesel CTs 0 1 2 1 1 2 1 1 1 1 1 1 2 1 0 0 1 1 1 1 0 1 1 0 0
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 893 893 894 893 893 893 894 893 893 893 894 894 894 894 894 894
Demand Response 0 0 1 2 3 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Non Firm Market 2,279 1,343 1,328 1,323 1,313 1,802 1,531 1,390 1,325 1,457 1,449 1,487 1,474 1,484 1,535 1,585 1,567 1,609 1,645 1,716 1,769 1,822 1,926 1,968 1,961
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.46 0.67 0.59 0.83 11.82 7.05 12.65 14.36 19.19 19.06 19.54 18.90 19.62 18.38 20.11 18.20 18.04 17.86 17.34 19.29 32.03 81.12 130.53 178.65 198.62
Firm Imports 0 950 966 970 972 1,630 1,521 1,707 1,710 2,178 2,173 2,168 2,202 2,144 2,154 2,175 2,130 2,154 2,211 2,238 2,246 2,306 2,421 2,473 2,347
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3.2C GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,022 3,819 3,720 3,737 3,157 3,360 3,320 3,310 1,271 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - Existing 776 999 1,060 1,023 1,078 1,027 963 957 892 942 953 935 937 941 953 924 932 935 884 873 821 663 457 344 139
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 379 440 484 518 500 510 368 275 227 227
Gas - New CTs & Recips 0 0 0 55 45 139 113 170 33 111 115 118 107 122 128 94 94 100 94 84 97 63 60 51 62
Gas - Conversion 0 0 0 0 0 0 0 0 2 58 64 82 56 65 69 30 56 46 33 34 10 2 4 0 2
Domestic Hydro 892 893 892 891 915 916 915 915 915 1,012 1,011 1,012 1,012 1,012 1,011 1,012 1,012 1,011 1,020 1,017 1,019 1,026 1,061 1,084 1,180
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 334 346 345 355 351 352 348 346 359 354 360 353 354 355 354 358 364 359 363 364 366 385 410 414 417
Wind 1,903 1,900 1,897 1,899 2,479 2,479 2,638 2,641 3592 4279 4283 4378 4,398 4414 4431 4458 4475 4,498 4638 4781 4839 4912 5055 5176 5211
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 19 315 592
Diesel CTs 0 1 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 893 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894
Demand Response 0 0 1 2 3 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 3
Non Firm Market 2,284 1,347 1,329 1,326 1,330 1,320 1,321 1,326 1,496 1,685 1,703 1,703 1,668 1,701 1,742 1,761 1,768 1,800 1,835 1,856 1,904 2,041 2,131 2,090 2,110
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.49 0.54 0.48 0.70 71.72 74.19 81.93 91.74 105.65 155.75 158.39 158.46 156.75 152.58 154.45 152.87 150.09 147.24 199.85 246.97 259.94 296.09 353.05 395.75 321.34
Firm Imports 0 950 962 970 969 980 979 972 2,089 2,224 2,236 2,241 2,371 2,421 2,478 2,316 2,323 2,374 2,380 2,407 2,442 2,670 2,784 2,653 2,467
2.0A.DSM-1 (Mid DSM) GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,007 3,774 3,469 3,400 3,219 3,356 3,365 3,103 3,120 2,440 2,243 2,144 2,005 1,839 1,745 1,738 1,757 1,749 1,385 0 0 0 0 0 0
Gas - Existing 767 989 976 982 990 996 971 1,017 881 863 871 862 847 839 849 854 862 864 883 900 880 885 886 875 872
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,678 1,695 1,766 1,841 1,903 1,993
Gas - New CTs & Recips 0 0 117 69 125 142 112 50 75 65 62 46 45 56 77 79 87 89 261 175 194 198 207 216 224
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 893 884 891 890 914 915 915 915 914 1,006 1,008 1,008 1,007 1,011 1,006 1,009 1,009 1,009 1,011 1,004 1,008 1,012 1,012 1,010 1,012
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 333 353 349 344 338 343 338 364 363 357 352 345 343 346 352 350 350 349 359 359 360 362 360 362 359
Wind 1,903 1,903 2,073 2,078 2,088 2,088 2,088 2,089 2,090 2,599 2,762 3,072 3,220 3,483 3,477 3,490 3,494 3,495 3,505 3,506 3,497 3,502 3,504 3,506 3,504
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 0 0 0 0 0 0 1 1 0 0 0 1 0 1 0 0 0 2 3 4 5 3 1 1
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894
Demand Response 0 0 1 2 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Non Firm Market 2,287 2262 2,175 2223 2,192 2,161 2,121 2,292 22284 2,295 2279 2087 2,067 1969 2,054 2,081 2061 2,100 2295 2,122 2,132 2,097 2,071 2,063 2,040
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.51 0.42 1.27 223 331 291 3.19 1.48 1.87 2.85 3.28 4.15 4.55 5.49 5.97 8.90 8.76 8.70 9.04 9.60 5.43 5.40 5.00 3.86 233
Firm Imports 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2.1C.DSM-2 (Mid DSM) GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,044 3,696 3618 3,552 3372 3,341 3264 3,287 3,334 1818 1676 1662 1601 1,634 1594 1,489 1538 1504 1,136 0 0 0 0 0 0
Gas - Existing 731 1,058 1,023 1,040 1,089 1,052 1,000 1,021 868 853 844 852 834 836 840 840 839 846 838 853 850 853 860 860 850
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 705 728 804 861 955 984
Gas - New CTs & Recips 0 0 53 95 122 233 171 107 220 173 51 53 46 57 55 23 31 22 354 125 163 159 168 172 202
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 892 892 892 893 914 915 913 914 915 1,011 1,004 1,008 1,001 1,002 1,002 1,000 1,002 1,004 983 1,002 1,005 1,006 1,008 1,005 1,011
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 335 351 351 354 361 346 345 344 343 352 347 343 346 348 346 347 348 351 341 353 356 355 352 354 357
Wind 1,903 1,900 1,899 1,901 1,933 2,099 2,262 2,267 2,259 3,634 3,617 3,618 3,620 3,626 3,755 3,749 3,754 3,777 3,783 3,799 3,801 3,803 3,808 3,816 3,819
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 1 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 893 894 894 894 894 894 894 894 893 894 894 894 894 894 894 894 893
Demand Response 0 0 1 2 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 2
Non Firm Market 2,295 1,349 1,323 1,319 1,322 1,325 1,322 1,317 1,272 1,322 1,494 1,522 1,501 1,511 1,484 1,396 1,399 1,399 1,449 1,598 1,607 1,625 1,615 1,596 1,617
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.48 0.57 0.54 2.40 7.35 8.48 10.52 9.66 12.08 17.81 15.98 15.90 15.01 14.88 16.82 15.77 14.76 14.67 15.58 14.77 10.76 10.22 10.44 6.28 0.00
Firm Imports 0 948 967 974 974 974 977 979 975 971 1,100 1,111 1,238 1,231 1,236 1,565 1,568 1,663 1,778 2,317 2,303 2,296 2,314 2,301 2,314
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2.2C.DSM-3 (Mid DSM) GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 3,992 3,801 3,820 3,792 2,634 1,931 1,678 1,761 1,809 1,742 1,795 1,811 1,695 1,743 1,734 1,750 1,390 1,401 1,181 0 0 0 0 0 0
Gas - Existing 788 1,009 1,005 1,044 959 868 863 865 850 859 870 880 848 872 877 888 908 938 882 902 901 891 908 891 729
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 953 1,420 1,505 1,585 1,691 1,755 1,653
Gas - New CTs & Recips 0 0 0 101 32 10 6 9 13 12 16 22 21 33 31 38 52 57 91 136 122 146 193 211 151
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 16 5 25 27 38 31 28 4
Domestic Hydro 894 893 892 892 914 909 907 906 909 991 999 1,003 998 1,000 999 1,007 1,004 1,008 1,004 1,005 1,008 1,009 1,010 1,009 1,016
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 336 354 355 354 350 338 340 341 343 347 346 347 345 348 347 353 352 357 352 351 354 355 351 355 364
Wind 1,903 1,901 1,899 1,899 3,265 3,403 3,800 3,790 3,796 3,805 3,800 3,815 4,052 4,053 4,107 4,124 4,132 4,157 4,166 4,173 4,172 4,171 4,166 4,182 4,202
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 1 1 2 1 1 2 1 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1 4 4 6
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 893 893 893 894 894 894 894 894 894 893 894 894 894 894 894 894 894
Demand Response 0 0 1 2 3 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Non Firm Market 2,299 1,347 1344 1329 1347 1455 1387 1384 1371 1370 1365 1361 1,367 1370 1,385 1,395 149 1,523 1372 1,724 1721 1,729 1,710 1,741 1,933
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.56 0.69 231 2.56 17.19 14.81 20.35 20.25 21.13 21.14 20.91 19.51 23.61 22.21 30.57 29.59 26.61 27.26 31.07 29.99 24.78 25.14 21.03 20.10 8.41
Firm Imports 0 950 954 966 949 1,818 1,804 1,790 1,771 1,748 1,741 1,786 1,775 1,804 1,877 1,965 2,290 2,330 1,929 2,337 2,363 2,370 2,343 2,331 2,549
2.0C.DSM-4 (Low DSM) GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,017 3,735 3,663 3,680 3,443 3,383 3,342 3397 3,325 3056 2,603 2333 2304 2,133 2,068 2,09 1,740 1,721 1,282 0 0 0 0 0 0
Gas - Existing 766 996 1,035 1,047 1,044 1,169 1,053 1,017 1,041 1,087 986 979 991 955 1,004 1,006 847 851 865 864 847 861 858 867 850
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 920 917 950 960 1,023 1,034
Gas - New CTs & Recips 0 0 0 0 0 146 136 112 142 226 74 82 85 67 104 131 46 36 32 115 141 150 184 159 169
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 892 892 893 893 915 914 915 915 913 1,010 1,011 1,011 1,012 1,012 1,012 1,012 1,005 1,002 1,004 1,005 1,004 1,006 1,008 1,008 1,009
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 333 351 356 353 348 353 345 349 347 361 364 360 361 355 357 362 356 355 359 355 353 351 355 355 355
Wind 1,903 1,897 1,898 1,901 2,096 2,095 2,262 2,266 2,262 2,258 2,938 3,245 3,250 3,519 3,531 3,530 3,526 3,531 3,536 3,542 3,534 3,532 3,531 3,538 3,493
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 1 1 0 1 0 0 0 1 2 2 3 2 3 1 0 0 0 0 4 4 3 3 3
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 894 894 894 894 894 893 894 894 894 894 894 893 894 893
Demand Response 0 0 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1
Non Firm Market 2,278 1,343 1,326 1,315 1,315 1,323 1,321 1,320 1,308 1,293 1,317 1,321 1,329 1,329 1,325 1,326 1,523 1,553 1,490 1,546 1,551 1,557 1,564 1,562 1,600
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.49 0.53 0.52 0.42 4.15 5.26 5.75 5.47 5.40 6.92 5.63 7.38 7.82 9.39 9.29 9.22 7.13 7.25 6.83 7.65 4.54 4.39 4.33 4.41 0.00
Firm Imports 0 951 970 980 978 976 976 979 977 980 976 973 971 969 974 973 1,416 1,452 1,976 2,243 2,255 2,238 2,236 2,226 2,285
2.0C.DSM-5 (Mid DSM) GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 3,952 3,773 3,608 3,560 3,385 3,335 3,233 3,137 3,089 1,916 1,854 1,876 1,823 1,736 1,568 1,488 1,498 1,518 1,277 0 0 0 0 0 0
Gas - Existing 822 981 1,014 1,003 1,046 973 985 988 976 957 954 947 958 930 949 928 937 933 880 912 924 942 948 969 861
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - New CTs & Recips 0 0 0 0 0 90 92 116 86 68 77 59 56 53 89 125 132 129 36 65 111 100 114 110 144
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 59 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 894 893 892 892 915 915 915 915 915 1,011 1,011 59 1,012 1,011 1,011 1,011 1,012 1,011 1,011 1,011 1,011 1,011 1,012 1,011 1,012
Tidal 0 0 26 26 26 26 26 26 26 26 26 59 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 339 354 356 356 345 347 339 342 345 352 354 59 355 351 349 350 346 350 347 362 358 358 359 363 363
Wind 1,904 1,900 1,906 1,904 1,909 2,075 2,073 2,074 2,070 3,053 3,053 59 3,053 3,188 3,330 3,455 3,452 3,461 3,458 3,474 3,458 3,466 3,465 3,470 3,470
Solar 4 4 4 4 4 4 4 4 4 4 4 59 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 1 1 1 0 0 0 0 1 1 59 1 1 2 1 1 0 0 0 3 3 2 3 3
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 59 894 894 894 894 893 894 894 894 894 893 893 894 894
Demand Response 0 0 1 2 3 4 4 3 3 3 3 59 3 2 3 3 3 3 3 3 3 3 3 3 3
Non Firm Market 2,300 1,338 1,329 1,318 1,314 1,310 1,312 1,301 1,289 1,313 1,318 59 1,323 1,320 1,310 1,292 1,294 1,305 1,412 1,618 1,621 1,636 1,655 1,662 1,677
CAES 0 0 0 0 0 0 0 0 0 0 0 59 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.55 0.50 0.90 1.04 1.37 311 351 2.99 3.36 3.98 4.26 59 4.11 4.45 5.41 6.45 5.90 6.05 5.45 5.57 222 211 1.47 1.34 0.61
Firm Imports 0 951 969 978 978 983 984 983 982 979 979 59 977 978 977 978 973 973 1,304 2,330 2,308 2,336 2,355 2,370 2,502
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2.0C.DSM-6 (Max DSM) GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,007 3,766 3,558 3,384 3,167 3,253 3,139 3,049 3,006 2,832 2,791 2,385 2,367 1,906 1,512 1,444 1,450 1,468 1,304 0 0 0 0 0 0
Gas - Existing 779 987 1,014 987 1,006 1,008 995 997 956 975 972 1,011 1,020 954 928 932 929 934 987 909 932 928 952 928 863
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - New CTs & Recips 0 0 0 86 110 111 125 117 111 116 108 276 271 63 86 92 101 102 155 35 39 50 49 46 76
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 892 893 893 890 913 915 915 914 915 1,009 1,011 1,010 1,010 1,012 1,011 1,011 1,012 1,011 1,011 1,011 1,011 1,011 1,011 1,009 1,012
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 337 349 354 350 345 342 343 340 341 346 350 355 353 356 348 352 346 351 353 356 360 359 360 362 363
Wind 1,904 1,900 1,900 1,898 1,897 1,899 1,895 1,898 1,894 1,892 1,892 2,213 2,208 2,737 3,176 3,307 3,308 3,313 3,439 3,443 3,441 3,446 3,450 3,454 3,460
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 1 1 0 0 0 0 1 0 0 0 0 0 1 0 1 1 4 0 0 0 0 0 0
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 894 893 894 894 894 894 894 893 894 893 894 894 894 894
Demand Response 0 0 1 2 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Non Firm Market 2,296 1,346 1317 1316 1314 1,323 1316 1312 1293 1,238 1238 1,104 1,104 1,324 1310 1281 1294 1,302 1293 1,590 1588 1594 1,624 1627 1,648
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.55 0.68 0.50 0.81 3.38 3.15 3.93 3.48 3.48 4.12 4.75 578 5.75 4.77 7.84 8.30 8.56 8.11 9.66 6.96 297 3.07 2.86 2.87 2.83
Firm Imports 0 951 976 978 979 977 979 981 982 982 982 979 976 975 976 975 978 974 963 2,211 2,208 2,254 2,257 2,328 2,407
3.1C.DSM-7 (Mid DSM) GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,031 3,763 3613 3,525 3,114 3,233 3215 3,223 1,605 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - Existing 745 1,000 1,038 1,018 1,052 1,052 1,036 1,030 989 939 853 860 840 854 859 853 864 859 863 863 845 834 746 582 357
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - New CTs & Recips 0 0 34 50 31 94 103 80 171 109 84 91 89 102 86 84 85 100 115 115 251 111 99 87 105
Gas - Conversion 0 0 0 0 0 0 0 0 0 40 35 36 40 44 29 41 51 40 32 35 21 13 3 2 6
Domestic Hydro 894 887 893 891 914 914 915 915 915 1,009 1,009 1,011 1,010 1,012 1,011 1,010 1,011 1,011 1,011 1,012 1,012 1,013 1,014 1,023 1,088
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 337 351 354 350 347 352 345 349 342 352 357 353 355 355 355 358 359 361 365 360 360 367 392 402 410
Wind 1,903 1,897 1,899 2,007 2,369 2,370 2,372 2,369 4,053 4,055 4,059 4,059 4,065 4,073 4,084 4,095 4,099 4,117 4,129 4,129 4,122 4,142 4,145 4,133 4,081
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 399 785
Diesel CTs 1 1 0 1 0 0 0 0 3 1 1 0 0 1 1 0 0 1 0 1 9 0 0 1 1
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 893 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 893
Demand Response 0 0 1 2 3 4 4 3 3 3 3 2 3 3 3 3 3 3 3 3 3 3 3 3 3
Non Firm Market 2,290 1,347 1,328 1,318 1,311 1,319 1,315 1,317 1,193 1,707 1,616 1,628 1,631 1,636 1,622 1,640 1,662 1,677 1,696 1,740 1,712 1,824 1,920 1,882 1,880
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.65 0.62 0.59 12.20 47.16 44.81 48.17 47.84 118.09 119.46 116.56 114.69 114.62 111.95 111.59 112.00 108.18 103.00 106.55 109.00 107.95 114.13 122.82 106.44 19.01
Firm Imports 0 949 967 976 980 980 983 981 957 1,965 2,160 2,171 2,199 2,210 2,307 2,367 2,387 2,439 2,489 2,538 2,514 2,625 2,690 2,578 2,424

2.1C.WIND-1 (Low Wind Cost)

Generator

Coal

Gas - Existing

Gas - New CCs

Gas - New CTs & Recips
Gas - Conversion
Domestic Hydro
Tidal

Biomass

Wind

Solar

Diesel CTs

Maritime Link Blocks
Demand Response
Non Firm Market
CAES

Battery Generation
Firm Imports

Year

GWh
2021
3,999

784
0

0
894
0
333
1,902
4
0
1,133
0
2,289
0
0.68
0

2022
3,766
999
0
0
0
892
0
350
1,896
4
1
1,133
1
1,341
0
0.53
950

2023
3,324
1,044
0
46
0
890
26
346
2,231
4
1
1,133
1
1,318
0
1.69
974

2024
3,382
990
0
81
0
893
26
345
2,242
4
0
1,134
2
1,310
0
213
979

2025
1,948
929
0
30
0
915
26
344
3,817
4
1
1,133
3
1,295
0
28.75
951

2026
1,690
875
0
12
0
909
26
340
3,817
4
1
893
3
1,431
0
24.19
1,392

2027
1,660
880
0
10
0
912
26
340
3,822
4
1
893
3
1,443
0
26.41
1,407

2028
1,681
885
0
4
0
911
26
345
3,819
4
1
894
3
1,385
0
26.09
1,461

2029
1,678
884
0

0
910
26
345
3,802
4
1
893
3
1,356
0
26.35
1,487

2030 2031
1,525 1,536
864 865
0 0
4 4
0 0
998 1,002
26 26
345 346
3,821 3,811
4 4
1 1
893 894
3 3
1,343 1,341
0 0
26.58 28.04
1,534 1,545

2032
1,539
879
0
4
0
1,004
26
347
3,816
4
1
894
3
1,339
0
26.41
1,571

2033
1,524
864

998
26
342
3,821
4
1
894
3
1,344
0
26.49
1,627

2034
1,547
864

998
26
348
3,824
4
2
894
3
1,346
0
24.43
1,650

2035
1,508
881
0

998
26
350
3,841
4
1
893
3
1,353
0
24.15
1,715

2036

1,619

880
0
9
0

1,003

26
352

3,840

4
2
894
3

1,349

0

23.57
1,696

2037
1,637
882
0
8
0
1,006
26
351
3,852
4
1
894
3
1,366
0
2231
1,712

2038

1,616

884
0
6
0

1,000

26
350

3,863

4
1
894
3

1,377

0

22.83
1,802

2039
1,002
868
761
27
0
997
26
346
3,866
4
0
894
3
1,324
0
24.19
1,796

2040
0
920
798
131
0
1,005
26
353
3,878
4
0
894
2
1,628
0
24.29
2,362

2041
0
916
854
150
0
1,007
26
356
3,881
4
0
894
2
1,619
0
23.37
2,348

2042
0
916
903
159
0
1,005
26
354
3,883
4
0
894
2
1,626
0
23.83
2,365

2043
0
923
935
164
0
1,009
26
353
3,889
4
0
894
3
1,642
0
23.70
2,376

2044
0
926
1,019
177
0
1,007
26
350
3,904
4
0
894
3
1,621
0
23.24
2,357

2045
0
929
1,023
204
0
1,008
26
353
3,896
4
0
894
2
1,641
0
3.85
2,389
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2.1C.WIND-2 (Low Wind & Batte Gwh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 3,999 3,742 2,772 2,044 1,893 1,999 2,003 2,058 2,064 1,782 1,790 1,807 1,838 1,860 1,802 1,712 1,694 1,702 1,087 0 0 0 0 0 0
Gas - Existing 772 1,015 945 936 929 943 936 922 928 977 981 989 978 996 995 929 898 895 910 905 866 853 855 869 851
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 690 777 811 872 937 989
Gas - New CTs & Recips 0 0 13 21 17 80 76 72 82 126 121 131 126 134 223 68 42 43 41 112 170 188 188 188 207
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 890 891 893 893 914 915 915 915 915 1,011 1,011 1,011 1,012 1,011 1,011 1,010 1,010 1,008 1,003 1,008 1,007 1,010 1,009 1,010 1,009
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 335 351 351 346 337 346 344 343 342 348 348 349 346 355 371 348 349 353 360 355 356 357 357 357 356
Wind 1,904 1,900 2,900 3,719 3,931 3,941 3,943 3,943 3,935 3,943 3,946 3,942 3,954 3,963 3,977 3,968 3,974 3,989 4,001 4,006 4,010 4,009 4,012 4,022 4,020
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 1 2 3 1 1 1 1 1 1 1 2 1 1 1 1 0 0 0 0 1 0 0 0
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 893 894 894 894 893 894 894 894 894 894 894 894 894 894 894 893 894 893 894 894
Demand Response 0 1 1 2 3 3 3 2 2 3 3 3 3 2 2 3 3 3 3 2 2 3 2 3 2
Non Firm Market 2,300 1,347 1,349 1,313 1,271 1,295 1,304 1,281 1,242 1,291 1,296 1,312 1,315 1,314 1,320 1,592 1,496 1,520 1,546 1,660 1,645 1,671 1,671 1,644 1,650
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.48 0.44 1.38 2.60 67.12 66.27 66.63 66.43 66.77 69.00 68.72 69.65 67.32 71.08 69.82 63.51 57.87 58.85 53.57 57.92 57.98 53.89 55.58 56.23 3.01
Firm Imports 0 949 948 947 951 964 968 972 973 973 971 973 970 969 969 1,136 1,367 1,403 2,053 2,354 2,312 2,324 2,340 2,346 2,366

2.1C.WIND-3 (Low Inertia Constr Gwh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,018 3,699 3,551 3,514 3,347 3,427 3,414 3,455 3,412 3,037 2,723 2,467 2,356 1,774 1,682 1,736 1,719 1,676 1,070 0 0 0 0 0 0
Gas - Existing 750 1,054 1,147 1,029 1,124 1,117 1,146 1,089 1,107 1,263 1,033 1,035 1,026 895 877 900 845 843 858 863 845 857 860 864 844
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 933 930 997 1,046 1,034 1,055
Gas - New CTs & Recips 0 0 19 57 93 79 71 105 109 164 85 87 89 23 19 20 13 15 44 162 242 205 187 198 194
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 892 893 893 893 915 915 915 915 915 1,010 1,012 1,011 1,011 1,002 999 1,007 1,006 999 1,000 1,008 1,008 1,010 1,008 1,008 1,008
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 338 354 363 360 361 369 366 366 362 403 365 363 360 349 351 349 350 351 361 352 355 357 354 356 357
Wind 1,904 1,900 1,902 2,072 2,082 2,249 2,252 2,252 2,251 2,249 2,921 3,226 3,370 3,736 3,750 3,760 3,755 3,774 3,785 3,796 3,730 3,796 3,810 3,818 3,820
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 2 0 0 1 1 1 1 2 3 4 5 2 1 1 2 1 1 1 4 1 1 1 1
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 894 894 894 894 894 893 894 894 894 893 894 894 894 893
Demand Response 0 1 1 2 3 3 3 3 3 3 3 3 3 3 3 2 2 3 2 2 2 3 3 3 2
Non Firm Market 2,299 1,345 1,349 1,347 1,330 1,326 1,329 1,330 1,329 1,325 1,327 1,327 1,327 1,457 1,463 1,469 1,400 1,421 1,484 1,606 1,625 1,630 1,660 1,681 1,728
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.60 0.59 0.50 0.71 2.04 2.07 2.29 2.29 2.52 2.80 2.88 4.05 4.51 4.48 4.70 4.36 4.34 4.01 3.52 3.63 0.98 1.46 1.82 177 0.00
Firm Imports 0 949 949 949 967 974 971 970 970 975 973 972 972 1,339 1,503 1,499 1,718 1,810 2,378 2,347 2,380 2,349 2,356 2,392 2,429

