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Foreword

We are living in the era of the climate crisis. Busiresgsual planning for our energy systems
is no longer an option. No matter what action we take, our future holds unprecedented change.

In this moment, we can set an ambitious course for the transition of our energy, economic and
social systems that will meaningfully reduce emissions, create jobs and leave no one behind.
The actions we take between now and 2030 will be critical in how theatz crisis takes shape
over the many decades to come. Nova Scotia is well positioned to be a leadertrarbkison
andtake meaningful action on climate change. In ortteriseto the challenge, however, we

must do much more than is currently plarthe

There is no longer time for hatfieasures and disjointed incremental actions. When it comes to
climate change, there is a critical difference between d@agethingand doingenough

Moving forward, we must have the courage to look toward deep, syseaml changes

regarding the ways we produce, transport and use energy in order to set and meet climate
targets that keep global temperature rise to below 1.5°C.

This report proposes transition pathways for the electricity sector that are compellingabdid
realistic. We do not seek to fiavent or compete with largscope, milliordollar energy system
modelling efforts, but we hope to propose lesarbon scenarios for the electricity sector that
are technically, economically and socially achievable.

No mater which technologies or infrastructure we move forward with, when creating policies

FYR FNIYSg2NJla F2NI GKAA GNryarxdAzy 6S | ftolea
We must ensure that no one is left behind, and that the real benefits sftthnsition are seen

by those already affected, and those affected worst, by existing environmental injustice, energy
poverty and by the climate crisis.

Wherever possible, communiywned and Indigenouswned distributed resources should be
prioritized,energy affordability should be central, and community agency should always be
upheld.

Although the use of existing hydroelectricity projects helps greatly toward the decarbonization

2F b2 {O020A1 Q&4 St SOGNAOAGE delybroelsfrBiyHE YAEZX
projects should not be considered as a socially viable oreftsttive climate solution. The Gull

Island project in Labrador, for example, should not be constructed in the name of

decarbonization in Nova Scotia or elsewhere. This &knowledgement of the very real

Indigenous land rights considerations and issues of human health, habitat loss and
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contamination, and environmental racism that are routinely associated with new large
hydroelectricity projects.

Policy makers and institions need to take leadership from those most affected and allow
them to lead in creating and guiding the important work aheagbrkers, Indigenous
communities, AfricasNova Scotian communities, migrant communities,4awd middle
income people, rural camunities and young people.

We believe the analysis presented in this report is compelling, realistic and an example of the
scale of thinking that is necessary when responding to the climate emergency. Yet, this analysis
is only the beginning, and we welme analysis from government and the private sector that
builds upon the work of this analysis. We look forward to the necessary conversations that this
report can begin, and we look forward to working together to ensure we rise to this challenge
while leaving no one behind.

Together, we can get this done.

Stephen Thonma
Energy Campaign Coordinat&gology Action Centre
November 209
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Executive Summary

This report describes a scenario for an accelerated pbasef coal and oifired electricity
genemtion in Nova Scotia that results in a grid that is 91% supplied by renewable, zero carbon
electricity,by the year 2030. The scenario also includes shifting to more electric vehicles and to
electric heat pumps for space and water heating that reduceifal emissions from personal
vehicles by 50% and emissions from building heating systems by 67%. A snapshot of the
changes to the electric grid and the emissions in the scope of this analysis can be found in
figures ES and E&, below.

The results obur analysis indicate that such a transition is both technologically feasible and
fundamentally economic. This corroborates a growing number of studies that point to the same
conclusion: we have the technologies we need to make this transition, and tm®eces we

will create by implementing this transition are healthier, wealthier and more resilient than the
economies we will fall into by continuing to burn fossil fuels. Where we need to do the most
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work is on the soft infrastructure- on mobilizing thepolicies, institutional frameworks, and
financing systems needed to take solutions to scale and do it quickly.