2.1C.WIND-4 (No Inertia / No Int

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,031 3,760 3,495 3,219 2,730 2,850 2,202 2,202 2,204 2,005 1,787 1,803 1,755 1,756 1,575 1,618 1,381 1,391 1,161 0 0 0 0 0 0
Gas - Existing 734 995 1,023 1,013 963 1,026 939 945 960 975 976 986 958 1,003 977 979 1,011 1,040 1,063 877 866 884 854 862 883
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gas - New CTs & Recips 0 0 24 22 49 80 75 81 77 108 120 133 127 141 167 182 249 269 372 86 96 107 99 97 114
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 69 73 75 44 40 41 43 42 41
Domestic Hydro 894 887 893 893 915 915 915 915 915 1,011 1,011 1,011 1,009 1,010 1,009 1,009 1,010 1,009 1,010 998 1,000 1,004 1,003 1,001 1,006
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 338 342 344 343 355 359 350 347 348 347 346 346 345
Wind 1,904 3,691 3,968 3,967 4,467 4,588 4,600 4,821 4,938 5,030 5,046 5,309 5,348 5,347
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 4 4 4 7 5 7 4 3 2 3 4 4
Maritime Link Blocks 1,133 893 894 894 893 893 893 893 893 893 893 893 893
Demand Response 0 3 3 3 3 3 3 2 2 3 3 3 3
Non Firm Market 2,300 1,315 1,263 1,270 1,170 1,178 1,180 1,166 1,442 1,413 1,440 1,358 1,367 1,381
CAES 0.65 3.17 3.10 3.55 3.59 3.46 3.63 3.01 3.46 3.10 3.37 3.56 3.27
Battery Generation 0 0 0 0 0 0 0 0 0 0 0 0 0
Firm Imports 0 971 972 969 959 963 954 2,331 2,325 2,333 2,267 2,286 2,318
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2.1C.Mersey GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 3,995 3,728 3,721 3,866 3,737 3,753 3,483 3,536 3,602 1,523 1,485 1,489 1,473 1,467 1,491 1,598 1,580 1,608 1,129 0 0 0 0 0 0
Gas - Existing 747 994 1,023 1,001 1,172 1,131 1,156 1,161 1,078 876 875 878 879 866 872 889 896 900 896 910 923 916 929 925 945
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 921 1,010 1,017 1,019 1,055 1,062 1,062
Gas - New CTs & Recips 0 0 0 0 0 231 326 289 286 12 11 14 9 12 16 17 19 21 42 195 238 259 265 256 244
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 930 930 853 777 722 723 723 723 723 718 718 720 715 718 715 720 722 719 717 718 723 722 723 721 721
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 334 352 346 355 354 388 374 373 369 351 346 346 348 349 352 351 355 357 343 352 355 353 357 354 356
Wind 1,904 1,899 1,934 1,933 1,936 1,934 2,104 2,103 2,101 3,760 3,751 3,757 3,769 3,771 3,783 3,786 3,794 3,806 3,801 3,822 3,802 3,807 3,704 3,742 3,769
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 1 1 1 1 0 0 1 1 1 1 2 1 2 1 1 1 0 0 4 3 5 4 6
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 894 894 893 893 894 894 894 894 894 894 893 893 894 893
Demand Response 0 1 1 2 3 3 3 3 3 3 3 3 3 2 2 3 3 3 2 2 2 2 3 3 2
Non Firm Market 2,290 1,344 1,335 1,321 1,326 1,322 1,325 1,325 1,322 1,392 1,385 1,386 1,389 1,409 1,396 1,390 1,403 1,421 1,319 1,637 1,640 1,676 1,733 1,749 1,773
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.53 0.52 4.61 4.29 3.80 5.08 5.50 5.61 6.36 10.00 10.16 9.64 9.97 9.45 10.47 9.55 9.65 9.12 10.46 9.76 6.52 6.55 0.51 0.48 114
Firm Imports 0 949 962 970 974 978 975 975 978 1,796 1,872 1,901 1,935 1,985 2,022 1,990 2,041 2,060 1,814 2,426 2,421 2,450 2,513 2,539 2,560
2.1C.Import-1 (Limited Non-Firm Gwh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,715 4,465 4,141 4,236 3,331 2,587 2,600 2,539 2,747 1977 1,981 2,037 1929 1,722 1739 1,779 1,738 1665 1,294 0 0 0 0 0 0
Gas - Existing 855 1,082 1,308 1,245 1,077 927 914 912 860 850 847 853 847 846 852 865 865 860 874 870 855 868 877 872 821
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1,636 1,642 1,657 1,687 1,700 1,626
Gas - New CTs & Recips 0 0 53 49 114 50 60 71 88 49 53 63 64 35 39 21 27 33 62 103 128 135 131 133 127
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 893 891 893 894 915 911 915 912 912 1,006 1,005 1,007 1,003 1,002 1,005 987 1,000 998 1,006 1,000 1,003 1,003 1,010 1,005 1,003
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 342 358 377 393 375 356 354 362 362 362 355 355 356 355 356 358 356 365 369 360 363 364 363 364 368
Wind 1,902 1,899 1,900 1,903 2,907 2,893 2,900 2,907 2,900 3,704 3,699 3,700 3,706 3,707 3,731 3,728 3,729 3,745 3,772 3,747 3,680 3,752 3,766 3,781 3,792
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 1 1 1 0 1 1 1 0 0 0 1 1 0 0 0 1 0 0 3 1 1 1 0
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 893 894 894 894 894 894 894 893 894 894 894 894 894 894 894 894 893 894 893
Demand Response 0 1 1 2 3 3 3 3 2 3 3 3 3 2 2 3 3 3 3 2 2 3 2 2 2
Non Firm Market 1,493 552 553 555 555 1,273 1,261 1,284 1,154 928 950 935 1,014 855 849 703 724 750 851 889 917 941 951 963 1,050
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.60 0.59 0.50 0.71 2.04 2.07 2.29 2.29 2.52 2.80 2.88 4.05 4.51 4.48 4.70 4.36 4.34 4.01 3.52 3.63 0.98 1.46 1.82 177 0.00
Firm Imports 0 948 947 945 945 1,458 1,459 1,494 1,434 1,550 1,549 1,541 1,596 2,053 2,074 2,299 2,367 2,473 2,749 2,461 2,528 2,480 2,496 2,531 2,647
2.0A.Import-2 (No Reliability Tie Gwh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,051 3,826 3,664 3,660 3,089 3,177 3,105 3,128 3,060 2,721 2,697 2,797 2,743 2,793 2,367 2,135 1,954 1,785 1,428 0 0 0 0 0 0
Gas - Existing 727 977 1,010 971 978 993 995 1,007 856 864 860 849 853 849 874 751 759 826 781 890 872 879 874 796 572
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 822 1,483 2,567 2,565 2,592 2,546 2,546 2,592
Gas - New CTs & Recips 0 0 94 115 132 129 111 133 183 346 318 268 306 229 429 850 839 358 265 364 439 447 421 354 198
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 894 892 894 893 915 915 915 915 914 1,009 1,011 1,010 1,010 1,009 1,009 1,013 1,021 1,011 1,011 1,009 1,008 1,008 1,009 1,012 1,015
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 338 352 351 353 346 347 344 345 340 348 349 348 338 347 356 352 374 353 355 358 358 355 358 360 411
Wind 1,904 1,904 1,904 1,904 2,411 2,414 2,415 2,414 2,751 2,749 2,745 2,743 2,747 2,743 2,748 2,750 2,751 2,749 2,746 3,027 3,040 3,064 3,161 3,182 3,192
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 92
Diesel CTs 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 1 0
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894 894
Demand Response 0 1 1 2 3 3 3 2 3 3 3 3 3 2 2 3 3 3 3 3 3 3 3 3 3
Non Firm Market 2,300 2,239 2,205 2,208 2,194 2,262 2,295 2,195 1,959 1,943 1,968 1,934 1,928 1,967 2,172 2,145 2,300 2,139 2,014 1,931 1,881 1,869 1,901 2,063 2,297
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.46 0.55 0.73 0.87 65.24 51.19 49.70 47.94 67.00 55.30 65.30 56.87 58.14 56.92 64.31 0.00 52.70 67.56 67.27 87.91 91.19 88.48 100.34 111.61 78.02
Firm Imports 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Annual Energy Balance




2.1C.Import-3 (Limited Reliabilit: Gwh

Generator

Coal

Gas - Existing

Gas - New CCs

Gas - New CTs & Recips
Gas - Conversion
Domestic Hydro
Tidal

Biomass

Wind

Solar

Diesel CTs

Maritime Link Blocks
Demand Response
Non Firm Market
CAES

Battery Generation
Firm Imports

Year

2021
4,044
747
0
0

891
0
335
1,903
4
0
1,133
0
2,281
0
0.49
0

2022
3,777
984
0
0
0
893
0
348
1,898
4
1
1,133
1
1,346
0
0.51
948

2023
3,651
1,038
0
38
0
893
26
356
1,899
4
1
1,133
1
1,330
0
0.65
968

2024
3,713
989
0
80
0
892
26
354
1,900
4
0
1,134
2
1,318
0
0.61
977

2025
3,528
965
0
81
0
915
26
347
2,086
4
1
1,133
3
1,322
0
4.58
976

2026
3,300
1,064
0
284
0
914
26
346
2,251
4
1
894
3
1,325
0
5.15
975

2027
3,286
1,096
0
269
0
914
26
348
2,252
4
0
894
3
1,328
0
5.23
972

2028
3,410
1,107
0
114
0
915
26
374
2,262
4
0
894
3
1,329
0
331
971

2029
2,935
876
0
127
0
913
26
356
2,260
4
0
893
3
1,562
0
3.12
1,430

2030
1,898
834
0
242
0
993
26
338
3,573
4
0
893
3
1,214
0
7.94
1,337

2031
1,890
836
0
222
0
1,002
26
335
3,692
4
0
893
3
1,171
0
8.52
1,294

2032
1,906
840
0
194
0
1,005
26
333
3,688
4
0
894
3
1,187
0
8.22
1,340

2033
1,822
829
0
229
0
995
26
334
3,709
4
0
893
3
1,204
0
8.24
1,396

2034
1,828
838
0
231
0
999
26
337
3,705
4
0
893
2
1,217
0
9.25
1,424

2035
1,749
834
0
212
0
999
26
339
3,723
4
0
893
3
1,227
0
8.78
1,564
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2036
1,760
843
0
224
0
1,005
26
339
3,731
4
0
894
2
1,241
0
8.67
1,599

2037
1,787
836
0
235
0
1,000
26
339
3,727
4
1
893
3
1,263
0
8.33
1,623

2038
1,770
838
0
229
0
1,000
26
340
3,752
4
0
893
3
1,295
0
8.06
1,668

2039
1,052
837
860
174
0
1,003
26
346
3,747
4
0
893
3
1,245
0
8.85
1,717

2040
0
853
884
395
0
1,002
26
349
3,763
4
0
894
2
1,529
0
8.08
2,292

2041
0
856
912
387
0
1,008
26
351
3,764
4
0
893
2
1,539
0
4.00
2,306

2042
0
857
960
420
0
1,009
26
350
3,763
4
0
893
2
1,550
0
3.88
2,295

2043
0
855
1,004
374
0
1,009
26
353
3,779
4
1
893
3
1,590
0
3.90
2,319

2044
0
866
1,006
377
0
1,001
26
352
3,793
4
0
894
3
1,613
0
3.92
2,343

2045
0
839
994
387
0
1,007
26
355
3,798
4
0
893
2
1,666
0
0.00
2,390

2.1C.CAPEX-1 (High Sustaining C:

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 4,016 3,729 3,707 3,686 3,126 3,178 3,034 3,027 2,699 1,787 1,778 1,784 1,696 1,670 1,672 1,581 1,591 1,595 1,269 0 0 0 0 0 0
Gas - Existing 780 1,036 1,016 1,072 1,097 894 877 888 855 842 841 840 841 842 841 848 850 851 852 872 861 846 854 868 860
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 932 954 1,015 1,030 1,051 1,043
Gas - New CTs & Recips 0 0 0 0 0 52 58 70 53 34 35 37 40 42 32 27 27 26 36 163 188 207 218 205 208
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 893 891 893 893 915 915 915 915 914 999 1,006 1,004 1,004 1,004 1,002 999 1,006 1,005 999 1,000 1,002 1,008 1,009 1,008 1,008
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 331 352 357 369 368 362 360 362 353 351 347 348 350 349 350 349 350 356 358 354 354 351 353 353 356
Wind 1,901 1,898 1,900 1,903 2,422 2,754 2,918 2,920 2,908 3,603 3,605 3,611 3,621 3,758 3,767 3,763 3,763 3,788 3,800 3,803 3,801 3,806 3,810 3,821 3,830
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 2 2 3 10 5 3 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 893 894 894 894 893 894 894 893 893 894 894 893 893 894 894 893 894 894 894 894
Demand Response 0 1 1 2 3 3 3 3 3 3 3 3 3 2 2 3 2 3 3 2 2 2 3 3 2
Non Firm Market 2,279 1,338 1,330 1,347 1,336 1,333 1,333 1,324 1,692 1,466 1,465 1,484 1,530 1,512 1,474 1,420 1,433 1,451 1,460 1,602 1,625 1,634 1,651 1,679 1,734
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.54 0.65 0.42 0.45 2.10 2.90 3.29 3.14 2.58 4.36 4.37 4.15 4.30 6.08 5.79 5.62 5.37 5.61 5.04 5.49 1.81 1.88 1.81 1.81 0.00
Firm Imports 0 950 969 949 953 960 965 973 984 1,345 1,364 1,383 1,432 1,399 1,506 1,755 1,789 1,817 2,204 2,341 2,335 2,335 2,356 2,367 2,395
2.1C.CAPEX-2 (Low Sustaining Ca GWh

Generator Year 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045
Coal 3,967 3,742 3,746 3,768 3,593 3,704 3,754 3,677 3,516 3,058 2,712 2,398 2,124 2,068 2,068 2,092 2,140 1,841 1,298 0 0 0 0 0 0
Gas - Existing 799 1,023 993 1,019 1,113 1,052 1,024 1,052 1,127 1,075 988 944 944 954 974 998 999 908 900 909 929 930 949 931 905
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 835 853 884 947 1,003 1,025
Gas - New CTs & Recips 0 0 0 0 0 184 164 226 283 390 113 87 118 115 148 180 191 44 23 154 214 223 224 228 227
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 892 891 892 891 913 915 915 915 915 1,009 1,012 1,012 1,011 1,011 1,011 1,012 1,011 1,003 1,002 1,001 1,009 1,008 1,010 1,009 1,010
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 339 351 355 350 351 358 361 365 371 362 360 355 351 352 357 359 362 351 359 354 356 351 351 354 354
Wind 1,903 1,898 1,897 1,898 1,952 1,949 1,949 1,950 1,948 2,277 2,958 3,402 3,670 3,793 3,800 3,809 3,812 3,819 3,824 3,831 3,830 3,833 3,836 3,844 3,785
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Diesel CTs 0 1 1 1 2 0 0 1 0 1 2 1 2 2 2 2 2 1 1 0 4 5 4 4 4
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 894 894 894 894 894 894 894 894 893 894 894 893 894 894 893 894 894 894 894
Demand Response 0 1 1 2 3 3 3 3 3 3 3 3 3 2 2 2 3 3 3 2 2 3 3 3 2
Non Firm Market 2,299 1,339 1,335 1,327 1,326 1,322 1,320 1,324 1,323 1,283 1,329 1,324 1,347 1,319 1,322 1,321 1,326 1,516 1,439 1,632 1,617 1,630 1,628 1,622 1,683
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.54 0.59 0.49 0.45 5.99 7.23 7.05 7.66 7.24 10.49 9.17 12.59 14.36 15.54 15.19 14.56 14.34 12.96 11.65 12.05 9.40 9.25 8.97 9.39 0.52
Firm Imports 0 950 955 966 974 978 980 976 977 976 971 971 952 967 967 973 968 1,412 2,136 2,353 2,312 2,343 2,336 2,359 2,446

Annual Energy Balance
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2.1C.PRICES-1 (High Import & Ga Gwh

Generator Year 2021

Coal 4,279 3,798 3,739 3,763 3,459 3,454 3,371 3,425 3,476 2,510 2,484 2,124 2,115 2,157 2,088 2,151 1,959 2,014 1,472 0 0 0 0 0 0
Gas - Existing 591 964 982 997 1,035 1,007 1,050 1,031 1,009 945 965 932 923 924 964 986 843 842 865 863 868 867 865 880 880
Gas - New CCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 964 907 976 1,026 1,024 1,063
Gas - New CTs & Recips 0 0 31 30 95 194 266 229 125 95 102 94 101 113 165 176 18 7 124 203 285 272 274 266 220
Gas - Conversion 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Domestic Hydro 891 893 890 891 914 915 914 915 915 1,011 1,011 1,011 1,011 1,011 1,011 1,012 1,009 1,004 1,002 1,007 1,008 1,010 1,011 1,005 1,004
Tidal 0 0 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26
Biomass 342 353 353 352 347 354 351 360 380 355 355 351 353 352 365 369 365 392 380 376 374 374 373 373 374
Wind 1,904 1,899 1,897 1,899 2,078 2,239 2,239 2,242 2,254 3,225 3,227 3,744 3,754 3,757 3,771 3,775 3,776 3,801 3,813 3,830 3,823 3,827 3,838 3,842 3,867
Solar 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 18 18 18 18 18 19 105 106
Diesel CTs 0 1 0 0 0 0 0 0 0 2 1 1 1 1 1 1 0 0 0 0 3 3 2 1 0
Maritime Link Blocks 1,133 1,133 1,133 1,134 1,133 894 893 894 894 894 894 894 894 894 894 894 893 894 894 894 894 894 894 894 893
Demand Response 0 1 1 2 3 3 3 3 2 3 3 3 3 3 3 2 3 3 3 3 3 3 3 2 3
Non Firm Market 2,193 1,337 1,327 1,332 1,316 1,323 1,299 1,305 1,326 1,311 1,319 1,265 1,291 1,296 1,313 1,302 1,356 1,307 1,384 1,541 1,574 1,575 1,612 1,598 1,611
CAES 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Battery Generation 0.68 0.64 0.67 0.68 293 4.01 3.89 4.10 2.65 4.80 4.86 6.35 6.17 6.46 6.16 6.15 5.30 9.00 10.47 10.93 6.92 6.70 7.95 8.12 12.33
Firm Imports 0 951 954 954 977 973 974 976 972 973 976 969 968 967 969 971 1,482 1,510 1,928 2,271 2,266 2,286 2,268 2,263 2,321

Annual Energy Balance



IRP Participants

This list includes groups and individuals who were very engaged, attended sessions and provided
feedback and comments, as well as others who wished to be on the mailing list but did not actively
participate.

Nova Scotia Utility and Review Board

Board Counsel Bruce Outhouse
Board Staff Steve Pronko
NSUARB Consultant Bates White Collin Cain
NSUARB Consultant Bates White Nick Puga
NSUARB Consultant Bates White Vincent Musco

NSUARB Consultant Synapse Energy Economics Devi Glick
NSUARB Consultant Synapse Energy Economics David White
NSUARB Consultant Synapse Energy Economics Rachel Wilson
NSUARB Consultant Synapse Energy Economics Bob Fagan

Consumer Advocate
Consumer Advocate Bill Mahody
Consumer Advocate Emily Mason
Consumer Advocate Consultant
Resource Insight Jonathan Wallach
Consumer Advocate Consultant
Resource Insight John Wilson
Consumer Advocate Consultant
Resource Insight Paul Chernick

Small Business Advocate

Small Business Advocate Nelson Blackburn

Small Business Advocate Melissa MacAdam

Small Business Advocate consultant Daymark John Athas

Small Business Advocate consultant Daymark Jeff Bower

Small Business Advocate consultant Daymark Mary Neal

Small Business Advocate consultant Daymark Melissa Whitten
Industrial Group

Industrial Group Nancy Rubin

Industrial Group Brianne Rudderham

Industrial Group consultant Mark Drazen



Municipal Utilities

Municipal Electric Utilities

Town of Antigonish Electric Utility
Town of Antigonish Electric Utility
Town of Antigonish Electric Utility
Town of Antigonish Electric Utility
Town of Berwick Electric Commission
Town of Mahone Bay Electric Utility

AREA (Alternative Resource Energy Authority)

Port Hawkesbury
Paper

Efficiency One

Heritage Gas

AREA
AREA

Port Hawkesbury Paper counsel
Port Hawkesbury Paper counsel
Port Hawkesbury Paper counsel

Efficiency One
Efficiency One
Efficiency One
Efficiency One
Efficiency One
Efficiency One
Efficiency One
Efficiency One
Efficiency One
Efficiency One
Efficiency One
Efficiency One consultant Energy Futures Group
Efficiency One consultant Energy Futures Group

Heritage Gas
Heritage Gas
Heritage Gas

Albert Dominie
Brian Luciano
Jeff Lawrence
Lise Roy

Meaghan Barkhouse

Don Regan
Dylan Heide

Aaron Long
Sean Fleming

Bevan Lock

David MacDougall
James MacDuff
Melanie Gillis

Chuck Faulkner
Gina Thompson
Janet MacDonald
John Esaiw
James Gogan
Kristine Burke
Kate MacDonald
Matt Davidson

Michael Peter Petrosoniak

Mark Robertson
Ryan Kelly

Anna Sommer
Chelsea Hotaling

John Hawkins
Kristen Wilcott
Michael Johnston



Ecology Action Centre

Quest Canada

Verschuren Centre (Cape Breton University)

Ecology Action Centre
Ecology Action Centre
Ecology Action Centre
Ecology Action Centre
Ecology Action Centre
Ecology Action Centre
Ecology Action Centre

Quest Canada
Quest Canada

Envigour Policy Consulting/ Representing Quest

Canada

Daniel Roscoe

Nova Scotia Government

NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government
NS Government

Ben Grieder

Gurprasad Gurumurthy
Lynn Sawyer

Marla MacLeod

Bill Zimmerman

Brian Gifford

Devonne Goad

Emma Norton
Tonja Leach

Bruce Cameron

Sandra Farwell
Andrew Murphy
David Miller

Eric Blake

Jason Hollett
Johnny McPherson
Keith Collins
Krista Phillips
Matt Seaboyer
Melissa Oldreive
Michael Bird
Nancy Rondeaux
Peter Craig

Scott McCoombs
Sheena Paris
Wendy Brown
Christina Wells
Kathlyne Nelson
Leigh-Anne Outhouse
Steve Stanford
Kendra Campbell
Michelle Miller
Simone Charron



Natural Forces

Natural Forces

Natural Forces

Natural Forces

Natural Forces - Cooke Energy & Utility
Consulting

Canadian Renewable Energy Association

Canadian Renewable Energy Association
CanWEA

Dalhousie University

Dalhousie
Dalhousie

Municipalities of Nova Scotia

Other Participants

Bridgewater

Bridgewater and Digby
Halifax Regional Municipality
Halifax Regional Municipality
Halifax Regional Municipality
Halifax Regional Municipality
Kings County

Town of Digby

Town of Wolfville

AMERESCO Canada

Anemos Energy Corporation

Bird Construction

Canadian Catholic Org.

Canadian Energy Systems Analysis Research
Capstone Infrastructure Corporation
Clean Nova Scotia

Clean Nova Scotia

Community Wind Farms Inc.
Efficiency Canada

Elemental Energy

Enercon

Glas Ocean

Halifax International Airport Authority
Halifax Water

Hawthorn Capital

Hydrostor

ICF

Individual

Austen Hughes
Andy MacCallum
Robert Apold

Andrew Cooke

Brandy Giannetta
Jean-Francois Nolet

Lukas Swan
Rochelle Owen

O'Neill

Mark Hewitt

Kevin Boutilier
Peter Duncan
Shannon Miedema
Hannah O'Brien
Emily Kennedy
Terry Thibodeau
Omar Bhimiji

Michael Currie

Rob Parsons

Mehdi Ebrahimipour
Johanna Aucoin-Slaunwhite
Ralph Torrie

Greg Peterson

Erin Burbidge

Scott Skinner

Keith Towse
Brendan Haley

Dan Eaton

Eva Lotta Schmidt
Sue Molloy

Michael Rantala
David Blades

Trevor Hennigar

Jon Sorensen
Brittany Speetles
Aaron Smith



Individual
Individual
Individual
Individual
individual
individual
Individual
Individual
individual
Individual
Individual
individual
Individual
individual
Manitoba Hydro
Manitoba Hydro
Manitoba Hydro
Manitoba Hydro
Manitoba Hydro
Manitoba Hydro
Maritimes Energy

Neothermal Energy Storage

NRCAN
NRStor

Offshore Energy Research Association
Offshore Energy Research Association

OpusOne

ORPC Canada
Pembina Institute
Polycorp

Power Advisory
Power Advisory
Schneider Electric
Shell

Shell

Sierra Club

Smart Wires

SMU

Solar Provider Group
Source Atlantic
Spark Power
Stantec

Stantec

Stantec

Stantec

Stantec

Andrew Stout
Bob Gansel

Jeff MacKinnon
Rabih Zayed
Stephen Thomas
Brian Gould
Richard Hendriks
Graham Findlay
Brenda Ryan
David Kiefte
Nadia Gouda
Gabrielle Milette
James Thomson
Doug Campbell
Dan Prowse
Marc St Laurent
Danny Gillich
Lindsay Maitland
Vivian Boychuk
Tim Lock
Jennifer Tuck
Louis Desgrosseilliers
Tom Levy
Shivani Chotalia
Sven Scholtysik
Russell Dmytriw
Marcus Wong
Alexandre Paris
Abnash Bassi
Peter Polly

John Dalton
Travis Lusney
Ryan Gavin
Hector MacQuarrie
Valerie Johanning
Gretchen Fitzgerald
Brendan Kelly
Karynne Munroe
Christian Pollard
Barry Sonmor
Paul Pynn
Michael Doucet
Paul Sanford
Praveen Rosario
Wendy Warford
Greg Oliver



Sustainable Marine Energy (Canada) Ltd
SWEB Development

SWEB Development

Thinkwell Shift

TransAlta

Verterra Group

Jason Clarkson
Mason Baker
Rory Cantwell
Liam Cook

Akira Yamamoto
Helen Brown



Appendix H

Nova Scotia Power IRP
Assumptions and Analysis Plan Participant Engagement

NS Power IRP Draft Analysis Plan, January 20, 2020 2

Assumptions, January 20, 2020 plus Addendum 7
February 3, 2020

IRP Participant Comments on Assumptions and 119
Analysis Plan, February 2020

NS Power Responses to Comments on Assumptions, 282
March 11,2020

IRP Responses to Comments on Modeling Plan and 302
Scenarios, March 11, 2020

Draft Scenarios and Modeling Plan, 311
February 27, 2020
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2020 IRP
DRAFT ANALYSIS PLAN

JANUARY 20, 2020
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IRP ANALYSIS: PROCESS OVERVIEW

MODELING

Resource .|
Screening

Sensitivity
Analysis

POST-MODELING

2020 IRP ANALYSIS PLAN 1



ANALYSIS PLAN:
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PHASE DESCRIPTIONS
e | Desewton

Resource
Screening

Initial Portfolio
Study

Reliability
Screening

Operability
Screening

Final Portfolio
Study

Sensitivity
Analysis

Pare down candidate resources to be available to model in each scenario (this may differ by scenario).
Combination of qualitative evaluation and/or quantitative modeling using E3’s RESOLVE model.

Conduct capacity expansion optimization modeling with Plexos LT (supplemented with E3’s RESOLVE
model where required), which will result in an economically optimized resource portfolio for each
scenario (e.g. the resource plan with the lowest 25 year NPV revenue requirement for that scenario’s set
of assumptions).

For select scenarios, evaluate the impacts on reliability parameters, including the ELCC of renewables
(and diversity benefits) and the required Planning Reserve Margin for particular resource portfolios using
E3’s RECAP model. Identify changes to these assumptions for iteration.

For select scenarios, evaluate the production costs (e.g. fuel and purchased power) and dispatch
constraints using the more granular Plexos MT/ST module. Identify changes required for the portfolio for
iteration.

Using the output of the Reliability and Operability Screening phases, if required, conduct revised capacity
expansion optimization modeling with Plexos LT (supplemented with E3’s RESOLVE model where
required).

Using bookend values, as identified for each scenario, test the impact of future changes to key
assumptions on the cost and performance of the portfolios.

2020 IRP ANALYSIS PLAN 2
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POTENTIAL “PORTFOLIO STUDY” SCENARIO
DEVELOPMENT APPROACH

Portfolios

(“Resource Plans”)
Optimal plans based on each
scenario and driver combo

Scenarios

(“Possible Futures”) Drivers
Based on Major Uncertainties (“Influencing Factors”)
Scenario A Driver 1

X
Scenario B Driver 2

Scenario C Driver 3

Scenario D

Variations such as
resource costs or focus
Variations likely focused on on specific resource
coal closure timing, types (e.g. DERs)

electricity load and carbon

emission reduction levels
Sensitivity 1, 2...

Sensitivity Analysis
(“Impact Testing”)

Test the impact of changes in key
assumptions on the cost of the plan

2020 IRP ANALYSIS PLAN 3
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PROPOSED EVALUATION CRITERIA
R R

Minimization of the cumulative present value of
the annual revenue requirements over the
planning horizon (adjusted for end-effects)

Magnitude and timing of electricity rate effects;

Reliability requirements for supply adequacy;

Provision of essential grid services for system
stability and reliability;

Plan robustness (the ability of a plan to
withstand plausible potential changes to key
assumptions);

Reduction of greenhouse gas and/or other
emissions; and,

Flexibility (limitation of constraints on future
decisions arising from the selection of a
particular path).

25 year NPV Revenue Requirement

10 year NPV Revenue Requirement

Evaluation of PRM, resource capacity adequacy, operating
reserve requirements, etc.

Quantitative and qualitative assessment of the status of
essential grid services provision for each portfolio.

Magnitude of the plan’s exposure to changes in key
assumptions (via sensitivity analysis).

Mt of CO2 reduced over 25 years

Qualitative assessment of timing of investments.

2020 IRP ANALYSIS PLAN 4
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INTRODUCTION

* The following materials represent a preliminary working draft of the Input
Assumptions to be used in the 2020 IRP Modeling.

* These Draft Input Assumptions are being brought forward for discussion with
stakeholders.

* The details of these assumptions will continue to be further refined as the IRP
team addresses stakeholder feedback and reviews emerging information.

The final view of the Input Assumptions to be used in the 2020 IRP model will be
circulated to stakeholders on March 5, 2020, following discussion and refinement.

2020 IRP ASSUMPTIONS SET
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SUPPLY SIDE OPTIONS OVERVIEW

* The original draft assumptions for the costs of new bulk grid scale resources
(capital costs and fixed and variable operating costs) were based on the E3
Resource Options Study from the Pre-IRP Deliverables.

* Since the Pre-IRP Work was completed, several of the public sources for
pricing assumptions have released late 2019 datasets. The following slides are
reflect these updated data sources and subsequent pricing.

* The review of updated 2019 public sources for cost estimates lowered the
“base case” resource costs for most new renewables and storage. However,
the public source estimates for new wind remain higher than NS Power’s
original proposed assumption. Stakeholder comments to date have indicated
that NSP’s estimate may not be as low as expected; we remain open to
receiving information from other sources that stakeholders may have.

* The following slides summarize the “base case” prices from the updated Pre-
IRP work. The full report also includes “Low” price sensitivities to be tested.

* The assumptions for the cost of new distributed resources are in the following
section.

2020 IRP ASSUMPTIONS SET

28



Nova Scotia Power IRP Final Report Appendix H Page 10 of 321

NSPI Resource Options Study

2020 Updates

Nova Scotia Power
January 2020

Liz Mettetal, Sr. Consultant

Charles Li, Consultant

Aaron Burdick, Sr. Consultant
Sandy Hull, Sr. Consultant

Zach Ming, Sr. Managing Consultant
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Capital Cost (2019 CAD $/kW)

Technology Subtechnology 2019 2030 % Change
Wind Onshore $2,100 $1,691 -19%
Offshore S4,726 $3,429 -27%
Solar PV2 Tracking $1,800 S1,416 -21%
Biomass Grate S5,300 S5,146 -3%
Municipal Solid Waste $8,470 $8,470 0%
Tidal n/a $10,000 $10,000 0%
Storage Li-lon Battery (1 hr) S764 $385 -50%
Li-lon Battery (4 hr) $2,125 $1,071 -50%
Compressed air $2,200 $2,200 0%
Pumped Storage $2,700 $2,700 0%

a3 Solar PV costs reported in S/kW-ac, reflecting an inverter loading ratio of 1.3
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Capital Cost (2019 CAD S/kW)

Technology Subtechnology 2019 2030 % Change
Coal Coal-to-gas conversion (102 — 320 MW) $127 - 237 $127 - 237 0%
Natural Gas Combined Cycle (145 MW) $1,688 $1,574 -7%
gtc;r;bglgﬁffsyﬁllslvv;// carbon capture and $3.376 $2.987 12%
Combustion Turbine — Frame (50 MW) $1,080 $1,004 -7%
Combustion Turbine — Aero (50 MW) $1,755 $1,632 -7%
Reciprocating Engine (50 MW) $1,823 $1,823 0%
Nuclear Small modular reactor (100 MW) $9,196 $8,641 -6%

36



Operating Cost

Technology Subtechnology Fixed O&M Variable O&M
($/kW-yr) ($/Mwh)
Wind Onshore $59 S0
Offshore $165 S0
Solar PV Tracking $18 SO
Biomass Grate $155 S7
Municipal Solid Waste $162 SO
Tidal n/a $338 SO
Storage Li-lon Battery (1 hr) S8 SO
Li-lon Battery (4 hr) S27 SO
Compressed air $20 SO
Pumped Storage $32 SO
Coal Coal-to-gas conversion $37-545 S1
Coal-to-biomass conversion $152 S7
Natural Gas Combined Cycle $15 S3
Combustion Turbine - Frame $17 S7
Combustion Turbine - Aero $17 S7
Reciprocating Engine $27 S9
Nuclear Small modular reactor $140 S0

All O&M costs assumed to escalate at 2% per year.
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FUNDAMENTAL PRICE FORECASTS

Solid Fuel API 2

APl 4 Allegro Q4 2019

Northern Appalachian (NAPP)

Domestic Coal NSP Contract Pricing, escalated for Q4 2019
period beyond contract term.

2020 IRP ASSUMPTIONS SET 74
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SUSTAINING CAPITAL FORECKST -
THERMAL (BASE)

2020 IRP ASSUMPTIONS SET
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SUSTAINING CAPITAL FORECAST -
CTs

2020 IRP ASSUMPTIONS SET



SUSTAINING CAPITAL'FORECAST ="
SMALL HYDRO

The sustaining capital forecast for hydro assets are based on Q1 2020 Forecast (an update
of the Hydro Asset Study).

2020 IRP ASSUMPTIONS SET

96
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INTERCONNECTION COSTS

* Integration costs, such as the construction of synchronous condensers or other
transmission system stability requirements, will be modeled at a high level based on the
minimum services constraints discussed in the previous slides (e.g. a resource plan with X
MW of wind will require X MW of grid technology investments to provide grid services, if
the combination of other resources in the plan cannot provide sufficient levels).

* Transmission interconnection costs, which are the cost to connect a resource to the grid
to deliver energy/capacity, can vary significantly depending on the location of new
generation and/or storage resources.

* Estimating interconnection costs based on presumed locations may not accurately reflect
the cost of potential projects. As the IRP provides directional insight on the long-term
resource strategy, and not decisions on specific projects, presuming a location does not
provide particular value to informing the long-term strategy (and it could over or
underestimate the project specific interconnection costs required).

* NSPis proposing that should resources be identified as preferable through the analysis,
further detailed work can be conducted to estimate the value of various location options.

2020 IRP ASSUMPTIONS SET 101
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INTRODUCTION

* The following materials represent a preliminary working draft of the Input
Assumptions to be used in the 2020 IRP Modeling.

* These Draft Input Assumptions are being brought forward for discussion with
stakeholders.

* The details of these assumptions will continue to be further refined as the IRP
team addresses stakeholder feedback and reviews emerging information.

The final view of the Input Assumptions to be used in the 2020 IRP model will be
circulated to stakeholders on February 7, 2020, following discussion and
refinement.

2020 IRP ASSUMPTIONS SET
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2020 IRP ASSUMPTIONS
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Financial Assumptions Page 03
Load Assumptions Page 06
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Planning Reserve Margin Page 45
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2020 IRP:
FINANCIAL ASSUMPTIONS

JANUARY 28, 2020

2020 IRP ASSUMPTIONS SET
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FINANCIAL ASSUMPTIONS

Weighted Average Cost of Capital (WACC):*
Pre-tax = 6.62%
After-tax = 5.64%

Inflation Rate:

25-year Average = 2%

Based on Conference Board of Canada CPI growth forecast for NS

Revenue Requirement Profiles:

* Supply-side options that represent a capital investment require a revenue
requirement profile

* Revenue requirement profiles for input into Plexos will be developed outside
of the model using E3’s Pro Forma financial model

*Utility and Review Board M09498 — Approval of pre-tax WACC/AFUDC rate for both capital and non-capital matters

2020 IRP ASSUMPTIONS SET 4
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EXCHANGE RATES

US Foreign Exchange Rate

Il 1.31
USD/CAD

2020 is an average of 6 banks
2021 is an average of 5 banks
2022 and beyond is an average of 2 banks

2020 IRP ASSUMPTIONS SET



Nova Scotia Power IRP Final Report Appendix H Page 25 of 321

2020 IRP:
LOAD ASSUMPTIONS

JANUARY 20, 2020

2020 IRP ASSUMPTIONS SET
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LOAD ASSUMPTIONS OVERVIEW

The underlying data for the “Base Load Forecast” is based on NSP’s annual Load Forecast
Report, as filed with the UARB in 2019.

The “Scenarios” applied to the Base Load level are the DSM scenarios from E1’s Potential
Study work, as well as a “No DSM” scenario, which is required for calculated the Avoided
Cost of Demand Side Management.

The Sustainable Development Goals Act (which established a “net zero” goal for all
sectors by 2050) will likely drive significant electrification of other sectors (e.g. heating,
transportation, etc.). NSP’s consultants, E3, are working to understand the potential load
impacts of these levels of electrification, and whether they fit within the bounds of the
scenarios as proposed (e.g. the load with “No DSM” could in fact represent a scenario
where both electrification and energy efficiency is ongoing).

We will continue to discuss potential other scenarios with stakeholders.

2020 IRP ASSUMPTIONS SET
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BASE LOAD FORECAST WTTH
VARIATIONS

Energy Scenarios (GWh)

15,000
14,000
13,000

12,000

GWh

11,000

10,000

9,000

8,000

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045

DSM level  ==@=Llow —=@=—DBase == Mid «=@= \ax Achievable «=@==No DSM

2020 IRP ASSUMPTIONS SET
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Firm Peak Demand (MW)

PEAK DEMAND FORECAST

Firm Peak Scenarios (MW)

2,400

2,300

2,200

2,100 O

2,000

1,900

1,800 T
2019 2024 2029 2034 2039 2044
DSM level

=@=Base ==@=|l0w =0=Max Achievable =@=Mid ® Fixed (contracted) Peak DSM amounts

2020 IRP ASSUMPTIONS SET
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BASE LOAD FORECAST

Base Load Forecast assumptions include:

*  Economic forecast from Conference Board of Canada

e EV penetration based on conservative estimate of Electric Mobility Canada’s
growth model

* EVincludes estimate for peak mitigation

e 10-year average used for normal weather

2020 IRP ASSUMPTIONS SET

10



DEMAND SIDE MANAGERTERT TR ™"
THE LOAD SCENARIOS

The 4 DSM scenarios (Base, Low, Mid, Max Achievable) were subtracted from the
“no DSM” forecast.

2020-2022 in all scenarios is based on the current 3-year supply agreement. The 4
Potential Study scenarios were shifted to a starting year of 2023, after the current
agreement expires.

The scenarios are assumed to include all DSM, including:

* Cost-effective electricity efficiency and conservation activities provided by the

franchise holder

* Initiatives that may be pursued by NS Power as permitted under the Public

Utilities Act

e Consumer behaviour and investments
* Energy efficiency codes and standards
* Initiatives undertaken by other agencies

e Technological and market developments

2020 IRP ASSUMPTIONS SET
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2020 IRP:
ENVIRONMENTAL ASSUMPTIONS
(EXISTING & DEFINED POLICY)

JANUARY 20, 2020

2020 IRP ASSUMPTIONS SET
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APPLICABLE LEGISLATION

e Reduction of Carbon Dioxide Emissions from Coal-Fired Generation
of Electricity Regulations

* Regulations Limiting Carbon Dioxide Emissions from Natural
Gas-Fired Generation of Electricity

* Greenhouse Gas Emissions Regulations
* Greenhouse Gas Pollution Pricing Act
* Cap and Trade Regulations

* Clean Fuel Standard

2020 IRP ASSUMPTIONS SET
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APPLICABLE LEGISLATION (CONT.)

* Air Quality Regulations

* Renewable Electricity Regulations

The following slides provide an overview of each of the regulations
above as well as the current existing values of these policies. Scenarios
with varying degrees of change to these values will be examined (likely

mostly based on potential outcomes of the Sustainable Development
Goals Act). NSP will be discussing potential scenarios with stakeholders

in its January IRP workshop.

2020 IRP ASSUMPTIONS SET 14



REDUCTION OF CARBON"EMTSSTONS™
FROM COAL FIRED GENERATION

These Federal regulations require coal units to meet greenhouse gas (GHG)
emissions intensity of 420t/GWh (via conversion to other fuel) or shut down at
the end of “useful life”, as defined by the regs based on commissioning dates, and
would cause conversion or retirement by the following years for the NSP fleet:

Point Lingana, frenton 6
Trenton 5 Tupper 2,384 &Aiglnr:t

* Nova Scotia’s Equivalency Agreement with the Federal Government enables
NS Power to continue to operate coal units after these dates.

* SCENARIO NOTE: At least one modeling scenario will examine a portfolio
where all coal units are retired by Dec 31, 2029 in accordance with the 2018

Federal Coal Regulations.

2020 IRP ASSUMPTIONS SET
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GREENHOUSE GAS EMTSSTONS ™ ™™™
REGULATIONS

* These Provincial regulations stipulate GHG emission limits from
2010 to 2030 for all facilities in the province that emit greater than
10,000 tonnes GHG per year.

* Nova Scotia’s equivalency agreement with the Federal government
enables NS Power to meet the Greenhouse Gas Emissions
Regulations as opposed to the requirements of the Reduction of
Carbon Dioxide Emissions from Coal-fired Generation of Electricity
Regulations

* Nova Scotia’s equivalency agreement has been renewed from 2020-
2024 with agreement on future methodology from 2025-2040.

* Nova Scotia’s equivalency agreements must meet evolving Federal
requirements.

2020 IRP ASSUMPTIONS SET
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HARD CAPS*

6000
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4000

3000

2000

1000

CO2 Emission Hard Caps

.—.\L
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*Source: Greenhouse Gas Emission Regulations & Quantitative Analysis of 2019 NS
Equivalency Agreement

2020 IRP ASSUMPTIONS SET 17



GREENHOUSE GAS POLLUOTTON ™ ™"~
PRICING ACT

* This act is the implementation of the Federal carbon pollution
pricing system.

* Introduces an output-based pricing system (OBPS) for large
industrial emitters.

* Provinces are free to choose an OBPS or cap-and-trade system if
they meet the minimum Federal pricing and emissions reduction

targets.

* Nova Scotia has opted for a cap-and-trade system, therefore, this
act does not currently affect NS Power in the form of a carbon tax.

2020 IRP ASSUMPTIONS SET
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CAP AND TRADE PROGRAM
REGULATIONS

* Provincial regulations that outline framework and requirements for
cap and trade program.

* Stipulate free allocations for NS Power GHG emissions

* Meets the Federal Greenhouse Gas Pollution Pricing Act
requirements

Greenhouse Gas Free Allowances 2021-2022

GHG Free Allowances

Million tonnes

5.120
5.087

2020 IRP ASSUMPTIONS SET
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CLEAN FUEL STANDARD

* Federal government published a regulatory framework for the Clean
Fuel Standard which will apply to liquid, solid and gaseous fuels
combusted for the purposed of creating energy.

* Coal combusted at facilities covered by Reduction of Carbon Dioxide
Emissions from Coal-Fired Generation of Electricity Regulations will
be exempt

 Draft regulations have not yet been published.

* Expecting requirements for liquids to come into force by 2022 and
for gaseous fuels by 2023.

* For IRP, NSP expects “high” fuel price sensitivities to capture impact
of this standard (e.g. no explicit assumption required for modeling).

2020 IRP ASSUMPTIONS SET
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AIR QUALITY REGULATIONS

Provincial regulations that
stipulate NS Power emission
limits for Sulphur dioxide
(SO,), nitrogen oxides (NOx)
and mercury (Hg) from 2010
to 2030.

Outlines requirements for
mercury diversion program
and stipulates NS Power can
use credits for compliance
from 2020 to 2030.

2021-2022

2026 — 2029

Emissions Multi-Year Caps (502, NOx)

2015 -2019

(equal 304,500

outcome)

60,900

90,000

68,000

28,000

104,000

20,000

2020 IRP ASSUMPTIONS SET

96,140

14,955

56,000
11,500
44,000

8,800

Period
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(CONT.)

Individual Unit Limits (SO,)

SO, Individual
Year
Unit Limit (t

Emissions Annual Maximums (SO,, NOX)

SO, Annual NO, Annual

Maximum (t) Maximum (t)

2015 -2019 42,775

2015 - 2019 72,500 21,365 2020 — 2024 17,760
2021 - 2024 36,250 14,955 13,720
2026 - 2029 28,000 11,500 9,800

Mercury Emissions Caps

Hg Emission

Year

Cap (kg
2010 110

2011 100
85

2014 65
35
30

2020 IRP ASSUMPTIONS SET 22
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CAPS

16
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10

NOx Emission Hard Caps

—o— NOx Limit

2020 IRP ASSUMPTIONS SET
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CAPS

SO, Emission Hard Caps
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45

40

35

30

25

20

15

10

——S502 Limit
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FORECAST MERCURY EMTSSTON
HARD CAPS*

Hg Emission Hard Caps
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*Air Quality Regulations outline requirements for mercury diversion program and stipulates NS
Power can use credits for compliance from 2020 to 2030.

2020 IRP ASSUMPTIONS SET 25



er IRP Final Report Appendix H Page 45 of 321

RENEWABLE ELECTRICTTY
REGULATIONS

* Provincial regulations that require 40% renewable energy by 2020.

* Stipulates that no more than 350,000 dry tonnes of primary forest
biomass may be used annually to meet the standard.

* NS Power does not anticipate future specific renewable energy

standards (RES). Intent will have been met by drive to net-zero
carbon emissions from the Sustainable Development Goals Act.

2020 IRP ASSUMPTIONS SET 26
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2020 IRP:
NEW SUPPLY SIDE OPTIONS

JANUARY 20, 2020

2020 IRP ASSUMPTIONS SET
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SUPPLY SIDE OPTIONS OVERVIEW

* The assumptions for the costs of new bulk grid scale resources (capital costs
and fixed and variable operating costs) will be based on the E3 Resource
Options Study from the Pre-IRP Analysis.

* Since the Pre-IRP Work was completed, several of the public sources for
pricing assumptions have released late 2019 datasets. NSP and E3 are
reviewing these updates and will adjust to reflect these updates where
possible.

* The following slides summarize the “base case” prices from the Pre-IRP work.
The full report also includes “Low” price sensitivities to be tested.

* The assumptions for the cost of new distributed resources are in the following
section.

2020 IRP ASSUMPTIONS SET
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NSPI Resource Options Study

Nova Scotia Power
July 2019

Aaron Burdick, Sr. Consultant
Charles Li, Consultant

Sandy Hull, Sr. Consultant

Zach Ming, Sr. Managing Consultant
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Resource options study

approach




31

<+ In preparation for its upcoming integrated resource plan, NSPI has asked E3 to
provide guidance on resource costs and potential

IRP Study

« Cost: what are the costs (capital, O&M, fuel) associated with developing and operating each
new resource? What future changes are expected?

Performance: what are the operational constraints associated with each resource (e.g. hourly

profiles for wind/solar)

-

~

Resource potential + costs

-

Planning Reserve Margin

\ 4

~N

Potential: how much of the resource can be developed within Nova Scotia (or remotely)?

INPUTS MODELS STUDY RESULTS

-

~

Other Constraints

A 4

Long-term Planning Tools

(Capacity Expansion
Optimization)

\J

—/

\ 4

\ 4

Generation Portfolio

\ 4

Cost + other key metrics

\_

/
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+ Fixed costs: expenditures required to install and maintain generating capacity,
independent of operations

« Capital costs:
— Overnight capital cost (equipment cost, balance of systems, development costs, etc.)
— Construction financing

— Nominal interconnection costs (i.e. a short spur line, not longer lines required for remote renewables)
* Fixed O&M:

— Operations and maintenance costs incurred independent of energy production
— Insurance, taxes, land lease payments and other fixed costs

— Annualized large component replacement costs over the technical life (aka sustaining capital)

+ Variable costs: marginal costs for each MWh of generation, based on modeled
operations

* Variable O&M:
— Operating and maintenance costs (parts, labor, etc.) incurred on a per-unit-energy basis
* Fuel cost:
— Commodity costs for fuel ($/MMBtu * heat rate MMBtu/MWh = $/MWh)
+ Capacity factor: annual energy production per kW of plant capacity

* Used to estimate variable costs as well as the spread of fixed costs over expected generation

32



+ Fossil fuels: coal-to-gas, coal-to-biomass *,
natural gas (CC, CT, reciprocating engine, CC w/
carbon capture and storage)

1
+ Renewables: biomass, municipal solid waste, _\‘,_
solar PV, tidal, wind (onshore and offshore) p) : \

+ Energy storage: li-ion batteries, compressed air,

pumped hydro E

+ Emerging technologies: modular nuclear

* Conversion from coal is not an overly viable option. There has been pushback from running the existing NSPI
biomass facility, so the social license for biomass in NS may not exist.

33



Resource Costs Capital Costs |
Nova Scotia, 2019-2050 (Step 1) O&M Costs Fuel Prices

Resource Performance
Nova Scotia specific Factors

Local Capacity

Heat Rates Degradation

Financing Assur,nptlons NSPI Cost of Canadian Tax , ,
Based on NSPI Financing Capital Incentives Financing Terms

Levelized Cost Forecasts Levelized Costs
Costs to NSPI, 2019-2050 (Energy $/MWh, Capacity $/kW-yr)

34
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Capital Cost (2019 CAD $/kW)

Technology Subtechnology 2019 2030 % Change
Wind Onshore $2,100 $1,959 -7%
Offshore S4,726 $3,340 -29%
Solar PV? Tracking $2,250 $1,803 -20%
Biomass Grate S5,300 S5,010 -5%
Municipal Solid Waste $8,470 $8,470 0%
Tidal n/a $10,000 $10,000 0%
Storage Li-lon Battery (1 hr) S814 $S410 -50%
Li-lon Battery (4 hr) $2,325 $1,172 -50%
Compressed air $2,200 $2,200 0%
Pumped Storage $2,700 $2,700 0%

a Solar PV costs reported in S/kW-ac, reflecting an inverter loading ratio of 1.3

35
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Capital Cost (2019 CAD S/kW)

2019

2030

Technology
Coal

Natural Gas

Nuclear

Subtechnology
Coal-to-gas conversion (102 — 320 MW)
Combined Cycle (145 MW)

Combined Cycle w/ carbon capture and
storage (145 MW)

Combustion Turbine — Frame (50 MW)
Combustion Turbine — Aero (50 MW)
Reciprocating Engine (50 MW)

Small modular reactor (100 MW)

$127 - 237
$1,688

$3,376

$1,080
$1,755
$1,823
$8,073

§127 - 237
$1,609

$3,101

$1,031
$1,676
$1,823
$7,731

% Change
0%
-5%
-8%
-5%
-5%
0%
-4%
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Operating Cost

Technology Subtechnology Fixed O&M Variable O&M
($/kW-yr) ($/Mwh)
Wind Onshore $54 S0
Offshore $108 S0
Solar PV Tracking $20 S0
Biomass Grate $162 s7
Municipal Solid Waste $162 S0
Tidal n/a $338 SO
Storage Li-lon Battery (1 hr) S8 S0
Li-lon Battery (4 hr) S27 SO
Compressed air $20 SO
Pumped Storage $32 SO
Coal Coal-to-gas conversion $37-545 S1
Natural Gas Combined Cycle S14 S3
Combustion Turbine - Frame $12 S7
Combustion Turbine - Aero $17 S7
Reciprocating Engine $27 S9
Nuclear Small modular reactor $203 S0

All O&M costs assumed to escalate at 2% per year.
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2020 IRP:
DISTRIBUTED ENERGY
RESOURCES (DERs)

JANUARY 20, 2020
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DISTRIBUTED ENERGY

a Scotia Power IRP Final Report Appendix H Page 58 of 321

RESOURCES OVERVIEW

As the grid becomes increasingly decentralized and more customers adopt
distributed energy resources (DERs), long-term resource planners must
address issues associated with evaluating their impact on the electricity
system, including:

* DERs introduce both system-level and distribution-level costs and
benefits

* DERs can be deployed and operated by utilities or customers and
third parties

* Although adoption and generation decisions can be influenced
through incentives and rate design policy goals can also influence
adoption (e.g., RPS, CO, targets)

* Short panel of historical data and rapidly evolving technology
costs/performance exacerbate uncertainty around these resources.

* Capacity optimization models (as employed in the IRP), may not be
granular enough to capture cost/benefits, particularly locational
value.

2020 IRP ASSUMPTIONS SET
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DISTRIBUTED RESOURCES
MODELING

* Given the challenges with the scale of DERs vs the granularity of IRP modeling,
these resources will be examined via scenarios in the 2020 IRP (e.g. “plugs” of
DERs will be mandatory in some model runs to ensure they are examined even
if they would not have been economically selected based on the model
constraints).

* NSP will work with stakeholders to ensure both the costs and benefits of DERs
are evaluated at a reasonable level in the IRP.

* The proposed approach is for DERs to be accounted for in the model as a load
modifier, with costs and benefits separately evaluated/discussed in the
evaluation of each resource portfolio.
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DISTRIBUTED SOLAR:™COST ™"
ASSUMPTIONS

Capital Cost Decline Trajectory ($2019) Levelized Cost of Energy ($2019)
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Capacity Factor 12% 19%
S/kW,010 $3492 $3492
FO&M ($/kW-Yr) 21 22
Financing Lifetime (Years) 25 25
Degradation (%/year) 0.5% 0.5%
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BTM BATTERY STORAGE :""COST
ASSUMPTIONS

$/kWog16 $1021 $2533
FO&M ($/KkW-Yr) $8.34 27.35
Financing Lifetime 20 20
(Years)

Annual Warranty (% 1.5% 1.5%

of Capital Cost)

Annual 1.7% 2.7%

Augmentation (% of
Capital Cost Capital Cost Decline Trajectory ($2019)

$4,000 -

$3,500

$3,000

$2,500

/kW

v $2,000

$1,500

$1,000
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2019
2021
2023
2025
2027
2029
2031
2033
2035
2037
2039
2041
2043
2045

2020 IRP ASSUMPTIONS SET 42



Nova Scotia Power IRP Final Report Appendix H Page 62 of 321

ELECTRIC VEHICLES (EVSs)

* Currently, electric vehicle market share is low—across Canada penetration was
about 2.2% of sales in 2018, with sales in Nova Scotia much lower, at 0.18%."

* The pace of growth is difficult to predict and dependent on assumed cost
trajectories of input commodities and components, fuel price projections, and
marketing/rebate programs, among other factors

* Uncertainty around customer charging behavior in addition to adoption
amounts further complicates both the energy and demand forecasts

*EV sales source: https://emc-mec.ca/wp-content/uploads/EMC-Sales-Report-Rapport-de-ventes-M%C3%89C-2018.pdf;

All vehicle sales source https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=2010000201&pickMembers%5B0%5D=1.7
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ELECTRIC VEHICLES (EVs) (CONT.)

* For these reasons, some utilities are beginning to model a baseline level of EV
adoption in their planning processes, usually built off established government
or utility targets for near-term penetration, and then consider load growth
possibilities in higher electrification scenarios

* New federal rebates for zero-emission vehicles (ZEVs) implemented in 2019,
and the recent economy-wide “net neutral” by 2050 legislation, are likely to
increase EV adoption during the planning period. As described in the Load
Forecast section, E3 and NSP are evaluating potential impacts of this adoption.

* NS Power proposes to model bookended scenarios via load modifier approach
to compare resource needs both under a baseline adoption forecast and a
high electrification scenario.
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2020 IRP:
PLANNING RESERVE MARGIN

JANUARY 20, 2020
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*PLANNING RESERVE TMARGTN
AND CAPACITY VALUE STUDY

NS Power engaged E3 to undertake a PRM and capacity value study. This study
provides an update to several important assumptions to be used in the IRP
process to ensure an appropriate level of resource adequacy, so that it can
continue to provide reliable and affordable power to its customers.