The technical and modelling work in this report is based on the three pillars of low carbon

futures: efficiency, electrification, and decarbmation of the grid. It is only one illustrative

scenario, but it reflects the rate and magnitude of change that is needed to mount an effective
emergency responsié 2 NB RdzOAYy 3 SYAaarzya GKNRWHK®R dzi b2 dl
initial focusonat OOSt SN} 1SR aOKSRdzZ S ¥ 2 Nirddpdrieti Ay 3 R2gY
plants, the scope was expanded to include the fossil fuel consumption of buildings and personal
vehicles. Key measures include a comprehensive, 4oilllon dollar program of deep engy

retrofits of residential and commercial buildings; converting half thénedted residential

building stock to electric heat pumps; phasing out electric resistance heating in favour of heat

pumps for both water and space heating; continuous improvenaérhe efficiency of lighting,

appliances and other electrical equipment; and the growth of the electric vehicle stock to

include 125,000 plugn hybrids and 75,000 battery electric vehicles by 2030.

Energy in scope, Emissions in Scope,
PJ kilotonnes CO2e
120 12,00
100 - 10,00C
80 8,000
60 6,000
40 4,000
S . 0
2019 base year 2030 low carbon 2019 base year 2030 low carbon
energy scenario emissions scenario
W Grid for residential bldgs @ Grid for commercial bldgs O Grid for industry
B Grid for EV charging O Fuel for residential bldgs O Fuel for commercial bldgs

m Fuel for personal vehicles

Figure ES2. Energy (bes on the left) and emissions (bars on the right) included in scenario, 2019
baseline vs. 2030 low carbon scenario.

Supply side measures include 800 MW of new wind generation, 430 MW of solar power, the
construction of the second intertie with New Brunslyiand increased purchases of
hydropower resources from Quebec and the Maritime Link market block.
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As shown in figure EF in the 2019 base year simulation, electricity provides 35% of the energy
consumption included in the scenario analysis; by 203@ éleNA OA 18 Q4 & KI NB KI &
the total. Yet with comprehensive energy efficiency measures, total electricity consumption in
2030 is 7% lower than in the 2019 base year simulation. With the total consumption of

electricity held in check and everdining slightly, an expanded supply of wind, hydro and

some solar electricity is enough to supply over 90% of total generation by 2030, and the carbon
intensity electricity end use drops to 58 grams per kWh. The combined total of emissions from
electriaty generation and emissions from building and personal vehicle fuel use drops by 79%
relative to the base year level.

This analysis developed primarily as an emergency response strategy for addressing the climate
change crisis. However, as shown in FegES3, a preliminary analysis indicates that financial
savings from reduced fuel use in buildings and personal vehicles, and reduced fossil fuel
purchases for power generation, could largely and possibly completely pay for the annualized
investments in dep energy retrofits, electric vehicles, and renewable electricity generation
required by the low carbon scenario put forward in this report.

The critical challenges facing the deployment of a transition to a low carbon energy system that
is deep enough ahquick enough to constitute an effective emergency response to climate
change are not technogical, and neither are they fundamentally economic. The climate
emergency response scenario described here costs an estimated $1.6 billion in annual expenses
and annualized investments in buildings and infrastructure. Offsetting those expenses are
annual energy cost savings of $600 million in heating fuel, $529 million in gasoline savings, and
$222 million in reduced coal and other fossil fuel costs for eleptiiger generation. The

transition will revitalize local economies, generate a small army of professional and skilled

labour positions throughout the province, and largely or completely pay for itself while

doubling energy selfeliance and enhancing ecomac independence.
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Deep energy retrofit - residential I
Deep energy retrofit - commercial
Electric car premium
New wind
Hydropower from Quebec and M-Link market
New solar
Demand side management
N.B. intertie and transmission
Diurnal storage
Power sector fuel savings ]
Personal vehicle fuel savings |
Building fuel savings |
NET COST OF LOW CARBON TRANSTION ]

-800 -600 -400 -200 O 200 400 600 800
Millions of 2019%

Figure ES3. Incrementatosts, savings and annualized investments in 2030, low carbon scenario.
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Introduction

This report describes a scenario for an accelerated ploagef coal and oifired eledricity
generation in Nova Scotia that results in a grid that is 91% supplied by renewable, zero carbon
electricityby the year 2030 The scenario also includgisiftingto more electric vehicles and

to electric heat pumps for space and water heatifips wouldreduce tailpipe emissions

from personal vehicles by 50% and emissions from building heating systems by 67%.