Resource adequacy is the ability of an electric power system to serve load across
a broad range of weather and system operating conditions, subject to a long-run
reliability standard. The resource adequacy of a system thus depends on the
characteristics of its load—seasonal patterns, weather sensitivity, hourly
patterns—as well as its resources—size, dispatchability, outage rates, and other
limitations on availability such as the variable and intermittent production of
renewable resources.

While a variety of approaches are used, the industry best practice for resource
adequacy is to establish a reliability metric and target value and then calculate
what quantity of planning reserve are required to achieve that reliability target.

*Planning Reserve Margin and Capacity Value Study, Energy + Environmental Economics, July 2019
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PLANNING RESERVE MARGIN
(PRM)

Planning Reserve Margin (PRM)

* The quantity of planning reserves that should be held above the forecast
annual firm peak load, calculated as a % of annual firm peak

* Inorder to meet a 0.1 days/year loss of load expectation (LOLE) target, NSPI
should maintain between a 17.8% -21.0% planning reserve margin (PRM). The
range in target PRM is due to a higher and lower estimate of operating reserve
(“OR”) requirements for the NSPI system.

* NS Power is proposing to maintain its existing PRM of 20% as the base case
assumption, and iterate on portfolios to determine specific PRM requirements
as illustrated in the Analysis Plan overview.
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2020 IRP:
WIND, SOLAR, STORAGE AND DEMAND

RESPONSE — EFFECTIVE LOAD CARRYING
CAPACITY (ELCC)

JANUARY 20, 2020
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*EFFECTIVE LOAD CARRYING
CAPABILITY (ELCC)

* The information from the Planning Reserve Margin and Capacity Value Study
undertaken by E3 as part of the ‘Pre-IRP’ work will be used as the basis for the
ELCC assumptions.

* Dispatch-limited resources like wind, solar, storage, and demand response can
contribute effective load carrying capability (ELCC) toward meeting the
planning reserve margin requirement, but have diminishing returns as
additional capacity is added to the system to maintain reliability.

* The calculations of the ELCC for the portfolio of dispatch-limited resources are
included in the full E3 Study provided with the Pre-IRP Report.

*Planning Reserve Margin and Capacity Value Study, Energy + Environmental Economics, July 2019
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ELCC OF WIND

The average ELCC of the 596 MW of wind currently installed on the NSPI system is
19% or 111 MW. The ELCC value of adding new wind to the NSPI system is
measured by the marginal ELCC and is currently at 11%, meaning that each

additional MW of wind contributes 0.11 MW of firm capacity to PRM
requirements.

NSPI’s Average Wind ELCC NSPI’s Marginal Wind ELCC
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ELCC OF SOLAR

The NSPI system currently has a very small amount of solar capacity at only 1.7
MW which has an average and marginal ELCC of 5%. Solar has very limited ELCC in
Nova Scotia due to poor correlation with the net peak load hours, which primarily

occur on winter evenings. Beyond initial penetrations of solar capacity, the
marginal capacity value declines to 0%.

NSPI’s Average Solar ELCC NSPI’s Marginal Solar ELCC
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ELCC BATTERY STORAGE

NSPI’s Average Storage ELCC

NSPI’s Marginal Storage ELCC
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ELCC OF DEMAND RESPONSE

NSPI’s Average DR ELCC

These represent illustrative demand response (DR) programs
with different numbers of calls and durations. These results are
not meant to map directly to specific existing DR programs but
rather inform system planners of the ELCC value that a DR
program with similar attributes might provide. As with all the
previous results, DR exhibits diminishing average and marginal
ELCC values. The ELCC of a DR program will depend on its
specific characteristics.

NSPI’s Marginal DR ELCC
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2020 IRP:
DSM

JANUARY 20, 2020
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*ENERGY EFFICIENCY (EE)

Energy Efficiency (EE) data for the 25-year period (2021-2045) provided by
EfficencyOne’s (E1) Potential Study.

The data provided by E1 is proposed to be used in the IRP as a load modifier.
The load modifier approach has been used in past IRP’s.

A load modifier is depicted as a decrease in energy consumption/load as a
result of the increased energy efficiency.

The scenarios are assumed to include all DSM, including:

Cost-effective electricity efficiency and conservation activities provided by
the franchise holder

Initiatives that may be pursued by NS Power as permitted under the Public
Utilities Act

Consumer behaviour and investments
Energy efficiency codes and standards
Initiatives undertaken by other agencies
Technological and market developments.

*Data Provided by EfficiencyOne(E1) in 2019 Potential Study
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*ENERGY EFFICIENCY (EE)

*Data Provided by EfficiencyOne(E1) in 2019 Potential Study
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"DSM PEAK REDUCTION

*Data Provided by EfficiencyOne(E1) in 2019 Potential Study
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2020 IRP:
DEMAND RESPONSE

JANUARY 20, 2020
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*DEMAND RESPONSE (DR)

Demand Response (DR) programs for the 25-year period (2021-2045) have
been provided by E1’s Potential Study, along with the 3 specific programs
proposed by NSP in the Pre-IRP Work.

The data provided by E1 could be used as a load modifier or as a resource
option (bundled options).

The load modifier approach had been used in past IRPs. A load modifier is
depicted as a decrease in energy consumption/load as a results of the
increased energy efficiency.

*Data Provided by EfficiencyOne(E1) in 2019 Potential Study
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*DEMAND RESPONSE [DR)
(CONT.)

* The resource option approach would allow Plexos to optimize which DR
options to select and requires additional details/ a break down of the
programs provided by E1 as well as additional time to construct the required
bundling options (i.e. construct bundles, costs, profile or load reductions)
when compared to the load modifier approach.

Demand Response can be largely broken into two buckets: Load Management and
Demand Management.

* Load Management is often utility-controlled and dispatchable and is used to
temporarily reduce peak load.

*  Demand Management is usually customer-controlled and is managed by
utilities in rate structures (such as Time Of Use or TOU).

*Data Provided by EfficiencyOne(E1) in 2019 Potential Study
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DR bundles to be
screened for
consideration as
Plexos
Optimization
Resource Options.

DR bundles to be
evaluated within the
Load scenarios.

DO © | O

DR Option

DLC-Direct Load
Contral

BN Curtailment

BT Battery Cortrol
EY Charging Contral

Critical Peak Pricing
(CPP)

Behavioural Demand
Response (BDR)
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*DR OPTIONS SUMMARY (E1)

Bnef Description Classes

Control of electric loads by a thermostat andfor Residential

load contral switch,

Firm capacity reduction commitment. kW
payment based on delivered capacity,

administered through third-party aggregators. Irterruptible
|Use of batteries for load shifting and Al classes
dispatching to the grid.
Charging modulation to reduce EV demand
: ; R
during peak periods

A rate schedule with significantly higher peak

prices to discourage consumption during peak All classes
times
Targeted notifications and incentives are

provided to customers to encourage peak Residential

shaving

Eligible Customer

Small Commercial
small Industrial

Large Commercial
Large Industrial

End Use

Electric Fumace *
Heat purnp ¢
HWAC S
Hot Water
HWVAC
Lighting
Water Heating

Total Facility
Batteries

EV

Total Facility

Total Facility

Source: Navigant

*Data and further details can be found in the EfficiencyOne(E1) in 2019 Potential Study
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DR OPTIONS SUMMAKY (NS
POWER)

Program Peak shaving Customer Participation NSP Total
potential Incentive ! Scenario (in Program Costs
(kW/device) year 25) (25-yr)
Water Controller installed on 0.5 $25 enrollment, Cumulative 50,779  $1.4M/MW
Heater customer WH and used $25/yr when participants (10%
during peak shifting compliant to of market),
events program criteria 27 MW peak
shaving potential
EV Supply Customer owned and 0.7 $150 enrollment, Cumulative 89,704  $0.75M/MW
Equipment installed EVSE with S50/yr when participants (70%
peak shifting compliant to of market), 63
participation incentives program criteria MW peak shaving
potential
Residential Customer contribution 2.5 $2500 customer Cumulative 4000 $7.16M/MW
Battery comparable to diesel contribution, participants, 6.25
generator installation, Balance of battery MW peak shaving
utility control for up to cost covered by potential
defined number of NSP and funding
system peak events where available.
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DR OPTIONS SUMMAKY (NS
POWER) CONT.

Water Heater DR Enrollment and Costs
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DR OPTIONS SUMMAKY (NS
POWER) CONT.

Smart Charger DR Enrollment and Costs

$80,000,000 100000

$70,000,000 90000

80000
$60,000,000 -
70000 g
o

-

2 $50,000,000 60000 @
o £
o
E $40,000,000 50000 +
o 35
%D o
& $30,000,000 40000 3
30000 2
$20,000,000 ()

20000

$10,000,000 10000

| § y R R P - = o= - ar o o a» o
$0 - 0
1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Year, starting 2019
Cumulative Customer Enrollment — e Cumulative Program Cost (S) e= e= Yearly Program Cost ($)

2020 IRP ASSUMPTIONS SET



al Report Appendix H Page 84 of 321

DR OPTIONS SUMMAKY (NS
POWER) CONT.

Residential Battery DR Enrollment and Costs
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2020 IRP:
IMPORTS

JANUARY 20, 2020
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SUMMARY - FIRM IMPORTS

e Firm imports could support the transition to lower GHG emissions and the
replacement of coal-fired generation capacity via greater regional
interconnection.

* Firm Transmission is required for each option and is obtained via existing
transmission or assumed new transmission, depending upon the import
source and assumption regarding existing transmission availability.

* Firm transmission capability is the amount of electricity that can be
delivered in a reliable manner after consideration of surrounding
system loads, voltages and stability conditions.

* Non-firm transmission is the additional capability that can be used
for energy delivery from time to time but is subject to curtailment
under different system conditions.
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SUMMARY - FIRM IMPORTS
(CONT.)

Firm Import Options :

*  Access to firm capacity via existing transmission up to ~150 MW firm;
and/or,

*  Access to firm capacity via new transmission build up to ~800 MW firm.

Non-Firm Import Options:

* Import energy via existing transmission (Maritime Link and New
Brunswick tie-line); and/or,

* Import energy via new transmission per above.

2020 IRP ASSUMPTIONS SET 68



RP Final Report Appendix H Page 88 of 321

ENABLING TRANSMISSTON
INVESTMENT

The Qualitative Benefits of Transmission:

* Enhanced system reliability (voltage support, reserve sharing, etc.).
* Expansion of renewable generation integration.

* Option Value (greater market access through congestion reduction; supplier
alternatives support energy purchase negotiations).

*  When coupled with an energy and capacity contract, the opportunities are
expanded.

Quantitative Benefits of accompanying energy and capacity contract :

* Firm capacity import enabler (to support coal capacity retirement).
* Renewable energy imports (to reduce air emissions and avoid carbon costs).

* Expanded economic energy imports.
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PRICING FOR FIRM IMPORTS

* Pricing for capacity provision is based on Platts Analytics forecast.
e Pricing for energy provision derived from Platts Analytics forecast.

* Allimport energy options will be priced as sourced by “clean energy” options
(i.e. no associated carbon dioxide emissions)
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2020 IRP:
FUEL PRICING

JANUARY 20, 2020
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SERVICE PROVIDER

S&P Global Platts analytics (formerly PIRA Energy group)

* Long time service provider to NSPI
*  World-wide perspective and insight

* Forecasts utilized in Maritime Link, 2009 IRP and 2014 IRP

Forecasting approach

* NS Power Fuels, Energy & Risk Management (FERM) utilised commercially
available long-term prices forecasts for Natural Gas, Oil and Power which it
subsequently adjusted for delivery to NS based on:

* Current and Expected Transportation (Transmission) Costs and Tolls

* Market Insight and Proprietary Views on Long-Term Market
Development, including High, Low and Expected Scenarios (by third
parties and NSPI)
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FUNDAMENTAL PRICE FORECASTS

Nat. Gas (N.A.) Henry Hub
S&P Global Platts’” Analytics
(LNG) TTF, Spot (International (formerly PIRA Energy Group )
Natural Gas) Scenario Planning Service Quarterly Q4 2013
JKM (Asian Natural Gas) Update
AECO Basis S&P Global Platts’” Analytics JUNE 2019
Dawn Basis (formerly PIRA Energy Group ) (LT)
S&P Global Platts’ Analytics NOV 2019
(formerly PIRA Energy Group ) (ST)
Fuel Oil New York Harbour S&P Global Platts” Analytics Q4 2019
(formerly PIRA Energy Group )
Scenario Planning Service Quarterly
Update (Brent)
InterContinental Exchange (ICE) DEC 2019
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2020 IRP:
FUEL PRICING (NATURAL GAS)

JANUARY 20, 2020
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NATURAL GAS OPTIONS -

ia Power IRP Final Report Appendix H Page 94 of 321

SUMMARY

NS Power’s 2020 IRP will evaluate natural gas units (combustion
turbines/combined cycle/reciprocating units/steam turbines) as potential
capacity replacements for the aging coal fleet for either economic or policy
reasons;

Continuing improvements in natural gas plant flexibility, fuel efficiency and
fuel supply is leading to, in certain jurisdictions, competitive advantages over
coal, particularly given the faster pace of grid operations driven by variable
generation;

Gas typically plays a role in backing up renewables- especially during the
extremes when wind and solar could be at a minimum;
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NATURAL GAS OPTIONS =
SUMMARY (CONT.)

While the installed cost of new gas units are well documented, the all-in
levelized cost of energy is subject to significant uncertainty associated with the
delivered cost of natural gas, particularly given the supply constraints in Nova
Scotia;

During peak winter conditions, heating demands from firm natural gas
customers in the Northeastern U.S. and Eastern Canada increase natural gas
demand, create upward pressure on prices, and limit the amount available to
customers who do not have firm pipeline contracts;

With the shutdown in production from domestic sources (Sable Island and
Deep Panuke), Nova Scotia will be reliant on natural gas imported via U.S.
pipelines, LNG tankers, or an all Canadian Path, via Western Canada;
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NATURAL GAS OPTIONS =
SUMMARY (CONT.)

New natural gas plants must have a firm source of gas supply to reliably
generate power during winter peaks;

Operational Mode/utilization must be considered (i.e. primarily for capacity or
for energy and capacity);

Three supply paths have been developed that consider existing supply
arrangements and compare and contrast possible new paths to move gas to
Nova Scotia for possible new gas units as represented in the system
optimization.

2020 IRP ASSUMPTIONS SET

77



Nova Scotia Power IRP Final Report Appendix H Page 97 of 321

NATURAL GAS PRICE
ASSUMPTIONS

The three supply paths developed are:

Option 1: Existing Gas (TCPL Empress-East Hereford via North Bay Junction-
tolls modelled as a fixed cost)

* Existing 20,000 MMBtu/day pipeline capacity
Option 2: Peaking Gas (LNG Winter-Dawn plus Tolls Summer)

* Unlimited LNG sourced from Repsol’s Canaport terminal in the winter,
up to 100,000 MMBtu/day sourced at Dawn in the summer

Option 3: Base Loaded Gas (New supply sourced at AECO plus tolls)

* Up to 100,000 MMBtu/day

* Fixed Cost adder to be applied to gas units in model for this option.

For each options, 3 scenarios have been priced: Base Case (Expected), High
Case, and Low Case.
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FUNDAMENTAL NAT GAS SCENARIOS

(S&P GLOBAL PLATTS ANALYTICS)
HENRY HUB

Likelihood Highlights

(S&P Global)

Base Case 50% -US Demand growth expected to slow post 2020

(Expected) -Gas consumption in the power sector has become saturated
-More locations are banning or restricting the use of gas
-The US technically recoverable resource was raised to 3,024 TCF an
increase of 560 TCF, the largest change ever
-Prospects for additional LNG export terminals achieving FID have
increased with the apparent progress in US/China trade talks

High Case 25% -Prolonged pipeline/regulatory review process impede future
infrastructure expansion
-Tightened environmental/regulatory policy inhibits shale gas & oil
development.
-Accelerated US coal/nuclear retirement and/or increased US
electricity demand increase demand for gas
-Increased N. American LNG export capability along with less new
global capability

Low Case 25% -Associated gas tied to liquids rich production is more abundant than
currently envisioned (will have to be tied to pipeline additions)
-Shale gas production surprises to the upside
-Non-fossil fuel electric generation grows at a faster rate than forecast
-LNG exports from the US face stiffer offshore competition
-More anti-fossil fuel sentiment limits electric and industrial demand
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NS CASE DEVELOPMENT (NAT GAS)

Highlights

Existing Gas:
TCPL North Bay
Junction

Peaking Gas:
LNG Winter-
Dawn Summer

Baseload Gas:
from AECO

-20,000 MMBtu/day pipeline capacity contracted starting Nov 1, 2021 for 15
years, with an assumed extension to cover the full IRP modeling period
-Fixed tolls from Empress to North Bay Junction for the 25 years
-Base/High/Low pricing

-Unlimited LNG winter supply; 100,000 summer supply

-Swing gas for daily dispatch, no long term contract/pipeline commitment
underpinning

- Base/High/Low pricing

-Up to an additional 100,000 MMBtu/day firm contract
-Base/High/Low pricing
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NATURAL GAS - EXISTING GAS

ppendix H Page 100 of 321

(TCPL NBJ 20,000 MMBTU/DAY)

Delivered
Price

Base

Low

High

i

Henry Hub

Source: Global Platts
Analytics (4Q2019)
Reference Case

Henry Hub

Source: Global Platts
Analytics (4Q2019)
Low Case

Henry Hub

Source: Global Platts
Analytics (4Q2019)
High Case

AECO

Source: Global
Platts Analytics
(June 2019)

AECO

Source: Global
Platts Analytics
(June 2019)

AECO

Source: Global
Platts Analytics
(June 2019)

Transportation

Fuel & Tolls Nova + Fuel &
Tolls Westbrook to Tufts
Cove modelled as variable,
TCPL Empress to E. Hereford
and PNGTS to Westbrook
modelled as fixed costs

Fuel & Tolls Nova + Fuel &
Tolls Westbrook to Tufts
Cove modelled as variable,
TCPL Empress to E. Hereford
and PNGTS to Westbrook
modelled as fixed costs

Fuel & Tolls Nova + Fuel &
Tolls Westbrook to Tufts
Cove modelled as variable,
TCPL Empress to E. Hereford
and PNGTS to Westbrook
modelled as fixed costs

Market
Premium

Nil

Nil

Nil
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NATURAL GAS - PEAKTNG GAS
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(LNG WINTER, DAWN SUMMER)

Delivered

Price

Base Winter

Base Summer

TTF Spot

Source: Global
Platts Analytics
(4Q2019)
Reference, Low or
High Case

Henry Hub

Source: Global
Platts Analytics
(4Q2019)
Reference, Low or
High Case

Dawn

Source: Global Platts
Analytics (June 2019)
Reference, Low or High Case

Transportation | +| Market
Premium

Fuel & Tolls: LNG Regasification
Baileyville to cost US $2.50/MMBtu
Tufts Cove

Fuel & Tolls: Nil

Dawn to Tufts

Cove

Source: Current or
negotiated Tolls
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NATURAL GAS - BASELOAD

Market
Premium

Transportation

Delivered Commodity
Price

Base Henry Hub + AECO + Tolls Nova to Tufts Cove + Nil

Source: Global Platts
Analytics (4Q2019)
Reference Case

Source: Global
Platts Analytics
(June 2019)

modelled as fixed costs
Fuel & Usage Nova to Tufts
Cove modelled as variable

costs
Low = Henry Hub AECO Tolls Nova to Tufts Cove + Nil
modelled as fixed costs
Source: Global Platts Source: Global Fuel & Usage Nova to Tufts
Analytics (4Q2019) Platts Analytics Cove modelled as variable
Low Case (June 2019) costs
High = Henry Hub AECO Tolls Nova to Tufts Cove + Nil

Source: Global Platts
Analytics (4Q2019)
High Case

Source: Global
Platts Analytics
(June 2019)

modelled as fixed costs
Fuel & Usage Nova to Tufts
Cove modelled as variable
costs
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OTHER ALTERNATIVES

*  Other possible natural gas supply arrangements are possible, however not
every potential supply arrangement can be tested in an IRP model, as it would
result in modeling complexity that may prove unsolvable

e Other possible arrangements that are not included in the IRP include (but are
not limited to):

1. Dual Fuel capability
2. Natural Gas Storage
3. LNG Alternatives

* Should the IRP Action Plan indicate further investment in natural gas
resources, these options can be considered in a more detailed analysis to
determine optimal supply sources following the conclusion of the IRP.
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DUAL FUEL CAPABILITY

Given the known challenges associated with securing a cost-effective firm natural
gas supply source, the economics and permit ability of ULSD oil use in lieu of high
cost of pipeline infrastructure would be considered in the future if natural gas

units prove to be a no-regrets supply option in the IRP.
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DUAL FUEL CAPABILITY (CONT.)

Benefits

* State-of-the-art combined-cycle plants and peakers can burn ULSD, kerosene
or distillate oil efficiently without jeopardizing the cycling range and quick-
start capability associated with the technologies

* Use of oil to support a reliable fuel supply portfolio would supplant natural gas
when delivery constraints arise

* Oil supply arrangements are much more flexible than those associated with
firm gas because they do not require major infrastructure expansions to
enable delivery
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DUAL FUEL CAPABILITY (CONT.)

Challenges

Duel-Fuel capability has an assumed cost adder of 7%

Switching on the fly from natural gas to oil or vice versa poses operational
challenges and can jeopardize unit availability

Increased emissions associated with burning oil in lieu of natural gas for fuel
assurance

Qil refill during the peak heating season has proved challenging for both
barge- and truck-delivered oil supply during cold snaps
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DUAL FUEL CAPABILITY (CONT.)

Challenges

Increased Compliance Cost - Switching from gas to ULSD or HFO when pipeline
constraints into or within Nova Scotia prevent the use of gas will increase CO,
emissions during those events by a factor of roughly 50% on a tonnes per
MWh basis

Tank farm permitting

Challenging to model in the long term due to the granularity needed to test
value proposition
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NATURAL GAS STORAGE

* AltaGas is developing an underground gas storage facility in Alton, Nova Scotia,
which would be connected to M&NP pipeline

* Heritage Gas Ltd. has contracted for the first phase of capacity

* |t is possible that NS Power could contract for capacity — the economics of
usage would need extensive analysis (e.g. the amount of turns and resultant
withdrawal rates, etc.)

* As per the Dual Fuel Capability option, NS Power will study this option in detail
if new gas units are part of the IRP recommendation
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LNG ALTERNATIVES

As an alternative to traditional pipeline transportation, a number of companies
have begun to develop “virtual pipelines” by shipping LNG or compressed natural
gas (CNG) via truck or boat to sites that do not have pipelines connections or
cannot receive gas due to pipeline constraints.
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2020 IRP:
SUSTAINING CAPITAL

JANUARY 28, 2020
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SUSTAINING CAPITAL FORECAST -

COAL UNITS

* The sustaining capital cost Base forecast assumes a high utilization factor (UF)
for all thermal units, which will represent the forecast investment required to
address wear on components driven by a high capacity factor, cycling,
operating hours, flexible use, or a combination thereof (i.e. the uses of the
machines that drive the highest investment requirements)

* The high UF puts all the units on an equal basis in terms of their operation in
order to appropriately compare economics.

* NSP proposes that the High and Low sustaining capital cost sensitivities will
assume the following:

* High = Base + 50%

* Low =Base—-25%
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SUSTAINING CAPITAL FORECAST -
COAL (BASE)

Sustaining Capital - High UF (Nominal $)
Base Forecast
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SUSTAINING CAPITAL FORECAST -
CTs
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SUSTAINING CAPITAL FORECAST —
SMALL HYDRO

* The sustaining capital forecast for hydro assets will be based on the Hydro Asset Study.*

*Updated project cost estimates for Wreck Cove LEM and Mersey redevelopment projects will be provided to
stakeholders during the Assumptions workshop.
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2020 IRP:
RENEWABLE INTEGRATION REQUIREMENTS

JANUARY 20, 2020
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SUMMARY

* Unlike previous IRPs, the next 25 years will likely be characterized by a drastic
transformation in the electric utility business as it moves further towards
complete decarbonization.

* Theories and physics of Power Systems were developed around synchronous
machines that were the backbone of the power system for a very long time.

* This IRP will test the retirement of major large synchronous generators with
replacement by inverter-based non-synchronous generation (or other lower
emitting generators).

* The retirement of coal fired generators will not only impact the system
adequacy (capacity and energy) but also will create a major shift in the
provision of essential grid services which have historically been provided as
ancillary benefits of large synchronous machines.
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SUMMARY (CONT.)

* For IRP modeling, assumptions about cost and operational constraints to
address these services will be considered. The assumptions have been
developed by NS Power and its consultants using the PSC Stability Study from
the Pre-IRP Work as the basis for assumptions. Further detailed study to
establish firm opportunities and constraints for inverter-based energy sources
will continue to be required as the system changes.

* Dispatch cases of selected resource plans will be tested via transient stability

and system dynamic studies in the “operability screening” phase of the
modeling, as described in the Analysis Plan.
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SUMMARY (CONT.)

* For the NS Power system, the following has been identified as the grid services
that need to be addressed to accommodate additional inverter-based
generation to maintain stable and secure operation of the system.

Ramping reserve and net load following capabilities

System strength and short circuit ratio

Volt-Ampere-Reactive support

Kinetic energy and synchronous inertia requirement

= Avalue for the minimum requirement of each of these essential grid services
will be represented in the model as dynamic constraints, which will enable the
model to integrate renewable resources at any level by ensuring provision of
the services.
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Alternative
RESOURCE ENERGY AUTHORITY
m:i;\g!?;\:tcem Planning

Nova Scotia Power Inc
Delivered via email to mila.milojevic@nspower.ca

14 February 2020
Re: Letter of Comment Regarding Current IRP’s Input Assumptions
Dear Mila,

The Alternative Resource Energy Authority (AREA) would like to thank NSPI for soliciting feedback on its input
assumptions for the integrated resource plan (IRP). We offer the following written comments to (i) complement our
verbal input during the in-person sessions, (ii) restate some items we feel remain unaddressed and (iii) to provide our
perspective on IRP work that NSPI has alluded to using to alter rates utilized by our organization and our affiliates.

Thank you for confirming that NSPI understands that local developers believe that wind and solar facilities can be
constructed for prices lower than the estimates proposed for the base case. It is our understanding that NSPI believes
that publicly available reports cannot confirm the estimates provided by local stakeholders. While we welcome NSPI’s
inclusion of the local construction estimates as a “low cost of renewables case”, we continue to feel that this designation
leads the reader to believe that such a scenario has a lower probability of occurring. If NSPI can clearly state in future
reports that local developers strongly believe that the “low cost of renewables” scenario prices are easily achievable,
AREA will accept the way NSPI proposes to advance. AREA also believes that the provided documentation does not
indicate at what project size the costing is associated, which would be helpful to the reader.

AREA continues to stress that we believe the process provides no consideration for lower-cost, non-NSPI financing. We
note that NSPI lists this AREA-identified issue in prior materials submitted by NSPI to the NS Utility and Review Board,
but we can only find assumptions related to NSPI’s financing costs in the updated documentation for which you seek
comments by 14 February 2020. Therefore, AREA believes NSPI has not fully incorporated our request to study
alternative, lower costs of capital and if the use of such enables Nova Scotia to decarbonize quicker than using NSPI’s
ownership assumptions.

Paul Chernick, President of Resource Insight and representing the Consumer Advocate, in his email dated 7 February
2020 highlights important and germane issues associated with NSPI’s inequitable treatment of renewable generation’s
ELCC relative to conventional generation. AREA supports the process to seek answers to Mr. Chernick’s rightly identified
issues, which should conclude before the scenario modelling commences.

AREA believes that ratepayers would realize financial benefit from NSPI exceeding targets and selling surplus
environmental attributes into various markets or other sectors of the local economy. Specific to Nova Scotia and as one
example, NSPI could enable the Province to achieve overall carbon reduction targets because decarbonization efforts
are more cost effective in the electricity sector than in the transportation sector. Therefore, it is likely that the
transportation sector could purchase environmental attributes from NSPI at prices cheaper than it could otherwise and
such additional revenue streams could benefit NSPI ratepayers. AREA staff proposed this concept during the latest in-
person meeting but we believe it was confused with the concept of calculating the cost of carbon in scenarios that focus
only on NSPI’s constraints. AREA requests that NSPI consider modelling additional decarbonization efforts in each
scenario and at what price other sectors would need to pay NSPI to affect such additional decarbonization.

Alternative Resource Energy Authority, c/o Town of Antigonish
274 Main Street, Antigonish NS B2G2C4

AREA Memo February 14, 2020 Page 1 of 3
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With respect to IRP work that NSPI has alluded to using to alter various rates, Page 49 of Nova Scotia Power’s 2020 IRP
Assumption Set states the following:

e The information from the Planning Reserve Margin and Capacity Value Study
undertaken by E3 as part of the 'Pre-IRP' work will be used as the basis for the ELCC
assumptions.

e Dispatch-limited resources like wind, solar, storage, and demand response can
contribute effective load carrying capability (ELCC) toward meeting the planning
reserve margin requirement, but have diminishing returns as additional capacity is
added to the system to maintain reliability.

e The calculations of the ELCC for the portfolio of dispatch-limited resources are
included in the full E3 Study provided with the Pre-IRP Report.

And Page 50 of the Assumption Set states:

The average ELCC of the 596 MW of wind currently installed on the NSPI system is 19%
or 111 MW. The ELCC value of adding new wind to the NSPI system is measured by the
marginal ELCC and is currently at 11%, meaning that each additional MW of wind
contributes 0.11 MW of firm capacity to PRM requirements.

In its recent 2020 Annually Adjusted Rates Application filed with the Nova Scotia Utility and Review Board on October

22,2019, Nova Scotia Power stated at Pages 16 and 17 as follows:

“As in previous years, NS Power proposes to continue to use 32 percent capacity
contribution factor for wind generation for the billing purposes in 2020. This factor has
been approved for use by the Board in 2009 on the basis of the then used premise by NS
Power that the capacity factor of wind generation represented a proxy for its
contribution to the system peak. NS Power has revisited its methodology since then in
favor of a statistically measured direct contribution of wind generation to the system
peak. As a result, the capacity contribution of wind generation used by NS Power's
generation planning was lowered to 17 percent for its existing wind resources, both ERIS
and NRIS. NS Power has recently completed a pre-Integrated Resource Planning
Capacity Study concerned with calculation of the Effective Load Carrying Capability
(ELCC) of wind and other renewable energy generators, both for the existing and
potential new wind resources. Once 2020 IRP process is completed, NS Power will revisit
justification for the continued applicability of the 32 percent capacity contribution factor
for BUTU billing purposes.”

We wish to specifically note that the 2020 IRP process is not the appropriate avenue for consideration of the applicable
value to be used in the Back-Up/Top-Up (BUTU) Tariff, as the IRP is a generic planning process rather than a rate design

process. Regardless of what capacity contribution of wind generation for Nova Scotia Power’s overall generation

Alternative Resource Energy Authority, ¢/o Town of Antigonish
274 Main Street, Antigonish NS B2G2C4
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planning is utilized in the IRP process this should not be considered the appropriate figure to be used for the BUTU Tariff

which is designed for a specific purpose and tied to specific non-Nova Scotia Power generation facilities.

We wish to make it clear that we will not be addressing matters directly related to the BUTU Tariff as part of the IRP

process nor do we see the IRP process as the appropriate venue for consideration of such issues.

Thank you for considering our input.

Regards,

Aaron Long
Director of Business Services

Cc:

Lia MacDonald, Senior Director Enterprise Asset Management, NSPI

Nicole Godbout, Director of Regulatory Affairs, NSPI

Jeffrey Lawrence, Chief Administrative Officer, Town of Antigonish; Secretary, AREA, jlawrence@townofantigonish.ca
Mike Payne, Chief Administrative Officer, Town of Berwick, mpayne@berwick.ca

Dylan Heide, Chief Administrative Officer, Town of Mahone Bay, Dylan.heide@townofmahonebay.ca

Lindsay Basinger, Act. Dir. of Corp. Services, Town of Antigonish; Treasurer, AREA, lbasinger@townofantigonish.ca
Don Regan, Manager Town of Berwick Electric Commission, dregan@berwick.ca

Alternative Resource Energy Authority, c/o Town of Antigonish
274 Main Street, Antigonish NS B2G2C4
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2020 NOVA SCOTIA POWER INTEGRATED RESOURCE PLAN

COMMENTS ON THE ASSUMPTIONS AND THE DRAFT ANALYSIS PLAN
Submitted jointly by the Canadian Wind Energy Association (CanWEA) and the Canadian
Solar Industries Association (CanSIA), February 14, 2020

About CanWEA and CanSIA

The Canadian Wind Energy Association (CanWEA), is the voice of Canada's wind energy industry, actively
promoting the responsible and sustainable growth of wind energy. A national non-profit association,
CanWEA is Canada's leading source of information on wind energy's social, economic, health and
environmental benefits for Canadian communities and provincial economies. Established in 1984,
CanWEA represents the wind energy community — organizations and individuals who are directly
involved in the development and application of wind energy technology, products and services

The Canadian Solar Industries Association (CanSIA) is a national trade association that represents the solar
energy industry throughout Canada. Since 1992, CanSIA has worked to develop a strong, efficient, ethical
and professional Canadian solar energy industry with capacity to provide innovative solar energy solutions
and to play a major role in the global transition to a sustainable, clean-energy future.

On November 28%", 2019, the members of both CanSIA and CanWEA voted overwhelmingly to amalgamate
the two organizations into a new multi-technology association focused on wind energy, solar energy and
energy storage. The new organization will officially launch on July 1, 2020. In the meantime, CanSIA and
CanWEA will work hand-in-hand to represent wind, solar and energy storage in Nova Scotia.

Comments

The Canadian Wind Energy Association (CanWEA) and Canadian Solar Industries Association (CanSIA)
appreciates the opportunity to present these comments on Nova Scotia Power’s (NS Power’s) 2020
Integrated Resource Plan (IRP). The comments offered below pertain to the 2020 IRP Draft Analysis Plan
and the 2020 IRP Draft Assumptions Set, both of which were discussed in a webinar and meeting held on
January 28, 2020. Specifically, we offer comments on four issues: (1) the proposed IRP evaluation criteria;
(2) ensuring appropriate assumptions regarding wind and solar integration alternatives; (3) contrasting
LCOEs for different resource alternatives with market data and available price benchmarks; and (4)
outlining the rationale for the natural gas pricing scenarios.

The 2020 IRP Draft Analysis Plan contained seven proposed evaluation criteria on page 4: (1) minimization
of the cumulative present value of annual revenue requirements; (2) magnitude and timing of electricity
rates; (3) reliability requirements to ensure supply adequacy; (4) provision of essential grid services for
system stability and reliability; (5) plan robustness or ability of plan to withstand plausible changes to
assumptions; (6) reduction of greenhouse gas and other emissions; and (7) flexibility. CanWEA and CanSIA
are generally supportive of these evaluation criteria. However, we are concerned that risk might not be
receiving sufficient attention. We understand that plan robustness will assess risk by evaluating how
changes to assumptions affect the performance of other criteria. Nonetheless, economic and price
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considerations are reinforced by the consideration of two metrics (i.e., revenue requirements and rates)
as are reliability considerations (reliability requirements and essential grid services). We understand that
ultimately the critical issue will be the weight given to plan robustness as well as how the sensitivity
analyses that will be used to assess plan robustness are applied. It will be important to ensure that these
sensitivities reflect the underlying potential variability of these different key assumptions and recognize
how the modular nature and extensive experience with respect to some technologies dramatically reduce
their underlying risks and potential variability of their costs.

A number of parties participating in the January 28" webinar commented on the importance of utilizing
realistic assumptions regarding wind integration strategies and their corresponding costs. There’s a
considerable body of evidence regarding wind and solar integration best practices. It is essential that NS
Power’s IRP reflects these best practices given that E3 analysis indicates that onshore wind is the least-
cost resource today (E3, NSPI Resource Options Study, p. 15). This includes the application of the full
possible range of wind and solar integration strategies including:

(1) ensuring system operations reflect best practices including employing an expanded balancing footprint
and joint system operations. CanWEA and CanSIA understand that NS Power and NB Power employ joint
system operations. Broader geographic areas facilitate wind and solar integration. While CanWEA
recognizes that there is limited geographic diversity offered by the wind regimes in New Brunswick and
Nova Scotia, a broader electricity market should assist with wind and solar integration and needs to be
recognized in wind and solar integration studies, particularly given the joint dispatch arrangement
between NS Power and NB Power.

However, further expansion is possible recognizing the size of the ISO-NE market and the diversity offered
by better integration with that market. In addition, sub-hourly scheduling and dispatch such as the Ontario
IESO employs would reduce wind and solar integration costs. Finally, ensuring that real-time forecasts of
wind and solar energy output reflect best practices and minimize the resulting forecast error and
corresponding requirements for regulation reserve also will minimize wind and solar integration costs.

(2) utilizing demand response strategies to facilitate the integration of wind and solar energy. This includes
using space and water heating as a form of energy storage with space and water heating devices switching
on during high wind output periods or switching off when wind generation drops significantly. NS Power
participated in the PowerShift Atlantic project, which used load and wind forecasting and aggregation
capabilities to perform near real-time load shifting of commercial and residential loads and provide new
ancillary services to the grid.

Electrification of Nova Scotia’s space and water heating end-uses as well as its transportation sectors are
likely to be fundamental elements of the Province’s strategy to achieve net zero GHG emissions by 2050.
Configuring these end uses with load control devices can allow them to be part of a demand response
framework that can facilitate the integration of renewable energy resources. This can significantly reduce
wind and solar integration costs.

(3) curtailing wind and solar generation when they are surplus can also be a part of a least cost wind and
solar integration strategy. Furthermore, at higher levels of wind and solar electrolysis of wind and solar
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generation that can’t be integrated into the NS Power system or for which there isn’t sufficient export
capacity to produce hydrogen can be another element of a wind and solar integration strategy.

(4) hydro imports offer a relatively high degree of flexibility, particularly those flowing over the Maritime
Link which can used to assist with wind and solar integration and has the ability to vary output. As an
HVDC interconnection, the Maritime Link is not a synchronous connection to Newfoundland such as would
be provided by AC facilities where power flows are instantaneous. However, HVDC stations have very fast
acting controls that can respond almost instantly to a contingency, similar to a fast responding generating
unit (e.g., a hydro generator). Under the Energy and Capacity Agreement for the Muskrat Falls project, it
is expected that 20 MW of regulation capacity will be under automatic generator control at the Nova
Scotia end of the Maritime Link. These regulation signals will help off-set any generation/load imbalance
in the NS Power system. Such imbalances could be from rapid changes in wind and solar generation or
any generation surplus or shortage.

The IRP presents a series of assumptions for technology costs including capital costs and operating costs
(both fixed and variable) of a wide range of possible technologies. These assumptions along with financing
costs, project useful life and capacity factors will yield LCOEs or “revenue requirement profiles for input
into Plexos”. Capital or operating cost assumptions on their own can be reasonable, but when combined
along with these other assumptions can yield revenue requirement profiles that don’t align with
reasonable expectations as supported by market data (e.g., RFP results). LCOEs were provided in E3’s NSPI
Resource Options Study. However, these were presented in figures, making the values more illustrative.
CanWEA notes that there are a number of price benchmarks that are available that can be used to assess
the reasonableness of these various IRP assumptions on an aggregate basis based on a direct comparison
of these LCOEs with the various resource price benchmarks. A more explicit identification of these LCOE
values would facilitate such direct comparisons and enhance the transparency of the IRP and ideally
confirmation of the reasonableness of these assumptions.

A wide range of natural gas-fired generation technologies are identified as a resource in the IRP. It is
important to understand the rationale for natural gas pricing and availability scenarios. The vast majority
of Nova Scotia’s natural gas supplies are delivered through New England where there are major natural
gas pipeline constraints and the inability to build additional natural gas pipelines. These constraints can
limit the ability to supply natural gas volumes to new natural gas resources. The Canaport LNG facility is
typically available to address peak period requirements. However, its role may change with the
proliferation of LNG supply projects in the US. Insights into these questions and what underlies the various
natural gas price and supply scenarios could be contribute greater confidence in the reasonableness of
IRP results.
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MEMORANDUM

To: Linda Lefler, Senior Project Manager, Regulatory Affairs
Nova Scotia Power
From: John D. Wilson and Paul Chernick
Date: February 14, 2020

Subject: Input on Draft Assumptions Set

On behalf of the Consumer Advocate, Resource Insight would like to submit some
initial suggestions related to scenarios and evaluation criteria. Also, we have no
additional comments on the Draft Analysis Plan since the comments we sent you
on February 5.

We appreciated the webinar on February 7, which clarified a number of points.

1. Load Assumptions

We appreciated Mr. Olsen’s response to our question regarding EV load shapes. It
1s our understanding that the assumed EV load shape will represent customer
behavior without influence from rate design. If that load shape seems significant
enough to influence model results, then E3 would recommend an “ideal” load
shape without any specific rate design or policy commitment to achieve that ideal
in order to test the potential impact. We agree with this approach, so long as the
effects of the “ideal” load shape (if needed) is reflected in the capacity expansion
model and not just as a sensitivity in production cost modeling.

The load assumptions section doesn’t provide any information on how NS Power
views potential uncertainty in load (other than varying levels of DSM programs
and EV loads). In addition to providing a sense of how much NS Power thinks
load could vary from the baseline forecast (and why), we are also interested in
whether NS Power thinks that the system load shape could change over time due
to changes in load mix (industry shifts, changes in space- and water-heating
technology, increased large-commercial air-conditioning load, etc.).

2. New Supply Side Options

Depending on the supply side resource, there can be a substantial difference
between the costs of utility-built resource and a contract with an independent
power producer to build and operate a generating unit. Ideally, once the IRP is
completed, any recommendations for procurement would be tested in an all-source

Resource Insight, Inc. o 5 Water Street o Arlington, Massachusetts 02476
(781) 646-1505 o Fax (781) 646-1506 e resourceinsight.com
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procurement that allows self-build options to compete with private developer
offerings.

We were somewhat surprised to learn that decommissioning costs are not
considered in the model, except for nuclear (which does not appear to be a serious
option). Since the construction of a power plant creates a removal liability, it
makes sense to include an allowance for decommissioning.!

While escalating and discounting the decommissioning costs for a reasonable life
(like 30 years) may result in relatively small contributions to total fixed costs of
the resource, NS Power should try to evaluate resources on an equivalent full-cost
basis in the IRP. If an initial analysis indicates that the decommissioning cost for
most resources are small enough to get lost in the round-off of other components,
NS Power can make that showing.

Supply side capacity options should include flexible solar (which would give the
utility dispatch control for ancillary services)? and hybrid (renewable + storage)
resources.3 The projected levelized cost of capacity is not included in the
Assumptions Set, but was included in the resource options study. Flexible solar
and hybrid resources are absent from the list of capacity resources in that
presentation.*

Even if the entire reliability constraint occurs during the winter season, solar
resources (particularly flexible solar and hybrid resources) can be relevant to the
capacity need. These resources can provide relatively inexpensive regulating and
operating reserves during many hours of the year. Adding these resources to the

I This may be inconsistent with NS Power accounting policies, which appear to require
creation of a cost-of-removal liability upon putting a facility into service. NS Power,
Response to NSUARB IR-5, 2020 Annual Capital Expenditure Plan, Docket M09499
(January 30, 2020).

2 Energy and Environmental Economics, Inc., Investigating the Economic Value of
Flexible Solar Power Plant Operation (October 2018).

3 Mark Ahlstrom, Hybrid Storage Resources — Implications for Grid Services and Market
Design, presentation to US Federal Energy Regulatory Commission, Technical
Conference: Increasing Real-Time and Day-Ahead Market Efficiency and Enhancing
Resilience through Improved Software (June 25-27, 2019). The E3 Capacity Study
discusses the benefits of combining solar and storage (e.g., Tables 28 and 29)

4 Energy+Environmental Economics, NS Power Resource Options Study (July 2019).
Note that NS Power intends to study the effectiveness and value of utility-managed
curtailment. NS Power responses to CA IR-3 and IR-4, Smart Grid Nova Scotia Project,
Docket M09519 (January 30, 2020).

John D. Wilson and Paul Chernick e Resource Insight, Inc. February 5, 2020
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capacity expansion model may affect the selection of the optimal capacity
resources.

Regarding the supply-side cost assumptions, we would like to see more
information about how those costs were developed and supported. NS Power’s
assumed renewable and storage project costs seem to be higher than those reported
by Lazard. Benchmarking for gas-fired and nuclear generation tends to be lower,
although a couple of the cost estimates seem to be on the high side. In the table
below, costs that are high relative to Lazard are highlighted in orange, and lower
costs are highlighted in blue.

John D. Wilson and Paul Chernick e Resource Insight, Inc. February 5, 2020
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Table 1: Comparison of NS Power Assumptions to Lazard Estimates (2019

CNDS$)
Draft Assumptions Set? Lazard®
Capital gﬁ?\i Variable Capital Fixed Variable
019) | o | 0&M (2019) | O&M | O&M
Technology | Subtech $/kW - $/MWh $/kW $/kw-yr | $/MWh
Wind Onshore $2,100 | $54 $0 | $1,485-| $38- $0
2,025 49
Offshore $4,726 | $108 $0 | $3,173- | $108- $0
4,793 149
Solar PV Tracking $2,250 |  $20 $0 | $1,485| $16 $0
Storage Battery $814 $8 $0 | $378- $.3-5
(1 hr) 693
Battery $2,325 | $27 $0 | $1,212- $.3-5
(4 hr) 2,530
Natural Combined | $1,688 | $14 $3 | $945-| $15- $4-5
Gas Cycle 1,755 18
Frame $1,080 | $12 $7 | $945-| $7-28 $6-8
Combustion 1,283
Turbine
Nuclear SMR $8,073 | $203 $0 | $9,315- | $146- $5-6
16,470 180

According to the US NREL Annual Technology Baseline for solar PV, the capital
cost estimate of $2,250 / kW is inconsistent with all but a few very high recent
estimates. 7 As shown below, those forecasts showing similar costs in 2019 were

> NS Power, Draft Assumptions Set (January 20, 2020), Slides 35-37.
6 Lazard, Lazard’s Levelized Cost of Energy Analysis — Version 13.0 (November 2019);

Lazard, Lazard’s Levelized Cost of Storage Analysis — Version 5.0 (November 2019),

restated to Canadian $.

7 National Renewable Energy Laboratory, Annual Technology Baseline: Electricity,
Utility-Scale PV (2019).

John D. Wilson and Paul Chernick e Resource Insight, Inc.
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(a) generally created over two years ago and (b) associated with rapidly declining
costs.

Figure 1: Solar PV Cost Projections

Source: National Renewable Energy Laboratory, Annual Technology Baseline: Electricity, Utility-Scale PV
(2019). Prices restated to Canadian $.

Similarly, for combined-cycle natural gas, the NREL ATB suggests costs at least
20% lower than NS Power’s estimate. Of the sources reviewed by NREL, all but a
few suggest CCNG costs lower than NS Power’s estimate. The NREL ATB
suggests that capital costs for combined-cycle and combustion-turbine plants are
very similar.8

With respect to storage technologies, Lazard suggests that O&M should be treated
as variable rather than fixed. Also, the assumptions should also include the
charging cost and charging cost escalator, unless these values are calculated within
the system planning models.

There may well be Nova Scotia specific cost data that justify these particular
assumptions, we would like to better understand these assumptions or see them
aligned with other sources.

8 National Renewable Energy Laboratory, Annual Technology Baseline: Electricity,
Natural Gas Plants (2019).
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3. Distributed Energy Resources

Distributed energy resources can offer low-cost resources for providing generating
energy and capacity, avoiding line losses, avoiding T&D upgrades and providing
backup service to host customers. They may result in positive or negative effects
on revenue requirements. Any representation of DERs in the model should either

e include the full cost of the resources (not just the portion paid by NS Power
incentives) and reduce those gross costs to reflect the T&D and non-energy
benefits (including backup and other customer values), or

e if NS Power cannot estimate the non-energy benefits, just the costs paid by
NS Power, reduced by T&D benefits (reduced line losses, avoided
investments).

4. Planning Reserve Margin and Capacity Value Study - Generation

During the webinar, we asked about Port Hawkesbury’s DAFOR and the lack of
maintenance de-rate assumptions for several units. (E3 Capacity Value Study, p.
42)

Using the historical DAFORs from the Fuel Stability Plan filing (OP-9, Att 1), it
appears that the DAFORs in the E3 study are the historical averages for 2016—
2018. (E3 Capacity Value Study, p. 42) That seems reasonable in most cases.
However, TC 1&2 performed much worse in 2018 than in recent years. Unless
there is reason to believe that the units are permanently damaged and thus
unreliable, perhaps a longer averaging period should be used. Using the 7 years
from the FSP, the averages would be 19% and 11%, not 36% and 19%. Similarly,
the TC3 DAFOR was over 8% in 2012-18, much higher than the 2% in the
assumptions.

In Table 17, thermal units coal are reported to have an effective load-carrrying
capacity of 100%, while wind is at 19%, as computed in the study. (E3 Capacity
Value Study, pp. 55-56) We all agree that the thermal plants cannot carry load
equal to their nameplate ratings. NS Power indicated that the capacity of the
thermal units would be derated for capacity planning by the DAFORs used in the
E3 study. Mr. Olsen agreed that nameplate capacity derated by DAFOR could be
significantly higher than ELCC for the thermal units, especially the larger ones.
Since ELCC is used for rating variable generation, the other types of generation
should be de-rated using methods that are identical or produce essentially identical
results.

The thermal plant contribution to reliability contributions appear to fall into a few
buckets, based on the size and DAFOR data in Table 9:

e Large, low-DAFOR (TC 3, Lingan 1, PT 2)

John D. Wilson and Paul Chernick e Resource Insight, Inc. February 5, 2020
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e Large, mid-DAFOR (Lingan 3&4, Trenton 5&6)
e Smaller, very-high-DAFOR (TC 1 &2)

e Very small, high-DAFOR (CTs)

e The odd mix of TC 4-6

ELCC should vary among these units. Replacing a MW of TC 1 or 2 should
require less capacity than a MW of Trenton 5, which should require less capacity
than a MW of PT 2.

We also suggest revisiting assumptions around hydro ELCC. The E3 study says:

For hydro resources that can be dispatched by the system operator
without any substantial limits to maximum time limits (e.g. 1 week or
more), E3 generally models these resources equivalently to firm
dispatchable resources such as nuclear, coal, oil, and gas. (E3 Capacity
Value Study, p. 30)

All hydro resources except for Wreck Cove are modeled as
dispatchable resources because they are deemed to have sufficient
pondage such that they are equivalent to firm resources from a
reliability perspective.” (E3 Capacity Value Study, p. 43)

It is difficult to exactly match hydro plant capacity with energy output. Our best
estimates for January projected capacity factors for 2020 are:

o 28% for Dickie Brook,
e 30-40% for Bear River and St. Margaret’s, and
e 40-50% for Lequille and Sissiboo/Weymouth.

It is hard to believe that these plants can operate at full power for the entire period
with non-zero LOLP in Figure 27 (6 AM to 2 AM on an average day). In addition to
the storage issue, there are droughts. We understand that Nova Scotia experienced
a drought in 2016.

We recommend that NS Power review its capacity value assumptions related to its
hydro assumption, considering:

e Storage capacity by system, in terms of hours of full-load generation

e Time to recharge the storage from inflow in Nov-Mar

e (Capacity factors for each of the hydro resources during winter peak hours
(hours with any LOLP) in each of the last several years

o Effect of the 2016 drought (or other hydrological events) on effective hydro
capacity over long winter peaks

e Historical frequency of droughts that have affected NS hydro capacity

John D. Wilson and Paul Chernick e Resource Insight, Inc. February 5, 2020
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Also, please make visible the numerical values behind Figure 27. (E3 Capacity
Value Study, p. 55)

We also recommend that NS Power consider whether feeder circuit outages could
significantly affect DAFOR for any generation units. According to one data
response, the Wreck Cove Hydro feeder 85S-401 had a Circuit Average
Interruption Frequency Index of 5.75, 17.45 and 7.64 in 2017, 2018 and 2019,
respectively, placing it in the worst 5% of feeders in each year.?

During the webinar, Mr. Olsen explained that adding more EE would only change
the ELCCs of various resources, especially DR over the long winter peak, if that
EE changed the resulting load shape significantly. Mr. Olsen explained that one
way to do reflect this possibility is to model EE programs individually, rather than
as a block load modifier as planned for this IRP. We suggest that even as a block
load modifier, if the program load shape is significantly different than the load
shape assumed in the forecast, then the overall scale of EE resource investment
could shift the load shape. This would be particularly true if EV resources are also
affecting the load shape.

Our concern here is that the forecast marginal ELCC values may be missing
diversity benefits associated with a mix of resources. This could result in the
analysis selecting too much of the resources with high ELCC values in the E3
study and too little of other resources.

5. Planning Reserve Margin and Capacity Value Study - Load

The Capacity Value Study explains that hourly load profiles are a combination of

actual hourly loads from the past 5-10 years, and weather data from the past 30-60
years. (E3 Capacity Value Study, pp. 25-26) We would like to review more details
regarding the methods and key diagnostic outputs. Here are some examples of the

questions we have:

e How are hourly loads related to weather data? What assumptions are made
about weather conditions that did not occur during the past 5-10 years and
load? Provide methods and data outputs (e.g., scatter plot of actual weather
vs load compared to modeled weather vs load).

e What weather conditions are considered in the relationship between
weather and load (e.g., temperature, wind, humidity, precipitation, etc.)?

9 NS Power, Response to NSUARB IR-37, 2020 Annual Capital Expenditure (ACE)
Plan, Docket M09499 (January 30, 2020). Wreck Cove Hydro feeder 855-402 and Ruth
Falls Hydro feeders 96H-411 and 412 are also cited in these data, and have similar poor
performance on Circuit Average Duration Index.
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e What consideration, if any, is given to weather trends in the long-term
weather dataset? For example, if there is a trend towards more wind (or
less), is that reflected in the forecast? Similarly, are there any trends in
rainfall, snowpack and hydro resources (p. 31)?

e Have weather conditions (mostly temperature) been correlated with
generation outages (p. 42), efficiency (heat rate), or capacity?

6. Imports

We would like to see the following import-related issues addressed:

e How will the modeling reflect the correlation of temperature and load
among Newfoundland, Nova Scotia and New Brunswick, and hence the
availability and cost of imports (p. 48)?

e As discussed on the webinar, the assumptions set does not provide
information on the potential cost of new transmission (slide 68), or how
that would be dealt with in the analysis.

e How would the modeling reflect a new 800 MW tie line becoming the
largest contingency, with associated reserve requirements?

o Discussion on the webinar highlighted concern that modeling all import
energy options as clean energy options would either understate the
emissions from New Brunswick coal or New England gas (and hence the
cost of meeting emission limits), or ignore economic imports of fossil
generation.