The results of our analysis indicate that such a transition is both technologically feasible and
fundamentally economic. This corroborategrowing number of studies that point to the

same conclusion: we have the technologies we need to make this transition, and the
economies we will create by implementing this transitieitl be healthier, wealthier and

more resilient than the economies wall fall into by continuing taely on fossil fuels and
suffering the climate change consequengB§2][3][4][4][5][7]. Where we need to do the

most work is on the soft infrastruate -- on mobilizing the policies, institutional frameworks,
and financing systems needed to take solutions to scale and do it quickly.

Regarding the status quo planning of the electricity system in Nova Scotia, the transition to a

low carbon future hasiot yet been a central driver. Both Nova Scotia Power Inc. (NSPI) and

Efficiency Nova Scotia (ENS) are making investments and delivering programs that have the

effect of reducing greenhouse gas emissions relative to what they would otherwise have

been. Indeed, Efficiency Nova Scotia is widely regardeanasngthe most advanced

institutional delivery ageriesfor efficiency programs in Canad&dA Y R Sy SNH& Qa 02y (i N
G2 b{tLQ& adzZd) & YAE A& 3INBI (S5SNI danc&dngped f t GKS
capita basiss well ahead of all the other provinces in Canada except Prince Edward Island.
bSOSNIKSt Saasz GKS I OKAS@GSYSyld 2F b2@gl {O2G4Al Q
the mandate of these organizations, and so it is not surprigiagtheir planning and

investment strategies do not aspire &zhievedeep greenhouse gas reductions.islih the

point of departure for this scenario analysis; we are interested in the electricity system as an
instrument for responding to the climatex@ergency.

Thedecarbonization of electricity in Nova Scataisttake place at the same timas

St SOGNROAGEQEa aAKINB A& AYONBIlIaAy3ad ErddcalLl OS K
power generatiorcontributes a larger share of greenhouse gasgssions in Nova Scotia than

it does in any other province exceptberta and Saskatchewan, but it is still less than 50% of

total provincial GH@missions Thebalance corasfrom other sources, primdy vehicle

tailpipesand the furnace and boiler chimgs of residential and commercial buildingsated

with oil or gas Strategies for reducing greenhouse gas emissions from these sectors include a
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greater role for electric vehicles amgat pumpsn the province. fiese emergingnd usedor
electricity mus be considered in a holistic approach thatludesthe emission benefits of
electrification at the end use level while at the same time ensuring decarbonization of the
electricity supply so that the overarching goal of a climate friendly energy systetmeca
achieved.Bverything is connected and the simply stated goal of phasing out coal fired power
in Nova Scotia can only be effectively considered in the wider context of the transition to a
low carbon future.

There is a wide gap between what we mustahd what we areurrentlydoing to stave off

the climate crisis The climate emergency provides an opportunity to redirect our energy
system toward renewable, low carbon and sustainable operation. To do so wehmist

about the problem in new wayseframe and broaden the scope with which we are tackling
climate changeand act with dispatch to implement the business and public policy strategies
that can get us through the transition. These are the themes that we explore in this analysis.
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Approac h and Method

Approach and Context

The method and model developed for this analysis reflect both the objective of the exercise

and the constraints of the limited resources availaioledeep system modellingOur

objective is to describe, in quantitativerims, a future electricity system in Nova Scotia that

would be consistent with an effective emergency response to climate change. We interpret

this to mean a electricitysystemthat would be at least 90% carbdree by 2030, no longer

reliant on coaffired power, and able to meet burgeonimggowth ofelectric vehicles and

buildings switching from oil to electricity for spaeeating and hot water While limited

resources necessitated a simplified modeling and analytical approach, it is also the case that
AAYLIEAFASR | LIINRFOK Aa ¢gStf adadSR G2 GKAa (&