7. Fuel Pricing - Natural Gas

We previously asked about an additional fuel firming cost that might need to be
assumed, if the gas-fired plants were assumed to be supplied by unreliable or
constrained pipelines. We believe the question about new gas supply sources was
clarified as follows:

If the model selects new baseload (or intermediate) gas units, supply would be
provided according to option 3. (Slide 78) The alternative gas supply options
would be potential substitutes for option 3 that would be evaluated after the
IRP. (Slide 84) The alternative gas supply options would not be necessary for
the feasibility of any gas units evaluated in the IRP, since option 3 is
considered feasible and sufficient.

Do we have that right?
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8. Sustaining Capital for Existing Units
We have several questions about this forecast.

e Please confirm or correct our understanding of the discussion about the
utilization factor. We understand that the base forecast assumes capital
investments that would occur if each unit operated at what NS Power
considers to be a high utilization factor for that unit. We think you are
defining “high” utilization as the most demanding experience of the unit in
some recent historical period, as opposed defining “high” by the same
metric for all units (e.g., 80% capacity factor). Thus, if the IRP results
forecast relatively low utilization factors for some units, compared to the
historical base, NS Power would expect future capital investments to be
lower than the base assumptions included in the IRP.

0 Do we have that right?

o Did NS Power use a particular period to define the high utilization
for each unit?

e NS Power has prepared forecasts of sustaining capital for the IRP and the
2020 ACE plan. (2020 ACE Plan, p. 17) Is the ACE plan sustaining capital
forecast based on different utilization factors than the IRP? How does the
approach to setting the utilization factors for the ACE plan forecast differ
from that for the IRP forecast.

e Does projected sustaining capital for each unit simply reflect historical
experience plus inflation, or is the projected capital cost increased to reflect
the age of the plant?

9. Renewable Integration

The renewable integration section, including both the “assumptions about cost and
operational constraints” and the “operability screening,” leaves a lot unexplained.
For example, what technology options will the model have to meet the minimum
requirements for essential grid services, such as hybrid resources or flexible
dispatch of solar?

We suggest that NS Power host a webinar to explain this topic and solicit feedback
from stakeholders.

John D. Wilson and Paul Chernick e Resource Insight, Inc. February 5, 2020
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Resource Insight Inc.

MEMORANDUM

To: Linda Lefler, Senior Project Manager, Regulatory Affairs
Nova Scotia Power

From: John D. Wilson and Paul Chernick
Date: February 26, 2020

Subject: Input on Draft Analysis Plan

On behalf of the Consumer Advocate, Resource Insight would like to submit some
additional comments on the draft analysis plan.

Previously, we suggested including resiliency testing related to a major natural
disaster. We have reflected on this and, while we think the model could be used to
explore such a potential future, it may not be the best way to address this issue.

Instead, we suggest adding a new section or subsection to the IRP discussing the
potential impact of an extreme natural disaster on Nova Scotia’s energy supplies.
We suggest imagining if sea level rise accelerates at the high end of projections
over the next 10—15 years, and a category 5 hurricane makes it as far north as
Nova Scotia (or a similarly destructive winter storm). Our thinking is guided in
part by the hurricane that has left Puerto Rico in such dire circumstances.

Of course, NS Power’s equipment and staffing are better than PREPA’s, and likely
to fare better in similar circumstances. Nonetheless, decisions about resource
planning may help NS Power prepare better for events that cannot be dismissed,
given the surprising rate at which some climate changes are occurring.

The review would consider:

e  Which thermal plants are most likely to be damaged by flooding?

e  Would the hydro system assets function adequately under worst-case flooding?

e How much damage might solar and wind facilities incur?

e What would be the potential impact on Nova Scotia’s transmission and
distribution infrastructure of winds and flooding?

e Would power-plant fuel supplies be disrupted?

e How long would restoration of the T&D system take?

e Would restoration be affected by damage to other energy supplies or key
infrastructure?

e Would adequate generation be available to serve load as the T&D system is
restored?

Resource Insight, Inc. o 5 Water Street o Arlington, Massachusetts 02476
(781) 646-1505 o Fax (781) 646-1506 e resourceinsight.com
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These questions could be answered in the context of evaluating the strategies that
NS Power is considering in the IRP. Are some strategies more resilient than
others? Are there specific investments or technology choices that would be
preferred? Would BTM solar and storage (or even wind and storage) improve
resilience?

John D. Wilson and Paul Chernick e Resource Insight, Inc. February 26, 2020
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Resource Insight Inc.

MEMORANDUM

To: Linda Lefler, Senior Project Manager, Regulatory Affairs
Nova Scotia Power
From: John D. Wilson and Paul Chernick
Date: February 26, 2020

Subject: Input on Draft Scenarios, Strategies and Sensitivities

On behalf of the Consumer Advocate, Resource Insight would like to submit some
comments on the draft scenarios, strategies and sensitivities.

Scenarios

As we understand the plan, NS Power intends to use Plexos for its full modeling,
but it will also use E3’s RESOLVE capacity expansion model to pre-screen the
scenarios. As we understand it, the intent is to use RESOLVE to test whether the
different scenarios produce significantly different capacity expansion plans. We
strongly support this idea, as we have observed too many IRPs test scenarios that
result in almost identical capacity expansion plans.

We recommend considering the following scenario instead of Scenario 2 (Net
Zero — High Electrification):

e Accelerated 1.0 Mt 2050 / High Electrification + Higher Industrial/Marine
Demand / Coal End 2030

We infer that Scenario 2 is probably the maximum build case. Our suggested
modifications would further differentiate this scenario, expanding the decision
space in a useful manner. We are suggesting three rationales.

First, we suggest this scenario should have an early coal end. Policies to achieve
high electrification would logically be promoted in concert with accelerated coal
phase-out. The argument for switching load to electricity is much stronger if the
electric supply is cleaner. A 1.0 Mt target seems realistic, given the rate of load
growth and required renewable buildout.

Second, the Pathways report excluded the industrial and marine sectors from
electrification or other drivers of load growth. Global technology trends will tend
to shift more industrial energy use to electricity, for 3D printing, automation and
the like. The improvements in batteries and electric propulsion that promote
electric road vehicles will also support electrification of marine vessels and such

Resource Insight, Inc. o 5 Water Street o Arlington, Massachusetts 02476
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industrial vehicles as forklifts. Offshore wind development around Nova Scotia
could further increase the development of battery-powered support vessels. From
the perspective of the IRP, industrial and marine electrification would be modeled
as higher loads, with high load factors and/or largely off-peak charging.

Third, NSP has not proposed to test the early coal closure date with the “current
landscape” strategy, only with the “regional integration” strategy. Phasing out coal
early may be economic (or have only a small incremental cost), even without
major changes in policy or utility infrastructure plans. Our alternative scenario
suggestion, above, would address that gap. If NSP does not want to add a scenario
to consider this option, some scenario/strategy pairing(s) should be modified to get
at this question.

Strategies

The strategies seem to cover an appropriate range of policy directions. We would
like to better understand the components of the regional integration strategy; we
may have further comments, once we see more detail.

We question the decision to test only one strategy under the comparator case.! The
comparator case is the scenario that best reflects current clean energy policy. The
Board should be provided with information about the relative performance of
several resource strategies under the current policy scenario.

The “no new emitting resources” strategy might be better tested as a portfolio
sensitivity to other strategies, rather than a distinct strategy. It is currently included
in only one of the preliminary modeling runs, paired only with regional
integration. It might make sense to hold it out and see what new emitting resources
are built in the modeling runs, then apply it as a portfolio sensitivity to a few
selected runs to see what the non-emitting alternative would be in those
scenario/strategy pairs. Depending on how diverse the results were, one or more of
those alternative portfolios could then be carried forward.

This may increase the number of preliminary modeling runs. However, as stated
above, we support the concept of using RESOLVE to assess the modeling runs
and narrow them down to ensure that resources are devoted to assessing
significantly different portfolios.

Sensitivities
Regarding sensitivities, should there be a sensitivity regarding the price paid for
power exported from Nova Scotia? Is that price modeled to follow import price? Is

I' Also, the term “comparator case” isn’t as clear as the rest of the scenario descriptions.

John D. Wilson and Paul Chernick e Resource Insight, Inc. February 5, 2020



Nova Scotia Power IRP Final Report Appendix H Page 139 of 321
Input on Draft Scenarios, Strategies and Sensitivities Page 3 of 3

there a reasonable future in which Nova Scotia will have significant exports, such
as increased transmission and wind development?

We also appreciate the suggestion to include resiliency testing, which appears to
be a response to one of our “spliced scenarios.” As we understand it, the idea is to
test the impact of a net zero carbon constraint policy on a portfolio built to the
“comparator case” scenario. We suggest that the reverse sensitivity should also be
tested: test the impact of “comparator case” policy on a portfolio built to one of
the “net zero” scenarios. In each case, the idea would be to test the cost of
anticipating the wrong scenario.

John D. Wilson and Paul Chernick e Resource Insight, Inc. February 5, 2020
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DALHOUSIE
UNIVERSITY

Office of
Sustainability

February 14, 2020

RE: 2020 IRP Assumptions

IPCC goals outline significant greenhouse gas targets for the globe. Given the context of rapid climatic change
the following comments are made regarding the IRP assumptions.

e Organizations have climate change goals and targets that may exceed the existing regulatory targets.
How will the IRP process model scenarios and options for this cluster of customers.

e Given the rapid need to decarbonize energy systems and changing targets and demands, a more
aggressive carbon scenario should be outlined that pushes past current regulatory targets and models a
net zero state.

e Scenarios that introduce more grid sharing from provinces that have available hydro resources and
micro-grid structures.

e Grid resiliency is becoming an increasingly important issue with wilder weather. How is this modelled
into the scenario plans.

Thank you for the opportunity to comment.

Sincerely,

Rochelle Owen
Executive Director - Sustainability Office

Office of Sustainability « 1236 Henry St. » Dalhousie University ¢ Halifax NS B3H 3P7 Canada
Tel: 902.494. 7448 « B3H 4R2 « E-mail: rjowen@dal.ca « Web: www.sustainability.dal.ca
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February 9, 2012

Clerk of the Board

Nova Scotia Utility and Review Board
Box 1692, Unit “M”

Halifax,

Nova Scotia.

B3J 3S3

Subject; Proposed Annual Capital Expenditure Plan (ACE Plan 2012) (NSPI)
Dear Sir/Madam;

Nova Scotia Power Inc., is applying for approval of its upcoming ACE Plan for the province. | am writing
today to voice our concern regarding these expenditures with regards to the lack of emphasis being
placed either on upgrades to our transmission line (69kv) in the Annapolis Valley or in investments to
other areas of our grid system for improved efficiency.

Our grid system in Nova Scotia is antiquated and over time the upgrades in the system have been
limited. It has been stated that the traditional North American grid system which we are part of, was
conceived by Edison, designed by Eisenhower and installed by Nixon. This puts into perspective the
nature of our archaic grid system in an era of modern technological advances both in hardware and in
communications capabilities. Our region is actively pursuing the introduction of renewable energy
technologies as a way to stimulate economic development in our region; a region facing difficult
economic challenges, diminishing population and dwindling resources. In an effort to develop these
opportunities in renewable energy developments, we engaged the services of Lockheed Martin to assess
our ability to develop a CHP (combined heat and power) plant that would serve to generate electricity
for the grid through the COMMFIT (community feed-in-tariff) program and to deliver inexpensive heat
to several key facilities in Digby; namely the hospital, two schools, government buildings, an arena and
private commercial properties. Not only would this investment allow these facilities to hedge against
rising fuel costs in the future, but the overall reduction of GHG would be a significant benefit to the
province as a whole.

The consultants findings are summarized as follows; “...there is significant risk that distribution
interconnection may not be available, or that specialized interconnection equipment to mitigate the
transmission impacts could be required in order to implement this project. It is not possible to further
quantify the risk at this time”. The consultants concluded that the current operational design of the
transmission and distribution grid along with the age of the system has inherent flaws which prohibit the
introduction of new electricity generating capacity coming from renewable energy projects including our
efforts to establish a CHP plant.
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The ability of the utility system to accommodate renewable energy technologies is very much driven by
the degree of variability of these sources of energy and the utility’s requirements to maintain reliability
and voltages within mandated ranges. We are mindful that the rules and regulations that are in place
are based on many years of operational experience and very difficult to change unless there are
significant benefits. The variability of some renewable energy sources is often cited as the most
challenging. Energy storage provides a way to overcome many of these challenges, but it still not very
economical at this stage. Smart Grid technologies could also help with controlling voltage and
redirecting power flows where possible. The requirement to regulate voltage in the future will be a
deviation from the normal practice on the distribution system where only the utility has been allowed to
do so, but the flicker and effects on voltage profiles on the feeders may ultimately lead to distributed
voltage or reactive power flow control.

We are concerned as well, that as the province develops opportunities accruing from the Muskrat Falls
project that it will see these investments as meeting its renewable energy targets established under the
Environmental Goals and Prosperity Act and will serve to send a negative message to the utility about
further upgrades to our valley transmission lines. NO PLANNED INVESTMENT IN THE VALLEY REGION IS
PROJECTED THIS YEAR NOR IN THE FORESEEABLE FUTURE. This is troubling from a municipal
perspective given our attempts to create economic development through the introduction of renewable
energy technologies in tidal, wind and biomass. Our wish is to see evidence that the utility is genuinely
concerned about the same issues and that there is a willingness on their part to invest in the types of
upgrades that would accommodate the introduction of renewable energy technologies in the future.

Sincerely

Terry Thibodeau
Coordinator
Renewable Energy and Climate Change
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Electric vehicle charging to support renewable energy integration
in a capacity constrained electricity grid

CrossMark

Nathaniel S. Pearre *, Lukas G. Swan

Renewable Energy Storage Laboratory, Dept. of Mechanical Engineering, Dalhousie University, PO Box 15000, Halifax, Nova Scotia B3H 4R2, Canada

ARTICLE INFO ABSTRACT

Article history:

Received 23 August 2015

Accepted 28 November 2015
Available online 17 December 2015

Digby, Nova Scotia, is a largely rural area with a wealth of renewable energy resources, principally wind
and tidal. Digby'’s electrical load is serviced by an aging 69 kV transmission line that often operates at the
export capacity limit because of a local wind energy converter (WEC) field. This study examines the
potential of smart charging of electric vehicles (EVs) to achieve two objectives: (1) add load so as to

Keywords:

Smart grid

Renewable energy
Transmission constraint
Electric vehicle

Driving survey

increase export capacity; (2) charge EVs using renewable energy.
Multiple survey instruments were used to determine transportation energy needs and travel timing.

O

These were used to create EV charging load timeseries based on “convenience”, “time-of-day”, and ide-
alized “smart” charging. These charging scenarios were evaluated in combination with high resolution
data of generation at the wind field, electrical flow through the transmission system, and electricity load.

With a 10% adoption rate of EVs, time-of-day charging increased local renewable energy usage by 20%

and enables marginal WEC upgrading. Smart charging increases charging by local renewable energy by
73%. More significantly, it adds 3 MW of load when power exports face constraints, allowing enough
additional renewable electricity generation capacity to fully power those vehicles.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The Municipality of Digby (Fig. 1, left) is embarking on an ambi-
tious strategy to alter its energy consumption and production, for
greater utilization of locally produced renewable energy. Trans-
portation represents a major energy end-user, totalling 38% of all
energy used in Nova Scotia [1]. This energy comes almost entirely
in the form of gasoline and diesel. While Canada has significant
fossil fuel resources, there is no petroleum production in Nova Sco-
tia, so transportation fuels represent a significant economic trade
deficit for the region. In contrast, Nova Scotia in general, and the
Digby area in particular, have superb renewable energy resources
consisting principally of wind and tidal flows [2,3]. Electric vehicles
(EVs) which have greatly increased efficiency compared with inter-
nal combustion engines, thus represent an opportunity to not only
vastly reduce energy consumption for transportation, but also to
transition from imported fossil fuels to locally produced renewable
energy.

The electrical transmission system of the area is shown in Fig. 1
(right). It consists of 69 kV lines servicing the Town of Digby via
Conway Substation. Other 69 kV lines connect nearby communities

* Corresponding author. Tel.: +1 (902) 403 8583.
E-mail address: natpearre@gmail.com (N.S. Pearre).

http://dx.doi.org/10.1016/j.enconman.2015.11.066
0196-8904/© 2015 Elsevier Ltd. All rights reserved.

and collect from small hydroelectric facilities inland. In 2010 a
30 MW wind energy converter (WEC) field, consisting of twenty
GE 1.5 MW units, was commissioned on the Digby Neck, causing
Digby to become a net exporter of electricity. This 30 MW wind
field was sized to meet summertime transmission export limits
when local loads are at their minimum. As a consequence, further
development of renewable electricity generation is not permitted,
absent one of three conditions: Either (1) the transmission system
is upgraded to increase the export capacity, (2) renewable genera-
tion must be curtailed when transmission limits are reached, or (3)
electrical load must be added locally, so that the additional power
produced can be used locally and not contribute to overloading of
the transmission system.

Option 1 is not being considered by the provincial electricity
system manager in short or long term planning because it would
be prohibitively expensive. Option 2, while not presently sup-
ported by the grid manager, is a reactive approach that is undesir-
able due to the loss in renewable energy caused by curtailment. It
is under the premise of Option 3 that this study is conducted. The
addition of EVs adds load to the local electricity network. By eval-
uating the time-dependent load of charging EVs and their interac-
tion with existing loads and generation, this study will quantify the
influence of EVs on the electricity grid for a local region, and the
use of renewable electricity generation for powering those EVs.
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Nomenclature

EV electric vehicle

TOD time of day; electric rates that vary ($/kW h) on a fixed
schedule

WEC wind energy converter (wind turbine)

The use of energy storage and dispatchable load to manage vari-
ations in renewable energy output is a problem of nearly universal
concern in utility management as non-dispatchable renewable
energy sources become a significant contributor to total energy
and grid instability [4-7]. Applying the possible grid management
benefits of EV charging to achieve a specific grid management
objective is of great interest to governments and utilities [8,9], so
this case study, which benefits from well-defined grid constraints
and precise grid loading data, may be of particular interest to pol-
icy makers.

The interaction of EVs that plug into the electrical system, and
the electrical system itself rely entirely on an accurate understand-
ing of when EVs are used, how much energy they consume when
they are used, and when they are returned to a location where they
can plug in and charge. The significance of the driving patterns is
made doubly important when one considers three possible effects
of EVs on the energy system [10]. One possibility is an undesirable
evening peak in load that could occur if charging rates and timing
are unconstrained, referred to here as “convenience charging”. The
second is to respond to “time of day” (TOD) electricity rates with a
charge timer, in which case an evening load peak is avoided and
loads overnight are increased, but no more finely tailored benefits
can be realized [11,12]. The third possibility is “smart charging”,
which is managed by grid operator intelligence and real-time con-
trol, in which EV charging loads become a controllable resource
providing valuable grid services.

Any charging strategies that are successful in reducing or con-
trolling the export transmission loads could correspondingly per-
mit increased local generation capacity. General Electric (GE), the
manufacturer of the WECs in use at the wind field have developed
a control software update titled WindBOOST, which increases the
maximum power output by 10%, from 1.5 MW to 1.65 MW. This

modification could be implemented at negligible cost, and would
increase WEC field power capability to 33 MW, and annual average
energy production by roughly 4% [13,14]. As an objective, this
study investigates the potential of adding controlled EV charging,
thus allowing the WindBOOST upgrade, with the intent that the
added energy production would be sufficient to provide the neces-
sary energy to charge the EVs, making them a net benefit to Nova
Scotia’s grid.

2. Data sources/research methods

To conduct a thorough investigation of EVs and their impacts
upon the electrical grid requires an understanding of the present
transportation fleet in Digby with respect to both vehicle popula-
tions and vehicle use. Specifically, to understand the energy
requirements of vehicles, it is necessary to know (1) how many
vehicles of various types are in use in the area, (2) how much
energy these vehicles use each day (how far they drive and how
much fuel is consumed to do so), and (3) during what period of
the day, and particularly when at the end of the working day, they
are parked, indicating when vehicles would plug into the electric-
ity grid. With those data and an assumed adoption rate of EVs, grid
impacts can be estimated.

The following subsections describe the regions of analysis, the
data sources related to vehicle populations in the area, the survey
tools used to gather vehicle use information, and the data available
on grid loading and renewable electricity generation.

2.1. Vehicle populations

The total vehicle population in Digby comes from Provincial
vehicle registration data [15], however, the population served by

Fig. 1. Location of Digby (left) and transmission and distribution maps (right).
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the Conway electrical substation (Fig. 1) does not correspond to a
specific Provincial jurisdiction. The inferred population of vehicles
must therefore be computed by scaling data from:

o The Town of Digby with an area of approximately 3 km? and a
population of 2152.

e Digby County, consisting of the Town (above) and two Munici-
pal Districts which combined have an area of approximately
2515 km? and a population of 18,036.

To establish the population served by Conway, estimates of
Town and Municipal population were combined with a building
count using satellite imagery. The resulting population estimate
for the Conway service area is 9000 people. Table 1 groups the
transportation fleet of Digby by vehicle type, lists how many of
each type are registered in the Town and in the County, and gives
the proportional vehicle population serviced by Conway Substation
(Fig. 1, right), corresponding to this population estimate.

2.2. Vehicle use

To gather information on vehicle use, energy consumption, and
the timing when EVs would be plugged-in, a variety of survey tech-
niques were used.

To gather information on business vehicles, a selection of busi-
nesses in Digby County were interviewed by telephone. The selec-
tion of business types called for this study was made based on the
perceived likelihood that they would have commercial vehicles
(i.e. registered vehicles used exclusively or primarily by the busi-
ness). Forty-seven business were interviewed by phone. Respon-
dents were asked what business vehicles they used, how much
they were used, and when during the day such use took place.
Where specific information was not provided, average values for
the vehicle type were used.

To gather the corresponding information about Digby area
household vehicle use, both telephone and online survey methods
were used. A total of 22 households were interviewed in depth in
telephone surveys. In addition, there were 79 unique responses
to an online survey that was promoted on the Municipality’s
web-site, and a newspaper advertisement.

2.3. Renewable generation and load

A variety of data concerning local, regional, and provincial elec-
trical system conditions, including WEC field production, were
available for this research, supplied by the provincial utility, Nova
Scotia Power Inc. or its affiliates. The variables available to this
research are shown in Table 2 (refer also to Fig. 1, right, for a
map of electrical grid infrastructure). Note that for most of the sys-
tem loading analysis, power transmitted on L5581 is used for the
WEC field output, rather than the turbine data referred to in the
first line of Table 2.

3. Analytical methods

In this section, the steps taken to transform the survey and
energy system data into an impact analysis are described.

3.1. Annual electricity consumption of a Digby electric vehicle
population

In order to determine the cumulative impacts of EVs in Digby,
we assume an adoption rate corresponding uniformly to all vehicle
classes of 10% (approximately 600 count). Although aggressive, it is
attainable over the medium term given both local and provincial

Table 1
Classes of vehicles, estimated numbers that operate in the regions of analysis in
Digby.

Vehicle type Digby Town Conway Area Digby County
(count) (estimate) (count)
Population 2152 9000 18,036
Motorcycle 74 316 646
Small car 353 1275 2151
Medium car 347 1238 2053
Large car 247 884 1472
Van/SUV 131 504 921
Pickup 370 1577 3218
ATV 76 401 971
Bus (diesel) 0 9 38
School bus 0 3 13
(diesel)
Freight van 105 356 546
(diesel)

transportation electrification policies [16]. Regardless of techno-
logical advances and economies of scale of EVs to support con-
sumer purchase, an adoption rate of 10% takes significant time
because of the role-over time of the existing fleet.

These adoption rates do not take into account the differences in
behaviors of commercial and private vehicle owners. Commercial
vehicle owners may have the financial tools to amortize a high
upfront cost and recoup it through operational savings, where pri-
vate vehicle owners may not; however, private vehicle owners pre-
sently have a more comprehensive market and more local dealer
engagement. Estimating how these aspects will play off against
each other in the coming years is a challenge, so we have defaulted
to the equal adoption assumption.

3.2. Electric vehicle charging scenarios

There are three scenarios of EV charging control that represent a
range of technology and vehicle - grid interactivity. In this section
they are described in the context of how they might operate in the
Digby area.

3.2.1. Scenario: Convenience charging

The “convenience charging” case is conceptually similar to
mobile phones, in that the vehicle is plugged in and charged right
away upon reaching a charge station, without regard to the time of
day or the effect on the grid. In this scenario, EVs are likely plugged
in immediately upon arriving at a destination, typically home, and
are charged until they are full. The control logic for this charging
scenario is detailed in Fig. 2. The effect of this charging behavior
would not be very different in Digby than in other regions where
this scenario results in a charging load peak between 17 h and
19 h [17,18], unless there are systematic differences in the driving
patterns of vehicles. The majority of EVs presently in Nova Scotia
charge using convenience charging, because no provincial or utility
policy exists to motivate any other behavior.

3.2.2. Scenario: Time of day charging

Nova Scotia has in place a “time of day” (TOD) residential elec-
tricity tariff, presently available to households with electric-
thermal-storage. Three different rates are applied to electrical
energy consumed at different times of the day, week, and year.
The three rates represent a significant variation in price, especially
during the winter peaking months of December through February,
as illustrated in Fig. 3 [19].

While the rate structure shown in Fig. 3 is somewhat complex,
for the purposes of this analysis the assumed response by EV dri-
vers to this TOD charging scenario will be to delay charging
through the use of a charge timer until after 23 h if possible,
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Table 2
Digby electricity infrastructure measured data points and sampling rates.

Category Name Detail Variables Sampling Data collection period
rate
Generation WEC field 30 MW capacity Wind speed, wind direction, ambient temperature, 10 min Jan 2011-Dec 2013
real power, etc.
Transmission Line L-5581 Connects WEC field to Real power, reactive power 20s Jan 2014-Jun 2014
Conway
Line L-5533 Connects Conway to
Provincial grid
Distribution ~ Distribution lines 301 Connects Conway to Digby  3-phase currents
302, 303 loads
Substation Conway (77 V) Transformer Primary voltage 1 min

Fig. 2. Logic diagram for “Simple Charging” algorithm. The output is a load profile of each vehicle, which are then aggregated to become fleet charging loads.

Nova Scotia Power TOD Rates

Workdays
Dec 1 - Feb 28

Workdays
Mar 1 - Nov 30 Peak Rate, 18.6¢/kWh
— Nominal Rate, 14.25¢/kWh (e
Weekends Oft-Peak Rate, 7.3¢/kWh
& Holidays

0 3 6 9 12 15 18 21 24
Hour of the Day

Fig. 3. Nova Scotia Power domestic service time-of-day electricity tariff schedule.

regardless of the day of the week, or the season of the year. While a
more complex response is possible, it is unlikely that charge timing
would differentiate between workdays and weekends, and so is
uniformly applied for this study. The control logic for this charging
scenario is detailed in Fig. 4. It is almost identical in structure to
that used for simple charging, with the added test to insure charg-
ing does not take place during the day.

3.2.3. Scenario: Smart charging
In a “smart charging” scenario, the EV is responsive to
conditions and constraints which exist on the electricity grid or

in electricity markets. In Digby, the constraint of interest is power
export on transmission line L-5533 (see Fig. 1). When the WEC
field is at maximum generating capacity (30 MW), and the Digby
load is low, the transmission line reaches its export limitation.
With real-time monitoring, coupled with signalling, the net export
on this transmission line could be used to signal EVs the preferred
time to charge, and how fast to charge. When signalled, all the EVs
with any flexible or discretionary charging capacity (i.e., those
vehicles that are plugged in but not already charging) could begin
charging, thereby increasing the Digby load and decreasing the net
electricity export.

To model the effects of such a strategy, each 24 h period (noon
to noon, so overnight discontinuities are avoided) was examined in
isolation, and charging loads were added to periods when export
power was at its highest for the period. The control logic for the
smart charging scenario is detailed in Fig. 5. The logical structure
of this scenario is significantly different from those of the previous
two (Figs. 2 and 4), most notably because the unit of analysis is the
24 h period, rather than each vehicle. It should be noted that in the
model as configured, a perfect response to this signal was used. In
reality, any charging signal based on either a fixed schedule (TOD),
or based on some real-time external signal, would only be a sug-
gestion or a price difference, not a strict command. By default,
when the vehicle requires charging for an imminent trip, charging
will take place regardless of the grid impacts.
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Fig. 4. Logic diagram for “TOD Charging” algorithm. Output is load profile of each vehicle, which are then aggregated to become fleet charging loads.

3.3. Creating load profiles

Based on the vehicle counts in Table 1 and coverage of the Con-
way Substation in Fig. 1, we assume 6000 vehicles exist in the area,
and that the 10% adoption rate gives 600 EVs. Based on the survey
of driving patterns, and vehicle class specific energy needs, Digby’s
EVs would need an average of 15 kW h per day, representing a fleet
average of passenger and commercial vehicles. While this value is
2-3 times the daily energy needs assumed by some previous stud-
ies [9,20], this difference can be largely attributed to the assump-
tion made here of proportional EV adoption across all vehicle
classes, while those studies focused on small and mid-sized pas-
senger cars.

The outputs of the vehicle use surveys were a set of individual
vehicle use patterns and average daily energy needs on generic
weekdays and generic weekend days. For each vehicle, these out-
puts were used to construct individual charging load profiles for
convenience charging by drawing electrical load right away when
returned to a home parking location, or for TOD charging by draw-
ing load at 23 h if parked at home (refer to Section 3.2).

For the class of private vehicles and the class of business EVs,
the average loads of all survey respondents’ vehicles were propor-
tioned equally to that of the total population of privately owned
and commercial vehicles, respectively. Commercial and private
charging load profiles were then multiplied by the presumed adop-
tion fraction for each class (10% for both), and summed together to
produce a regional vehicle fleet charging load for each day class, for
each of the first two charging scenarios.

To produce a smart charging load profile, the sum of vehicle
energy was used to ‘fill' the points of greatest export power in
each noon to noon ‘day’. For example, at a historical export power
peak of —25 MW, a modified peak export power of —24.99 MW
was specified, and the difference in energy between an export
power timeseries bottoming out on the modified peak and one
following the historical data was computed. If that summed
energy was less than the necessary driving energy for the fleet,
then the modified peak export power was increased again to
—2498 MW. This process was iterated until the difference
between the original and ‘capped’ export energy curves was equal
to the energy needs of the EV fleet. This process is illustrated as a
flow diagram in Fig. 5.

This methodology for smart charging could, in theory, require
charging at any time, and possibly when a significant fraction of
the fleet was not parked. However, this does not adversely affect
the analytical results, because problematic peaks in power export

Fig. 5. Logic diagram for “Smart Charging” algorithm. Output is load profile of each
24 h period, which are then compiled in sequence to become fleet charging loads.
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can only occur when both wind production is high and when local
loads are low, and the later condition occurs only at night. Thus the
test points for the system, the times at which the transmission sys-
tem nears capacity limit, can only be at night when most vehicles
are parked.

4. Results

In this section, the interactions and influence of EVs on the elec-
tric grid are discussed, with a focus on how they would relate to
renewable electricity generation in Digby.

4.1. Description of existing conditions

Fig. 6 shows monthly average, and maximum and minimum
electricity load in Digby, and generation at the WEC field. These
data are from 2014, and 2012 through 2013 respectively, and it
can be noted that only six months of data are available for Digby
as the substation monitoring equipment was recently installed.
These various years are not expected to affect the trending shown
in Fig. 6.

In general, load in winter is higher than the load in summer, due
to increased need for space- and water-heating, and increased
need for artificial light as daylight hours recede. Similarly, winds
are stronger in winter, and thus WEC field generated electricity fol-
lows a similar seasonal pattern. The WEC field generation averages
13 MW, while Digby averages roughly 8.8 MW of load, meaning
the Digby region is an annual net exporter of electricity. Also
shown on Fig. 6 are monthly maximum and minimum values as
range bars about the averages. It can be seen that Digby’s load
can reach well above 18 MW, though only briefly, and can also
drop to zero (during a power outage). The WEC field’s output is
continuously variable, achieving slightly more than its rated capac-
ity of 30 MW and also becoming a small net load (<0 MW) within
every month.

Of greater interest for EVs charging and grid management, Fig. 7
shows the hourly average load for each of six pairs of months, and
shows how load and wind generation vary throughout the day. The
different colored lines show different daily profiles characteristic of
different seasons. From Fig. 7, the load in Digby (top), in both cold
and warm months can be seen to drop by 2-3 MW overnight, with
a minimum occurring between 2 h and 4 h. During the winter
months, loads peaks twice daily, in the late morning and again in
evening. This is characteristic of areas with electric heat that is
often turned down at night when businesses are empty and people
are asleep, and in homes during the day when people are at work.

The hourly average electricity generation of 30 MW WEC field
(Fig. 7, bottom) exhibits a different pattern. Wind turbine genera-
tion is typically higher during the night and lower during the day.
This is especially apparent in Jul-Aug, when average wind output
averages just over 5 MW (17% of nameplate capacity) at 12 h,
and a peaks at 12 MW at 21-22 h. This is substantial variation con-
sidering it is an average over 120 days (two months for two years).

As Fig. 7 suggests, the probability of Digby exporting electricity,
is a function of both the season and the time of day. This probabil-
ity is more fully described in Fig. 8. Both heating loads and wind
production increase during the winter, but the frequency of
exporting power are more closely tied to the variations in WEC
power output, so in colder months, exports are more common.
Over the day, the negative correlation between load, which peaks

1 A comparison to Provincial load data suggest that Jul-Aug and Sep-Oct load
curves would likely be similar to those of May-Jun, while the load curve for Nov-Dec
would lie between those of Jan-Feb and Mar-Apr.

during the day, and WEC output, which peaks at night, mean that
exports are always 20-25% more likely at night.

Of course Figs. 7 and 8 represent general trends only, and at any
given time of the year, the WEC field might be producing nothing,
or might be at its maximum output of 30+ MW.

4.2. Impact of EV charging on the electricity grid

To illustrate the impacts of the three charging scenarios on the
electricity grid we examine the first week of June, 2014, as shown
in Fig. 9. During this period, Digby Load (°red, right axis) was quite
low at 4-8 MW. The WEC field’s generation (green, left axis) experi-
enced both periods of low generation (such as June 3) and high gen-
eration (June 6). Consequently, Transmission Line L-5533 (blue, left
axis) experiences periods of net import (positive values, e.g. June
3), and net export (negative values, e.g. June 6). The reader should
note that export values approaching —26 MW are of concern because
of transmission constraints.

In Fig. 10, the fleet charging load profiles described in Section 3.2
are plotted as a timeseries for the same week in June, 2014, along
with the unmodified export power timeseries from Fig. 9. Charging
loads for convenience charging (yellow), TOD charging (cyan) and
ideal smart charging (magenta) are read on the right axis, while
unmodified export power on L-5533 (blue) is read on the left axis
to clearly illustrate times of concern for export.

Fig. 10 shows that convenience charging (yellow) adds about
2 MW of load quite consistently, with the load somewhat normally
distributed around 17 h. This is the likely EV load scenario if no
policy and/or tariff is put in place to encourage EVs to charge at
specific times. The TOD charging scenario (cyan) will add over
4 MW of load (slightly less on weekends), which ramps up quickly
every night beginning at 23 h. The smart charging scenario
(magenta) can add as much as 6 MW of load (10 kW per vehicle),
coordinated precisely with each day’s peak exports on L-5533. It
is evident that smart charging is highly variable in power, which
will cause EVs to charge at various rates when signalled. It is likely
that EV owners would be willing to accept such signals given an
appropriate tariff or incentive, so long as they occurred overnight,
thus having minimal impact on vehicle readiness for travel.

Note that, when the assumed smart charging logic is applied to
June 3 (a low wind day) it causes the majority of the charging to
occur in the morning when vehicles are likely in use. As previously
stated, this unrealistic behavior is not problematic for the overall
results, because such conditions, when local loads are not at their
minimum, do not negatively impact the export transmission
infrastructure.

Examining the loads within the local distribution area, the three
charging algorithms result in significantly modified load profiles,
shown in Fig. 11. This is an aggressive case (10% adoption rate)
used to demonstrate the trends and impacts of EVs on the electric-
ity grid.

The size of these changes to the local load profile is striking. The
magnitude of these responses is due to the relative scales of varia-
tions in local load and variations in wind output. Convenience
charging (yellow) adds significantly to the evening loads, causing
the daily load variability to increase from about 4 MW (peak to
trough) to 5 or 6 MW. TOD charging (cyan) adds load when they
are low overnight, and it can be clearly identified that these start
at 23 h with the drop in electricity cost. Load due to smart charging
(magenta), is both inconsistent in timing, and abrupt, though
Fig. 11 shows that it does exhibit some correspondence to charging
at times of low load.

2 For interpretation of color in Figs. 9-13, the reader is referred to the web version
of this article.
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Fig. 6. Monthly average electricity power shown with 5 min maximum and minimum values as range bars for Digby load (top, red), and 30 MW WEC field generation
(bottom, green). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 7. Average electricity power as a function of month pairs (colored) for Digby load (top), and 30 MW WEC field generation (bottom). (For interpretation of the references

to color in this figure legend, the reader is referred to the web version of this article.)

To determine how EVs might actually help provide load to
address the grid constraint on Transmission L-5533, their influence
is directly applied to L-5533 power to create a modified load time-
series in Fig. 12.

In Fig. 12, it can be seen that convenience charging (yellow)
does modify the L-5533 export. On June 4, it is not helpful, adding
load when L-5533 was importing electricity already. On June 5
convenience charging happens to reduce relatively high exports,
but not reduce the maximum exports of the day. TOD charging
(cyan) also provides helpful load to modify L-5533. It reduced
exports from —23 MW to —21 MW on June 5. It is also helpful on
June 6. Smart charging (magenta) is seen in Fig. 12 to cause highly
controlled load variation on L-5533. This can be noted by the hor-
izontal magenta lines delineating modified exports. On June 5 it
reduces export from —23 MW to —19 MW. On June 6 it reduces
export from —24 MW to —22 MW. These modification occur pre-
cisely when required, as this is an idealized implementation.

To more broadly quantify the effects of charging algorithm, each
was applied to every day during the first half of 2014, the period

100 r
Jan-Feb
Mar-Apr
80 May-Jun

Gy

(o))
£
25 (DA, Yo i Sy
B o 40 NI L W A
z2s A e a4
E
g 20
o
a
0
0 3 6 9 12 15 18 21 24

Hour of the day

Fig. 8. Probability of Digby exporting electricity through the year.

for which detailed generation output and transmission system data
were available. The original export power curve and the three
resulting modified export power curves were then sorted into
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Fig. 10. Electricity profiles of convenience, TOD, and smart charging compared with unmodified Transmission L-5533 in June.
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Fig. 11. Time-series plot of electricity demand on the distribution lines out of Conway substation (77 V) in the first week of June, 2014, given three possible EV charging

scenarios being implemented by 10% of the vehicle fleet.

exceedance probability curves, which are presented in Fig. 13 in
linear (left) and logarithmic (right) plots.

The plot on the left of Fig. 13 shows a broad range of export
powers, and shows that all charging algorithms reduce the fre-
quency of exports somewhat compared to the existing export
exceedance probability (black line). However, export powers
below about 23 MW are of no concern since they do not challenge
the transmission capacity. In the right plot of Fig. 13 the same data
are shown in greater detail, showing only exports between 22 MW
and 27 MW, which correspond to exceedance probabilities of
about 2% and less, and using a logarithmical distribution for the
y-axis. From the right plot of Fig. 13, it is evident that convenience
charging (yellow) has very little effect on the most challenging
export conditions. In contrast, TOD charging (cyan) reduces the

worst exports by about 0.6 MW, while Ideal Smart Charging
(magenta) reduces the worst exports by 3 MW.

5. Discussion

Because of the high probability that Digby will be a net exporter
of renewable energy at any given time (as shown in Fig. 8), any EV
charging in Digby will often be using locally generated renewable
electricity. Specifically, even using the convenience charging algo-
rithm, about 49% of EVs’ energy would be from local WEC output.
Using the TOD charging strategy, this fraction is improved to 59%,
as charging events are pushed to the overnight hours when exports
are more likely (Fig. 8). Using real-time control to find each day’s
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Fig. 13. Line 5533 export power, exceedance probability, showing effects of three charging strategies applied to 10% of Digby vehicle fleet.

period of peak export in the smart charging algorithm means that
85% of the time EVs would charge from local WEC-sourced power.

While these fractions make EVs seem attractive for local con-
sumers, it is worth noting that any renewable electricity sub-
tracted from the greater grid supply will require additional
generation elsewhere [21]. Thus the greater question is whether
any charging strategies can facilitate adding increased renewables
to the grid, and whether such additional capacity can make up for
the additional energy demand to power the EV fleet. This question
can be answered from the preceding analysis, as shown in Fig. 14
and discussed below.

The TOD charging strategy, implemented for 10% of Digby’s
vehicle fleet, has been found to reduce export peaks by about
0.6 MW. At the same time, the fleet consumes about 9 MW h of
electricity each day. In order for 0.6 MW of additional capacity to
provide the annual energy to power such a fleet, it would need
to have an annual capacity factor of about 62%. Thus the answer
to the question of whether these additional cars can be powered
from local renewable electricity is, unfortunately, ‘no’, unless an
exceptionally good renewable resource, significantly better than
the existing WEC field, can be found.

The smart charging strategy, in contrast, could free up 3 MW of
export capacity. An additional renewable energy resource with an
annual average capacity factor of just 12% would therefore fully
power the fleet of smart charging vehicles. As has been discussed,
the load profile derived from the smart charging scenario is ideal-
ized and could not fully be realized as it requires 100% participa-
tion, arbitrarily high charging power per vehicle, and vehicles to
be plugged in and ready to accept charge precisely when needed.

25
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Fig. 14. Synopsys of effects of charging strategies.

Determining exactly how such an idealized algorithm would trans-
late into a real world response is beyond the scope of this paper
and would require an extremely detailed knowledge about not
only drive cycles but about vehicle owners’ responses to whatever
incentive structure is put in place.

That being said, it seems reasonable to assume that the export
attenuation resulting from real world smart charging would be
more effective at the stated goal of capping export power than
the convenience TOD response. If real world smart charging could
attenuate export peaks by 1 MW (compared to 3 MW for ideal
smart charging), and thereby free up 1 MW of transmission capac-
ity to new generation, then that renewable resource would have to
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produce at 37% capacity factor to produce all of the 9 MW h/day
needed by the vehicle fleet. Since the existing WEC produces at a
similar capacity factor, this is a very favorable finding.

6. Conclusions

Digby is a region with abundant renewable energy resources,
but has existing electricity grid constraints. Digby has articulated
an ambitious goal to alter its energy consumption and production
to better utilize locally produced renewable energy. Many such
regions presently exist, and many more will develop given the
ubiquity of renewable energy generation policy. Electric vehicles
can support such policy as they reduce energy consumption for
transportation, and can use locally generated electricity from
renewable resources, while acting as controllable loads. The objec-
tive of this study was to determine the impact that EVs have on the
electricity grid for various charging control strategies, and if this is
complementary to renewable energy generation.

Three charging strategies were evaluated for their effect on the
interaction between renewable electricity generation and export
transmission constraints. Convenience charging (not signalled) will
occur in absence of any policy or electricity tariff. This will add
electricity load to Digby, but will do so at existing peak load peri-
ods (17 h) when export capacity is of no concern. The use of either
time of day charging (scheduled) or smart charging (signalled) will
incent drivers to charge overnight, or when additional load is most
needed to alleviate electricity grid constraints.

Scheduled and signalled charging strategies would increase the
fraction of transportation energy sourced from local renewable
electricity generators from an already high 49% for convenience
charging, to 59% for TOD charging, or 85% for smart charging. More
importantly, these strategies were shown to be effective at
addressing grid considerations: Using a 10% EV adoption rate, such
charging algorithms could provide 0.6-3 MW of additional trans-
mission capacity. This could enable new renewable energy gener-
ation, such as a negligible cost WEC field control strategy
upgrade, that on an annualized basis could provide all the energy
needed to power the vehicle fleet.
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Connect, monitor, and control your facility’s Distributed
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BURP to secure EcoStruxure Microgrid Advisor from session hijacking, XSS, and
SQL injection

@ To learn more about increasing your facility’s efficiency, resiliency, and sustainability,
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Andover, MA 01810
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| Introduction

Sigma Energy Storage proposes a prefeasibility study to evaluate Digby’s energy profile and identify
solutions to maximize its renewable resources and minimize its fossil fuel consumption.

The Municipality of the District of Digby relies on the electrical energy from Nova Scotia grid and fuel oil
for heating uses. Currently the municipality is considering to maximize the opportunities in renewable
energy but these resources are non-dispatchable and they do not necessary follow grid demand Energy
Storage System can offer dispatchable power solutions, which store electricity when it produced and
regenerate when power is required.

On the other hand, Digby uses oil to heat several of its large facilities. Eight buildings, including the local
Arena, Elementary and High Schools, RCMP, Hospital, Digby Lockup, Court House and Provincial building
consume more than 370 m3 of oil each year for heating. Thermal storage solution can store wind energy
and delivers it to the buildings in form of heating services.

The goal of this project is to evaluate the fit and identify potential benefits of energy storage systems in
balancing Digby’s grid, optimizing the utilization of renewable resources, and assessing the impact of a
thermal energy storage unit to provide low-cost heat to community buildings. The product will be a report
detailing the potential of energy storage for Digby.

2 Municipality of the District of Digby

The Municipality of the District of Digby is located at the western end of the Annapolis Valley, Nova
Scotia, on the southern coast of the Bay of Fundy. Situated between the District of Clare and Annapolis
County, the Municipality encompasses Digby Neck, Long Island, Brier Island and the eastern half of Digby
County (Figure 1) [1]. Digby is a great touristic destination. Nestled in a protected inlet off the Bay of
Fundy, this area is known for its scallops, mild climate and daily ferry to Saint John, NB. Settled by United
Empire Loyalists in 1783, it's now home to the largest fleet of scallop boats in the world [2].

2.1 Demographics

the Municipality of the District of Digby recorded a population (Figure 2) of 7,107 living in 3,264 of its
4,048 total private dwellings, a change of —4.8% from its 201 | population of 7,463. With a land area of
1,657.33 km?, it had a population density of 4.3/km2 in 2016 [3].
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Figure |. Municipality of the District of Digby location: a) Location [4]; b) Some tourist attractions [5].
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Figure 2. Municipality of the District of Digby Population from 1981 to 2016 [3]

The majority of people who leave the community are young people aged 20 to 30 years, resulting in an
older community with a higher proportion of middle-aged and retired residents. Subsequently, the median
age in the Municipality was 44 years in 2006, higher than the provincial median age of 41.8 and the Canadian
median age of 39.5 [3].

2.2 Strategic Plan Overview

The Government of Canada has committed to transfer a portion of gas tax funds to municipalities. In
2005, the Province of Nova Scotia entered into a Gas Tax Agreement (GTA) with the Federal
Government, under the New Deal for Cities and Communities. The Province then entered into Municipal
Funding Agreements (MFA) with individual municipalities in order to deliver this federal funding to local
governments and other appropriate recipients, for eligible environmentally sustainable municipal
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infrastructure and capacity building projects. As a part of these funding agreements, Nova Scotia
municipalities are required to develop Integrated Community Sustainability Plans by 2010. Creating an
Integrated Community Sustainability Plan (ICSP) is an important step in creating a more sustainable
community. As part of the GTA, the Federal Government requires ICSPs to Integrate economic,
environmental, social and cultural sustainability principles [I].

Related to the energy section, following goals have been included in the Municipality of the District of
Digby Strategic Plan [6]:

e Maximizing the opportunities in renewable energy
e Reducing the carbon footprint
e Managing energy for a marketable Industrial Park

2.3 Possible Opportunities

The strategic goals defined by Municipality of the District of Digby the are based on the four pillars outlined
in the municipality’s Integrated Community Sustainability Plan (ICSP): Economic, Environment,
Social/Community and Culture/Heritage [6]. These goals can be reached through specific plans such as
building ecotourism and eco industrial park in the Municipality of the District of Digby.

Ecotourism is a form of tourism involving visiting fragile, pristine, and relatively undisturbed natural areas.
It means responsible travel to natural areas, conserving the environment, and improving the well-being of
the local people [7]. Natural resource management can be utilized as a specialized tool for the
development of ecotourism [8]. Digby is rich in history and natural habitat, both of which can draw visitors
and even new residents to the Municipality. Historical industries such as fishing and farming are supported
by the area’s wilderness and natural eco-systems, which also may attract tourists who enjoy the area’s
beauty and outdoor recreation opportunities. As part of the Southwest Nova Biosphere Reserve — a large
region of South-western Nova Scotia spanning several counties where sustainable use, protection and
enjoyment of natural resources are encouraged and fostered — the Municipality is going to promote the
value of sustainability for the region [I]. Without the sustainable use of certain resources, they are
destroyed, and floral and faunal species are becoming extinct. Ecotourism programs can be introduced for
the conservation of these resources [9]. Using more renewable resources and managing the GHG
emission can help the municipality to protect the environment and also to increase financial efficiency of
the tourism industry in Digby.

An Eco Industrial Park (EIP) is a community of manufacturing and service businesses seeking enhanced
environmental and economic performance through collaborating in the management of environmental and
resource issues [10]. Following steps should be taken to create an EIP:

e Creating energy/material pooling and to help tackle the problem of local resource scarcity;

e Decreasing energy/material consumption and, as a consequence, the expenses for energy/material
purchase;

e Reducing the cost of required energy/material

e Valorizing industrial energy/material waste;

e Decreasing environmental pollution [I1].

Historically, the economy of the Municipality of the District of Digby has been tied to resource sectors of
fishing, forestry and agriculture. Fur farming, particularly mink farming, is the largest contributor to the
Municipality’s agricultural industry. [I]. Currently the municipality is considering the growth of the
industrial site located south of Highway 217 which is bounded by industrial lots, residential lots, and
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institutional uses [5]. At this time, the area is approximately 60% occupied. Creating an EIP can encourage
other industries to move to this location because of low energy/materials cost and less environmental
effects. More industrial investment leads to faster economic growth in the both short term and long run.
It creates jobs especially for young generation and prevents population decline.

Figure 3 shows how the potential EIP and Ecotourism for the Municipality of the District of Digby align
with the current strategic plan.

Figure 3. Opportunities along with the Digby strategic plan

The suitable location of the Municipality of the District of Digby (Figure 4) provide access to abundance
of natural renewable resources such as Wind, Tidal, Hydropower, Biomass and Solar energy. Although no
single resource can supply all the energy demand and the electricity from fossil fuels may continue to play
a role but the municipality can reduce that role and create a diverse mix of energy resources. Renewables
fit into the generation mix as do energy storages.
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Figure 4. Available renewable resources in the municipality of the district of Digby

3 Ecotourism Opportunity

The district of Digby is rich in history and natural habitat, both of which draw visitors and new residents
to the Municipality. Ecotourism which respect the area’s wilderness and natural eco-systems, attracts
more tourists who enjoy the area’s beauty and outdoor recreation opportunities. To reach this goal, the
Municipality of the District of Digby needs

() To reduce the fossil fuel consumption and GHG emissions. It can be achieved by providing clean energy
from renewable sources to local facilities.

(i) To reuse waste materials for energy generation. Recycling and processing waste wood and other waste
materials from plants and animals to generate energy can support the local economy and a healthy
environment.

3.1 Energy Demand Analysis

The large public buildings in the municipality use more energy than residential buildings, consuming about
80% of the total delivered energy. Energy is used in the high demand facilities for a wide range of purposes,
such as heating and cooling, and lighting and air conditioning. There are eight high demand facilities in the
municipality (Figure 5):

Hospital

Area Recreation Facility (Arena)
High School

Elementary School

RCMP Office

Courthouse

Digby Lock-up

Provincial Buildings

© N WD =

The average yearly electrical and heat demands for these facilities, based on Lockheed Martin study [12],
are presented in Figure 6. Most of these facilities use Fuel oil for heating purposes but Arena uses Electric
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Heat for main arena rink. The average yearly oil consumption for the eight facilities is presented in Figure
7. The yearly GHG emissions is presented in Figure 8. Only hospital and two schools produce more than
750 tonnes CO»e each year.

Figure 5. High demand facilities in the municipality

Figure 6. Average yearly demand for the high-demand facilities [12]
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Figure 8. Average yearly GHG emissions from high-demand facilities

The two large facilities with the highest energy demand are the hospital and the high school with 1314
and 988-MWh annual electricity consumption and 85 and 146 m3/year fuel oil consumption respectively.
Digby General Hospital is located at 75 Warwick Street is open 24 hours a day, seven days a week. Its
energy consumption peak hours are between || a.m. and 8 p.m. according to their official website [I3].
The hospital’s last ten-year energy consumptions, from Nova Scotia Power’s data [|4] shows an almost
unchanging annual trend, as shown in Figure 9. Average energy daily consumption starts to grow in June,

reaches a maximum

sometime between mid-July and mid-August, and decreases until early October. It

seems in the summer time; more electricity is used for cooling. The only exception was 2016 in which the
maximum daily energy demand occurred in mid-March and relatively low demand was observed in the

summer.
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Figure 9. Average daily electricity consumption by the hospital over the last ten years

Digby Regional High School (DRHS) which is home to roughly under 500 students and staff, is located at
53 Mount St. DRHS is part of the Tri-County Regional School Board and is the only high school in the
town of Digby. The average school day runs from 7:30 a.m. to 5 p.m. [15]. Average monthly energy
consumption for the hospital and for the high school are presented in Figure 10. For both the hospital and
the school have less heat demand during summer, from June to September. Since heat energy in hospital
is also used for sterilization, autoclaves and ventilation processes [16], there are always a need for heat
(Figure 10b). The highest monthly electricity consumption for the hospital (Figure 10a), happening in July
and August because of cooling equipment [16], is around 137-147 MWh. The high school uses less
electricity in May, probably because of no school days for all students. The minimum demand for the high
school is 38 MWh in May and the peak demand is 98 MWh in February. The information presented in
Figure 10 are used to design the energy storage for this facility.
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Figure 10. Average monthly energy consumption for Digby hospital: a) Electricity, b) Heat; and Average monthly
energy consumption for Digby high school: c) Electricity, d) Heat [12]

3.2 Woaste Materials and Biomass

The Municipality of the District of Digby has a organized process to manage waste materials disposal,
recycling and compost [17]. Some of these waste materials that comes from plants and animals are
considered as a renewable source of energy, called biomass. When biomass is burned, the chemical energy
in biomass is released as heat. Biomass can be burned directly or converted to liquid biofuels or biogas
that can be burned as fuels. Some example of biomass, available in the local area, and their potential use
are

() Wood and wood processing wastes: It is burned to heat buildings, to produce process heat in industry,
and to generate electricity

(i) Agricultural crops and waste materials: Can be used as a fuel or converted to liquid biofuels

(iif) Food, yard, and wood waste in garbage: It can be burned to generate electricity in power plants or
converted to biogas in landfills

(iv) Animal manure and human sewage: It is converted to biogas, which can be burned as a fuel [18].