While many of the components of our scenario are generically the same as one finds in
conventional utility resource planning exercigesnergy efficiency, reewable energy, legacy
and conventional resources, demand respogdbere are significant differences in scale,
scope, method, and assumptions that #eis low carbon transition analysis apart from
conventional utility planning exercises:

We take a broadiew of the scope of energy end uses and services that must
0S AYyOfdzRSR Ay | &aOSYINAR2 lylfteara 2F GKS
to the climate emergency. Electrification of heat and mobility end uses is a
necessary component of any transiti¢o a low carbon future. It will not be
enough to produce carbofree electricity to supply the curremonsumption

of electricity in Nova Scotia; provision must also be made for the electrification
of the vehicle fleet, the switching of dieated resieéntial and commercial
buildings toheat pumps foelectric heat, and the conversion of water heating

to heat pumpbased systemsThis analysis considers the greenhouse gas
emissions from all the current uses of electricity, plus all personal use vehicles,
andall fossil fuel (mainly oil) space and water heating in residential and
commercial buildings.

In low carbon transition analysis, policy options and business opportunities are
based on end userdemands foithe goods and services that fuel and

electricity help to provide. In this framing, the system includeslénger web

of value creation to which electricity contributes. This approach is based on a
well established maxim that there is no primary demand for any commodity,
that the demand for a comuodity like electricity is derived from more
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fundamental demands for energy services (heat, mobility, information
transfer, light) which are in turn derived from even more fundamental
demands for amenity (e.g. health, comfort, convenience, access, knowledge
seltactualization). The price of a kilowdtour becomes relatively less
important in both policy analysis and business models, in favour of a focus on
service and amenity delivety.This leads to aharperunderstanding othe
business landscape,more strategic framing of opportunities and threats and
in the case of low carbon transition strategiés a larger solution set and a
wider net for engaging stakeholders.

Greenhouse gas emissions are tirectly to the level of energy use, and only
indirectly tothe levelof power consumption (thes® 1 f £t SR a LISl { RSYIlI YR
The amount of generating capacity required to reliably caliermaximum

rate of electricity consumption when the system peaks is argudialgentral
focus of utilityplanning,but peak power planning is not the foundation for a
low carbon transitionln a low carbon scenario analysis, it is the elimination or
minimization of fossil fuel consumption that is the central focus, and in this
frame the peak power levels are of lessmpbrtance thartotal energy
consumption. There are secondary considerations that bring peak issues into
our analysis, but the minimization of peak consumptitire variability of some
renewable resources, arttie provision of reserve capacity are rmoimary
concerns in this analysis.

As is characteristic of emergency responses, we do not start with the question
of what it would cost but with the question of what it would take to

adequately respondb the emergency We offer an analysis of the economic
costs and benefits of the scenario outlined here, but the economic assessment
comes after the scenario is developed. This is a different approach to that used
in most integrated resource planning exercises, where a cost test of some sort
isdefined,and theplan is then devised by including only those measures that
pass that testsometimes with @arbon cost added as an embellishment.

Thecosting of the low carbon transition with unit costs representative of
historical technologies and practices will overssite the cost of the

1 There are many examples where the importance of the price of electricity, as opposed to the overall cost of the
service and amenities being provided, is alreatiglmost no concern to the consumer or the producer. An

extreme but illustrative example is the common, edellar triple A battery, which delivers electricity at a cost of
more than $250 per kWh but makes an insignificant contribution to the oversilafdhe amenity being

provided.
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transition but we do not know by how much. Responding to the climate

emergency requires reducing fossil fuel consumption to very low levels in a

relatively short time and this in turn requires more aggressive mobilization of

energyd@ FAOASY O8 YR NBySglofS SySNH& NBa2 dzNDS
asdzi dzl £ ¢ AYy(GS3INIGSR NB&2dzZNOD&erwthr yad ¢KSasS N
higherthan the incremental implementation rates considered in commodity

price-based planningndthey will trigger business and financing innovations

that render obsolete current conventional wisdom on the costs of the

measures themselves. For example, when deep energy retrofits of buildings

are undertaken with the arewvide coverage envisaged in this scenarioheat

than with the scattergun approach that has characterized the retrofit industry

to date, pilot projects indicate thathe unit cost of those retrofits will go down

by 50% or more In thelow carbon future building retrofits will be

commodified, theimanagement and financing will be systemized, economies

of scale will come into play, and the level of activity will stimulate technological

and business plan innovations.

Scope

As with other rich, posindustrial economies, greenhouse gas emissions in IScoéia are
mainly the result of fossil fuel combustiomhere are nomnergy emissions from agricultural
and industrial processes, and from landfills and other waste management facilitieskient
togetherthese sources contributkess than 10% ttotal emissionsn Nova ScotiaThere are

also significant amounts of greenhouse gas emissions generated in the production of goods
that are imported to Nova Scotia that are outside the scope of this analysterms of direct
emissions in Nova Scotiaséil fuel combustion generates over 908ad there are three
dominant sourcecategories power plant stacks, the tailpipes of cars and trucks, and the
chimneys of residential and commercial buildings that use oil or gas for space heating.

This study haasits priority the decarbonization of the electric power sectut, as noted
above, the transition to low carbon will include strong growth of both eleetiticlesand
the substitution of electric heat pumps for oil and gas heated buildings. In ordsptore
this dynamic in our scenario, we have expanded the scope of our analysdudepersonal
vehicle gasoline consumption, and all fuel use by residential and commercial buildings.

b2@l {O02GAl Q& 3INBRJIE grelporBayed liFigure, Yhisévéncaegaiies,
with the coloured bars representing the emissions included in the scope of this analysis
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Figurel. Greenhousgasemissions in Nova Scotia, 2016

1. Emissions fronelectricity gereration. These emissions are represented in
the first bar and as a category represei@%i K S LIN®@ hre¢eOrdHdé
gas emissions in 20Ehd 46% of energgelated emissionsAlthough the
SYrAaaarzya Gl 1S L} | Combustion tirtdeahd tHermal G A It 2 6 SN
plants,they are shown here prorated to the sectors in which the electricity is
used.

2. Emissions from building fuel consumptiorThese are the emissions from
the use of fossil fusl¢ mostly light fuel oil but also natural gasfor space
and water heating in residential and commercial buildings.

3. Personal vehiclesThese are the tailpipe emissions from light duty vehigles
OFNARZ {! +QaX YR LAO]dzLJ ( NXzO1 a @ [ AIKGO @SK
vehicle weights under 4,500 kg, almaditof which are powered by gasoline.
There are about 620,000 light duty vehicles registered in Nova Scotia, split
60/40 between cars and light trucks. Almost all the cars andthwds of
the light trucks are for personal use. For scenario modelurggses, we
KIS AyOfdzZRSR Ay (KS addzReQa o6FasS &SIFENI 6un
personal light duty vehicles, and that the total grows at the same rate as
population.
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Not included in the analysis of this report are the following contributions of GHIGsens in
Nova Scotia:

4. Trucks This category includes the npersonal use component of the light
truck stock, plus all the medium and heavy trucks.

5. Other transportation These are the emissions frgrablic transit,airplanes,
boats, off road vehickand equipment construction and farm equipment.

6. Industrial fueluse.Industrial energy uses other than electricitgesare
included in this category and are comprised of fuel consumption for the
provision of medium and high temperature process heat dredspace
heating of industrial buildings.

7. All Other Emissionshese emissions come from a combination of-non
energy sources, including waste and wastewater management, and industrial
and agricultural processes.

The emissions covered by the scope of #nalysis (represented by the coloured bars in
Figurel) totalled 10.5 MtCQe in 2016, 67% of ainergy and norenergygreenhouse gas
emissions in Nova Scotia and 75% of all enestpted emissions. The power sector
emissions® 02 dzy (I T 2 NJ itk &6 Mt GGy duel doiisdurhidBon of residential
and commercial building®tals another 1.8 MtCQe andfinally the tailpipe emissions of
personal vehicleare2.1 MtCQe.