One of ongoing renewable project in Digby is the biomass project. The Southwest Eco Energy Ltd. facility
outside of Weymouth, Digby County, uses biomass composed of mink farm waste and municipal green
bin waste as feedstock to an Anaerobic Digester to produce biogas (Figure I1). The Municipality has a
plan to use this biogas to generate electricity which can be exported onto the local grid, generating
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revenue under the COMFIT program. Such revenue could offset or lower property taxes in the future.
Also, Université Sainte-Anne in Digby County uses renewable energy sources including a biomass furnace
fueled by locally-sourced wood chips [19].

Figure I 1. Digby mink farm (left) and the biomass facility based on biofuel produced from the mink farm [20,21]

Since the Municipality of the District of Digby has access to waste wood materials, an interesting option
can be generating electricity though a biopower plant. The proposed process burns wood chips directly
to produce high-pressure steam that drives a turbine generator to make electricity. The extra heat from
the power plant is also used to heat local buildings. These combined heat and power (CHP) systems
greatly increase overall energy efficiency to approximately 80%, from the standard biomass electricity-only
systems with efficiencies of approximately 20%.

3.3 Energy Storage Systems

Energy storage is a dominant factor in renewable energy plants. It can mitigate power variations, enhances
the system flexibility, and enables the storage and dispatching of the electricity generated by variable
renewable energy sources. Both electrical and thermal energy storage system help the Municipality of the
District of Digby provide a reliable and dispatchable energy to the residential and industrial buildings.

Electrical Energy storage systems provide a wide array of technological approaches to managing
the power supply in order to create a more resilient energy infrastructure and bring cost savings to
utilities and consumers [22]. There is a very wide variety of storage technologies for stationary
applications, but no technology is suited to serve all applications. A comparison of storage technologies
makes sense only with respect to a certain application. Comparison is very difficult anyway, because of
the numerous parameters that define the technical and economical performance of a storage system.
Therefore, it is necessary to use classification systems. Generally, the classification can be made based on
the way energy is stored, e.g., mechanical, electrical, or chemical [23].
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Figure 12. Classification of storage technologies [23].

Figure 12 shows the classification of electrical storage technologies. Below is a short description of the
most developed systems:

Compressed Air Energy Storage: utilizing compressed air to create a potent energy reserve

Solid State Batteries: a range of electrochemical storage solutions, including advanced chemistry
batteries and capacitors

Flow Batteries: the energy is stored directly in the electrolyte solution for longer cycle life, and
quick response times

Flywheels: mechanical devices that harness rotational energy to deliver instantaneous electricity
Pumped Hydro-Power: creating large-scale reservoirs of energy with water [22].

Thermal energy storage (TES) is a technology that stocks thermal energy by heating or cooling a storage
medium so that the stored energy can be used at a later time for heating and cooling applications [24].
Advantages of using TES in an energy system include an increase in overall efficiency and better reliability,
and it can lead to better economics, reductions in investment and running costs, and less pollution of the
environment, i.e., fewer GHG emissions [25]. TES combined with photovoltaic panels are industrially
mature [26] and utilize a major part of the Sun’s thermal energy during the day. During the low or no
solar radiation hours, TES is charged using low cost electricity.

Different Types of the thermal energy storage are presented in Figure |3. Following characteristics can
be used to choose an appropriate TES system:

Capacity defines the energy stored in the system and depends on the storage process, the
medium, and the size of the system;

Power defines how fast the energy stored in the system can be discharged (and charged);
Efficiency is the ratio of the energy provided to the user to the energy needed to charge the
storage system. It accounts for the energy loss during the storage period and the
charging/discharging cycle;

Storage period defines how long the energy is stored and lasts hours to months (i.e., hours,
days, weeks, and months for seasonal storage);

Charge and discharge time defines how much time is needed to charge/discharge the system;
and

Cost refers to either capacity (¢/kWWh) or power (¢/kVV) of the storage system and depends on
the capital and operation costs of the storage equipment and its lifetime [26].
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Thermal energy storage
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Figure 13. Types of solar thermal energy storage [24].

3.4 Grants and Financial Supports
Several Governmental foundations and programs support deployment of green energy production system
across Canada such as NRCan, SDTC and provincial programs.

Natural Resources Canada (NRCan) seeks to enhance the responsible development and use of Canada’s
natural resources and the competitiveness of Canada’s natural resources products. Clean Energy
Innovation Program of NRCan focuses on renewable resources, smart grid and storage systems; reducing
fossil fuel consumption; methane and VOC emission reduction; reducing greenhouse gas emissions in the
building sector; and improving industrial efficiency [27].

Sustainable Development Technology Canada (SDTC) is a foundation created by the Government of
Canada to support Canadian companies with the potential to become leaders in developing and
demonstrating new environmental technologies that address climate change, clean air, clean water and
clean soil [28].

Low Carbon Communities grant is a part of program that the Nova Scotia Department of Energy and
Mines has designed to help communities to create long lasting greenhouse gas (GHG) reductions and to
develop bright ideas for low-carbon, clean energy projects. Grants will be provided up to $75,000 up to
$75,000 to a maximum of 75 per cent of project costs [29].

3.5 Recommended Solutions

The recommended solutions to achieve the goal of ecotourism, is based on the development of renewable
energies align with energy storage systems. The main goal is to reduce fossil fuels consumption and to
reduce GHG emissions. The recommended solutions can not only make good sense environmentally, but
also economically.

3.5.1 PV-Thermal Energy Storage for Local Facilities

As a PV-thermal energy storage, buffer water storage tanks are good options for residential/small
industries space heating applications. This system, presented in Figure 14, produces hot water for domestic
needs to buffer variable rates of energy supply and demand [23]. The most common used PV-TES
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configurations are immersed tubes or immersed coils in the tank, backup external heater and a narrow
annular jacket around the storage tank [24].

Figure 14. Typical schematic of a solar-thermal energy storage.

The proposed system uses water as the storage medium. At low—medium temperature, water is one of
the best storage media: it has relatively high specific heat capacity, is chemically stable and is both widely
available and cheap. Its main inconvenience is its limited temperature range (20-95°C) but, for building
applications (our purpose), this is sufficient for space heating and domestic hot water production [23].

Ideas to improve water tank storage for solar systems providing both space heating and hot water
production (so-called ‘solar combi-systems’) have been reviewed within the IEA ‘Solar Heating and
Cooling’ (SHC) program in Task 32 ‘Advanced storage concepts for solar and low energy buildings’,
Subtask D ‘Water tank solutions’ [25].

To conduct a technical and financial analysis for installing TES systems in eight large facilities, we considered
following assumptions which are mainly realistic to optimistic:

e Space is available with no cost

e Electricity to be purchased from the grid at 12 ¢/kWh

e Cost of Fuel oil is $1.05/liter, escalated at 2% per year

e Cost of PV panels is $1.4/W including engineering and installation

o O&M cost is 2% of the total materials cost and increases at 2% per year
e  Water is available at no cost

e The project is eligible for NS Low Carbon Communities Grant

This grant is a part of program that the Nova Scotia Department of Energy and Mines has designed to
help communities to create long lasting greenhouse gas (GHG) reductions and to develop bright ideas for
low-carbon, clean energy projects. Grants will be provided up to $75,000 [26].

Table | shows yearly cost and GHG emissions for the current installed heating system in eight high-
demand facilities.

Table |. Current heating systems
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Fuel oil Fuel oil Energy
Facility consumption cost Heat Load Current cost
liters/year $/kWh kWh / year K$ / year

Arena 6955 $0.13 56259 7
Elementary School 50092 $0.13 405194 53
RCMP 12273 $0.13 99279 13
Hospital 84650 $0.13 684734 89
High School 145902 $0.13 1180201 153
Digby Lock-up 6158 $0.13 49812 6
Court House 20474 $0.13 165614 21
Provincial Building 44149 $0.13 357121 46

The output power of PV panels is estimated based on the model described in appendix I. Installing 40 kW
PV panels can generate 56 MWh energy per year. The systems were design to result in a positive net
present value for the project after 4 to 5 years.

The financial and environmental benefits of installing a solar thermal energy storage for the high-demand
facilities are presented in Table 2 and Figure 15.

Table 2. Financial and environmental benefits of solar thermal energy storage systems

S-TES Heat Fuel oil GHG Fuel cost Net Benefit Payback’
Facility Generation Saving reduction saving (subsidized) | (subsidized)
kWh / year | liters/year | tonnelyear K$ / year K$/year years
Arena 56259 7032 16 $7.30 $6.11 3.9
Elementary
School 56400 7050 16 $7.32 $6.13 3.9
RCMP 56400 7050 16 $7.32 $6.13 3.9
Hospital 56400 7050 16 $7.32 $6.13 3.9
High School 56400 7050 16 $7.32 $6.13 3.9
Digby Lock-up 49812 6226 14 $6.47 $5.27 4.5
Court House 56400 7050 16 $7.32 $6.13 3.9
Provincial
Building 56400 7050 16 $7.32 $6.13 3.9

* Considering NS Low Carbon Communities Grant
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Figure 15. Yearly Oil consumption reduction for 40 kW PV panel

Figure |5 shows the difference between the yearly oil consumption with and without TES systems. Since
the heat demand of hospital and schools are high, installing only 40 kW PV is not very effective. We did a
more detailed techno-economical analysis for Digby General Hospital and Digby Regional High School.
Heat consumption for the hospital and the high school are presented in Figure 10. Hourly and daily solar
irradiation were calculated and used to size the appropriate solar thermal energy storage system for these
two facilities. Considering |5 years payback period, the recommended design is presented in Table 3:

Table 3. Recommended design of solar thermal energy storage for the hospital and for the high school

Facility PV Panel (kW) TES (kWh) Oil Saving (%) GHG Reduction  Payback Period

(tonnely) (Years)
Hospital 485 1500 52 100 15
High 350 2000 22 71 15

School

Figure 16 compares the heat generated by PV panels and heat demand for both the hospital and the high
school. It can be seen that during the summer time, the heat generation is much more than the heat
demand. One solution can be designing a multi-purpose system which can deliver also electricity, especially
during the summer time. In that case, the module can deliver 194 MWh electricity per year for the hospital
and 143 MWH for the high school (Table 4).

Table 4. Delivered energy by PV-TES system for the hospital and for the high school

Facility Total Delivered Heat (MWh) Total Delivered Electricity (MWh)
Hospital 358 194
High School 252 143
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Figure 16. Annual Heat generation vs heat demand for a) Digby General Hospital; b) Digby Regional High School

The extra electricity can be used for cooling purposes. For example, during the summer time (mid-July to
mid-August), PV-TES system can deliver around | |4 MWh electricity for the hospital which is enough to
run an 8000 BTU air conditioner in 42 rooms [30].

3.5.2 Biomass Direct Combustion System

Using available biomass resources in the Municipality of the District of Digby, we can obtain both heat and
electricity at the same time. This combined heat and power system is illustrated in Figure 7. Steam
turbines work on the principle of the Rankine cycle, which consists of a heat source (boiler) that converts
water into high-pressure steam. A multistage turbine allows the high-pressure steam to expand, which
lowers its pressure. The steam is then transported to a condenser, which is like a vacuum chamber and
thus has negative pressure and converts, or condenses, the steam into water. Also, the steam can be
transported to a distribution system that delivers steam at intermediate temperatures for different
applications (district heating system) [31]. Seasonal heating requirements will impact the CHP system
efficiency [32]. The condensate from the condenser or from the steam utilization system may return to
the feed water pump, and the cycle continues. Cold water from the ocean or Bay of Fundy can be used
to condensate the steam after the turbine which reduce the total capital cost of the system (Figure 17).

Figure 17. Biomass direct combustion system

A typical biomass energy generation system is made up of several key components. For a steam cycle, we
consider the combination of the following items:
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(i) Wood chip storage and handling equipment
(if) Combustor / furnace

(iii) Boiler

(iv) Pumps

(v) Fans

(vi) Steam turbine

(vii) Generator

(viii) Condenser

Direct combustion systems feed a biomass feedstock into a combustor or furnace, where the wood chips
are burned with excess air to heat water in a boiler to create steam. Steam from the boiler is then
expanded through a steam turbine, which spins to run a generator and produce electricity [32].

To conduct a technical and financial analysis for a biomass energy generation system for the local facilities,
we considered following assumptions:

e Space is available with no cost

o Cost of wood fuel is $35.0/tonnes, escalated at 2% per year

e Financing for 20 years at the interest rate of 6.5%

e  O&M cost of the systems is 2% of the total materials cost and increases at 2% per year
o Electricity can be delivered to the large facilities (Hospital and High School)

e Heat can be delivered to both the large facilities and the residential buildings

Electrical demand for the hospital and the high school are presented in Figure 10. The average hourly
demand for these large facilities is 345 kWh. Considering a 40% variance, the peak demand is estimated
482 kWh, so we designed a 500-kWV system. The details are presented in Table 5.

Table 5. Recommended biomass direct combustion system for local facilities

Required Steam Turbine (kW) 500
Required Wood (38% moisture) (tonne/year) 1240
Deliverable Electrical Energy (MWhly) 875
Deliverable Heat Energy (MWhy) 2628
Installed cost (M$) 3.08
levelized cost of energy (¢/kVVh) 85

Because of access to wood waste martials at low cost, our proposed system costs less than similar small-
scale biomass electric plants (100 to 1500 kWV) in the US (Table 6) [32]:

Table 6. Small-scale biomass electric plants (100 to 1500 kW) in the US
Installed cost per kW ($) 3000 to 4000
levelized cost of energy (¢/kVVh) 8to I5
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The environmental benefits of the biomass direct combustion system are listed in Table 7. 2628 MWh
heat energy can save 325 m3 fuel oil each year. Also, the local facilities may consume less electricity from
Nova Scotia Grid which is generated from a variety of sources including coal, pet coke, natural gas, oil
[33]. The generation mix which can be seen in Figure 18 was used to estimate the reduction in the amount
of coal and natural gas consumption.

Figure 18. Nova Scotia Sources of Electricity: a) in 2007; b) 2018 Year-to-Date; c) 2020 Forecast.

Table 7. Environmental benefits of the 500-kVWV biomass direct combustion system

Coal Saving (tonne/year) 135-196
Natural Gas Saving (103m3/year) 17-43
Fuel Oil Saving (m3/year) 325
GHG Emission Reduction (tonne/year) 1041-1211

Considering following assumptions:

e Cost of Fuel oil is $1.05/liter, escalated at 2% per year
e Cost of Coal is $0.078/kg, escalated at 2% per year
e Cost of Natural Gas is $0.154/m3, escalated at 2% per year

e Carbon tax of $20 on every tonne of greenhouse gas emission starting in 2019, rising by $10 each
year to $50 a tonne by 2022 [34].

We estimated the total revenue for both the Municipality of the District of Digby and Nova Scotia:
Table 8. Economical benefits of the 500-kW biomass direct combustion system
Revenue for the Municipality (k$/y) 356-534
Revenue for Nova Scotia (k$/y) 32-57
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3.5.3 Energy Storage for Tidal Energy

Tidal Energy is classed as a renewable energy source, as the Earth uses the gravitational forces of both the
moon and the sun every day to move vast quantities of water around the oceans and seas producing tides.
Tidal energy, just like hydro energy transforms water in motion into a clean energy. The motion of the
tidal water, driven by the pull of gravity, contains large amounts of kinetic energy in the form of strong
tidal currents called tidal streams. The daily ebbing and flowing, back and forth of the ocean’s tides along
a coastline and into and out of small inlets, bays or coastal basins can generate considerable amount of
energy [35].

The Bay of Fundy has the highest tides in the world (up to 16m), and holds the greatest potential for a
tidal energy development in North America [36]. The tidal currents in the Bay of Fundy are fast, reaching
10 knots (5.1 m/s) at peak surface speed [37]. Oceanographers attribute it to tidal resonance resulting
from a coincidence of timing: the time it takes a large wave to go from the mouth of the bay to the inner
shore and back is practically the same as the time from one high tide to the next. During the 12.4-hour
tidal period, 160 billion tonnes of water flow in and out of the bay [38]. The estimated total extractable
energy is 2500 MW (out of about 7,000 megawatts of potential) without significant environmental effects
[36]. Several sites have been identified in the Bay of Fundy as viable locations for tidal power generation
projects including the Grand Passage (500 kWV), Petit Passage (500 kW), and Digby Gut (1.95 MW). These
specific projects have been accepted for COMFITs by Nova Scotia Power.

The predicted tide heights for the Digby Gut, 8.5 km away from the city of Digby, vary from the low of 2
meters to a high of 7.6 meters (see Figure 19). In addition to the daily period, the tides show a lunar
monthly periodic behavior during which the maximum tide height varies between 7 and 7.6 meters.

Figure 19. Predicted hourly heights [39]

Digby has been identified as the port of choice for tidal power development [40]. The Port of Digby is the
most accessible, deep water, ice-free Bay of Fundy port in Nova Scotia. Its proximity to the Bay of Fundy’s
designated deployment area for tidal power development makes the Port a strong location for this
emerging industry [41].
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Figure 20. Placed turbine in the Bay of Fundy in 2009 [42]

Currently Fundy Tidal and Clean Current Power Systems Inc. have an agreement to test and demonstrate
a 3.5-meter diameter 65kWV tidal turbine. This turbine will take kinetic energy from the flowing tidal waters
rather than water stored behind a dam to generate electricity. In-stream turbines pose less risk to the
local ecosystem. The project of 1.95-megawatt tidal energy in Digby Gut was expected to last |12 months
but it is not in service yet. Under the COMFIT program, Nova Scotia Power will buy energy produced
from those turbines for the next 20 years at a price of 65.2 cents per kilowatt [36].

Since Tidal energy is non-dispatchable due to its fluctuating nature, an energy storage system can increase
both the reliability and efficiency of the energy production system. A Hybrid thermal-compressed air
energy storage (HT-CAES) System is an energy storage system based on air compression and air storage
in high pressure tanks or geological underground voids (Figure 21). During operation, the available
electricity is used to compress air into a high-pressure storage at pressures up to 75 bar. The heat
produced during the compression cycle is stored using Thermal Energy Storage (TES), while the air is
pressed into the air storage. VWhen the stored energy is needed, this compressed air is used to generate
power in a turbine while simultaneously recovering the heat from the thermal storage [43]. The
opportunity of installing a compressed air energy storage technology for Nova Scotia Power has been
investigated before by SNC-Lavalin [44].

Figure 21. Hybrid thermal-compressed air energy storage (HT-CAES) [Adopted from Ref. [43]]

Digby Submissions February 14, 2020 Page 39 of 62


http://www.fundytidal.com/
http://energy.novascotia.ca/renewables/programs-and-projects/comfit

Nova Scotia Power IRP Final Report Appendix H Page 180 of 321
Storage Systems for the Municipality of the District of Digby Sigma Energy Storage Inc.
November 2018 - CONFIDENTIAL page 21

To design an appropriate energy storage system for available tidal projects, we considered following
assumptions:

e Space is available with no cost

e Line restriction is 900 kW for Grand and Petit Passage

e Line restriction is 1950 kW for Digby Gut

e Electricity from Tidal is available to store at no cost

e The efficiency of HT-CAES system is 40%

e Charging and discharging are variable

e O&M cost of Tidal and HT-CAES systems is 2% of the total materials cost and increases at 2%
per year

Th recommended HT-CAES systems for three locations are presented in Table 12. It can be seen that for
small tidal turbines (500 kW), the contribution of the storage to total production is small but for the large
tidal system (1.95 MW), the effect of HT-CAES is significant.

Table 9. Tidal energy system anchored with HT-CAES

Location Grand/Petit Digby Gut
Passage

Nominal Power kw 500 1950
Optimum Tidal Power kw 644 2450
Turbo-Expander Power kw 500 1950
Compressor Power kW 550 2040
Storage Capacity kWh 550 2040
Power Generation Improvement by HT-CAES % 18.4 17.4
Additional Power Generation by HT-CAES MWhly 542 1988
Deliverable Heat Energy MWhly 677 2485
HT-CAES Operation Hr./Month 90.4 85
Unit Cost $M 5.75 19.60
Payback Period Years 13.8 13

Assuming the electricity produced by the combined system (Tidal - HT-CAES) will send directly to the
grid, HT-CAES system can reduce the consumption of coal and natural gas and also GHG emissions. The
generated heat will deliver to local users which reduces the fuel oil consumption. The economical and
environmental benefit of the system are presented in Table 10. Installing an HT-CAES system in Grand or
Petit Passage can reduce GHG emissions up to 294 tonne/year while generating revenue for both the
Municipality of the District of Digby and Nova Scotia. For Digby Gut reduction in GHG emissions is 692-
1079 tonnelyear.

Table 10. Environmental and economical benefits of Tidal — HT-CAES system
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Location Grand/Petit Digby Gut

Passage

Coal Saving (tonne/year) 83-121 307-444

Natural Gas Saving (103m3/year) 10.5-26 39-97

Fuel Oil Saving (m3/year) 84 307

GHG Emission Reduction (tonne/year) 188-294 692-1079

Revenue for the Municipality (k$/y) 91-138 336-504

Revenue for Nova Scotia (k$/y) 19-35 71-128

3.5.4 Socio-economic benefits
Integrating renewables with energy storage into a microgrid results in short-term and long-term job
creation. A job is equivalent to the resources required to employ | person for |12 months [45].

Construction, operation and the energy saving generated by the investment can create opportunities for
workers (see Figure 22).

Figure 22. Jobs per million dollars of revenue by key sectors (Adopted from Ref.)

The number of jobs created during each phase of proposed systems is estimated from the money spent
for manufacturing, engineering, construction, operation and maintenance of our system (direct jobs) and
the costs saved by reduction in the energy price (indirect jobs). The number of jobs related to
manufacturing is estimated from capital costs. For the engineering and construction phases, a portion of
capital cost (usually 30%) is considered to estimate impact on job creation. The estimated number of jobs
for the recommended systems are presented in table

Table I1. Total direct and indirect Jobs created for each recommended solution (person per year).

System Manufacturing Construction Engineering Total Direct Total Indirect
Phase Phase Phase Jobs Jobs
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PV-TES for 10 5 2 17 9
Hospital & High
School
Biomass Direct 14 8 6 28 23
Combustion
System
Energy Storage for 24 10 5 39 43
Tidal Energy (500
kW)
Energy Storage for 84 37 18 139 147
Tidal Energy (1950
kW)

4 Eco Industrial Park Opportunity

Eco-industrial parks may offer the economical advantages of traditional industrial parks while also using
resources more efficiently, improving productivity, supporting the achievement of eco-social goals, and
lowering exposure to climate change risks. To reach this goal, the Municipality of the District of Digby
needs to reduce the cost of energy by providing clean cheap energy from renewable sources to local
industries.

4.1 Energy Demand Analysis

The industrial park is approximately 22 acres in area and is generally located south of Highway 217 and is
bounded by industrial lots, residential lots, and institutional uses. At this time, the area is approximately
60% occupied. The remaining available lands (in yellow in Figure 23) total roughly 10 acres and are
surrounded with streets that include municipal services including sanitary sewer, water distribution
system, overhead electrical, and paved roads with roadside ditches and culverts for drainage [5]. Figure 7
shows our current knowledge of current industries located in this site.
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Figure 23. Municipality of Digby industrial park [5][46]

Assuming 8 working hours per day and 261 working days per year, we estimated the energy demand of
the industrial park based on the type of industries. Table 12 shows our estimation of the energy
consumption.

Table 12. The estimated energy demand for the industrial park

Energy Consumption Peak Electricity Demand
(MWh/year) (kW)

2577 788 2126

Avg. Electricity Demand (kW)

4.2 Recommended Solutions

The recommended solutions to achieve the goal of eco industrial park, is based on the development of
biomass energies. The main goal is to reduce fossil fuels consumption and to reduce GHG emissions. The
recommended solution can not only have environmental benefits, but also economically.

4.2.1 Clean Microgrid with Biomass CHP System

Using wood waste to generate electricity as well as heat (combined heat and power (CHP) system), is a
suitable option for the industrial park which can run as a microgrid with zero carbon emission. Currently,
more than 55% of NS grid electricity comes from coal which results in many tonnes GHG emissions each
year. On the other hand, wood waste is technically a renewable energy resource because trees can be
replanted after they’re harvested. And because trees store carbon as they grow, replacement forests will
gradually remove the carbon dioxide emitted when the previous trees were burned for energy. In this
way, the whole process is carbon neutral, putting no net emissions into the atmosphere [47].

The advantage of the Clean microgrid system anchored with TES can be listed as follow:
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Has abundant, dispatchable energy capacity
Enables greater use of renewable power

Is stable and dependable

Brings cost of electricity to below grid average
Reduces fuel oil consumption and therefore
Reduces GHG emissions and black soot

Releases no harmful chemicals into the environment
Captures and redistributes waste heat

Lasts for 40+ years

Pays for itself and its replacement

Directly creates long-term jobs for locals

Provides energy stability to encourage economic and social development

To conduct a technical and financial analysis for a microgrid system for the industrial park, we considered
following assumptions:

Space is available with no cost

Cost of Fuel oil is $1.05/liter, escalated at 2% per year

Cost of Coal is $0.078/kg, escalated at 2% per year

Cost of Natural Gas is $0.154/m3, escalated at 2% per year

Cost of wood fuel is $35.0/tonnes, escalated at 2% per year

Cost of PV panels is $1.4 /W including engineering and installation

O&M cost of the systems is 2% of the total materials cost and increases at 2% per year

Carbon tax of $20 on every tonne of greenhouse gas emission starting in 2019, rising by $10 each
year to $50 a tonne by 2022 [34]

Financing for 20 years at the interest rate of 6.5%

Our optimization method aims to design a microgrid system including renewables to minimize the average
energy cost while meeting the demand (Table 12). We assume that the peak demand occurs between 8
am to 4 pm and it is 2126 kW. The average daily demand is 788 kW. The details are presented in Table

13.

Table 13. Recommended biomass direct combustion system for the industrial park

Required Steam Turbine (kW) 2200
Required Wood (38% moisture) (tonne/year) 12846
Deliverable Electrical Energy (MWhly) 7258
Deliverable Heat Energy (MWhly) 21790
Installed cost (M$) 5.73
levelized cost of energy (¢/kWVh) 7.2

Comparing Table 5 and Table 13 shows that levelized cost of energy cost intensity tends to decrease as
the system size increases. Small systems have higher O&M costs per unit of energy generated and lower
efficiencies than large systems [18].
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Assuming the current electricity source for the industrial park is the NS grid and also local industries use
fuel oil for heating purposes, the clean microgrid can reduce up to 3950 tonne GHG emissions each year
while saving coal, natural gas and oil fuel (Table 14). Saving on fossil fuels and also carbon tax can bring

revenue for both the Municipality of the District of Digby (up to $145k/year) and Nova Scotia Power (up
to $4.2M/year) (Table 15).

Table 14. Environmental benefits of the 2.2 MW biomass direct combustion system

Coal Saving (tonne/year) [121-1622
Natural Gas Saving (103m3/year) 142-353
Fuel Oil Saving (m3/year) 2694
GHG Emission Reduction (tonne/year) 8363-9374

Table 15. Economical benefits of the 2.2 MW biomass direct combustion system
Revenue for the Municipality (M$/y) 2.5-42
Revenue for Nova Scotia (M$/y) 0.12-0.14

The energy cost for the next 20 years is shown in Figure 24. The residential energy price form NS power
is higher than the energy production cost by the recommended microgrid. The cost of deliverable energy
by the clean microgrid system is 7.2 ¢/kWh in 2019 which will reach to 8.9 ¢/kWh in 2038. Lower energy
cost can encourage more industries to move to the industrial park.

The number of jobs created by deployment of a clean microgrid for the industrial park is presented in
Table 16. In addition to people coming to invest in the industrial park, building and installing a clean
microgrid can create 26 direct short term and 20 indirect long-term jobs.
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Figure 24. Microgrid energy cost versus energy price in NS

Table 16. Total dir