While the transportation analysia this repot is restricted to personal use vehicléise
elimination of greenhouse gas from transportation is a much broader t&agardingupply
chains related commercial transportatiognd personal access to goods aservices

vehicle electrification takes ate in the context of systemic transformatioriis
transformationincludes greateuse of public transportation, the emergence of mobitty
a-service, improved infrastructure and land use planning for active transportation, and
trends toward lower levis of mobility in the ways we access employment, education, goods
and services.

The size of the fuel and electricity markets in the Nova Scotia economy must also be
acknowledged. Nova Scotian households, firms and institutions spend over $90 p&Htion
weekon fuel and electricityequallingnearly $5 billion/yeaf. Added to this are all the costs

2 Cost estimates are based on fuel and electricity prices as compilbidtoyal Resources for Canada in the
National Enggy Use Data Handbook Tabsd consumption data frorBtatistics Canada, Table -26-:002901
Supply and demand of primary and secondary energy, annual
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and investments in the vehicles, buildingadequipment and related infrastructure that
give rise to the consumption of fuel and electricity.

Method

We use P19 as the base yeand 2030 as the scenario yearhe modelings carried out with

a system ofelational databasedeveloped specifically for this type of lortgrm scenario
analysis.We gart with a representation of annual electricity use in Nocati,

disaggregated by sectosubsectoland end use We also trackuilding fuel energy use and
personal vehicle energy use (and related GHG emissions) as described in the previous section

For the residential sectorhe total number of dwellings ised to population and household

size, with dwelling types disaggregated by type, (single family detached, single family
attached, apartments and mobile homesy floor areaand by vintage. The tertiary or output
thermal energy pedwellingis representd by housing type and vintage, with heating system
market shares and efficiencies determining secondary consumption of fuel and electricity for
space heat. Coverage includes both single fuel and relevanaddahultifuel heating

systems for oil, natulagas, electric resistance, electric heat pumps, wood and propane.
Water heating fuel or electricity consumptiqrer dwelling is based on per capita

consumption of domestic hot water, market shares of the different available systems, and
their correspondng system efficiencies. Electricity intensities are defined (per dwelling or
household) for lighting, air conditioning, and several major appliance categories, as well as a
miscellaneous category. The residential model was calibrated to total fuel acwliety use

as projected for 2019.

Formodelingcommercial and institutional buildingghe unit of activity ishe square metre of

floor area, and the sector is represented with same building types employdtural
wSa2dz2NOS [/ Iy I RIEQeny Uséafdhié&STFEBD) Bok tReSommercial sector,

the CEUD is only represented at the Atlantic Canada level, so we estimate floor areas by
building type for Nova Scotia using previous research experience and data calibrations from
the Canadian Energy $gm Simulato{CanESSjenerously shared by whatiffechnologies.
Energy intensities by building type and floor area, as well as electricity and fuel market shares
for space and water heating, are based on previous modeling experience, the literduere, t
CanESS calibration, and t@UD intensities for Atlantic Canada.

The industrial sectais represented in just two subsectorsthe Port Hawkesbury Paper Mill,
and all other industry. In the case of the industrial sector, wef@rased orelectricityend
uses, so the large differences in thermal intensities (process heat energy per doitdnef
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added (Gross Provincial Prod)dhat exist within the aggregate industrial sector anet of
scope for this analysis.

Personal use light duty vehicles ax&egorized by fuel typégaspowered internal

combustion engine (ICE), phughybrids and battery electric vehicles), annual vehicle
kilometres of travel per vehicle, fleet energy efficiency by vehicle type, and the percentage of
plugin hybrid vehicldravel powered by electricity.

Abalanced scenario of fuel and electricity supply and consumption is developed covering all
electricity-specificend uses in all sectors, plus space and water heat of all residential and
commercial buildings, plus personaallight vehiclesOur analysis useke following
stepwiseapproach:

1. The end use model is populated wiiltivity levels, energy intensities, and fuel
and electricity market sharedhis includesalibrated annual fuel and electricity
totals that alignwith projected 2019 total$or the following categories:
electricity consumption by sector, personal vehicle gasoline consumption,
residential and commercial building consumption of oil, gas, wood, and propane
for space and water heating.

2. An8760hourlyload shapeis appliedto each end use to develop amd-use
disaggregatedhourly profileof electricity consumption for the base ye&ior
residertial and commercial end usesimilarities between Ontario and Nova
Scotia in the temporal pattern of electig consumption at the subsector and
end use level facilitated the development of aggregate load shapes from a library
of Ontario load shapes maintained by the Independent Electricity System
Operator.

3. For general industrial electricity consumption, we asstandard EPRI load shape
for general manufacturing. For the Port HawkeisbPaper plant, we assume a
constant, yearound, 24/7 average, while recognizing that it has significant
demand responseapacity. Thelemand responseapacity of the plant is
important in the context okhortterm peak management, but not so much in
the context of thelongterm energy scenario developed here.

4. For electric vehicle charginge base our assumed load shape on research by
Hectric Power Research InstituteRE)[8], but in the low carbon scenario for
2030 we move some of thevening charging to the aftenidnight period, as
explained more fully in the section on the low carbon scenavite alscassume
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that EV energy use is 50% higher (per vehicle km travelled) from October
through March than during the rest of the yer.

5. Theprevious step resudtin a load shape and peak consumption result close to
the observed data in Nova Scotiathis stepminor adjustments are made to
the assumptionsegarding space heating intensities and market shacethat
the simulated results aligwith the observed dataon an hourly time scale

6. Calculate gross consumption of electricity by multiplying end use consumption
by a factor toaccount fortransmission and distributiolosses we assumesuch
losses in 2030 are 6.9% of end use consumptio

7. A simple treatment of diurnal storage is included in the analysis, in which
electricity is put into storage, up to a limit, during hours with end use
consumption below the daily average, and withdrawn from storage, until it is
used up, during hours witend use consumption above the daily averaghe T
hourly generation requirement is eqted with the gross consumptiqrplus or
minus any electricity put into or taken out of storage, using the following rules:

a. Calculate the difference between actual gsgansumption in each hour
and the average hourly gross consumption for that day.

b. If the hourly gross consumption (end use consumption plus losses) is less
than the average for the day, then the hourly generation requirement
will be equal tathe hourlygross consumption plus the difference
betweenthe hourlygross consumption and the average daily gross
consumption, subject to two constraint§ hehourly amount put into
storage is not allowed to exceed a specified maxinandthere is a
specified cap on tal storage capacity

c. If the hourly gross consumption is more than the average for the day,
then the hourly generation requirement will be equal to gross
consumption minus any available storage up to an amount equal to the
difference between the hourlyrgss consumption and the average hourly
gross consumption for the day.

8. Projectconsumptionto 2030 using assumed growth rates for population, floor
area, andGross Provincial Product (GPEmbined with assumptionsgarding
electricity market shares anefficienciesas described in more detail in the

3 This assumptiomay overallocate EV consumption to the winter months (one reviewer suggested 30% would
be a more appropriate difference) but total annual consumption is not affected.
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section on the low carboacenarioFor 2030add consumptionfrom expanded
electric vehicle population anidom the switching of oil heated buildings to
electric heat pumps.

9. Compile an hourly inventory t¢tie generation that is available. Our focus is on
the contribution that different generation sources could make to the energy
supply, and the extent to whictarbonfree, renewableresources could be
adzLJLX e Ay 3 b2 QI byR(3@ HakH geniatiod sofce GaNkaler i &
physical and sometimes contractual constraints on the amount of energy it can
supply at any given time, and these constraints are used to develagdy
profiles of the annual supplyotential of each resource.

10.Our purpose in matchosupply and consumption at an hourly level is to ensure
that we are including seasonal and diurnal variations in our assessment of the
potential for carbonrfree resources. Our focus is on whether therensugh
renewable energy supply, at the right tinoé year and the right time of day, to
provide for the level and pattern of electricity consumption in Nova Scotia. As
such the output of this exercise is not a dispatch analysist least not a
dispatch analysis on the time scale needed for daily afi@n and planning.
While an hourly time step is used for the analysis, there is a range of granularity
in the temporal scale of the different variableBor example,lte minuteto-
minute fluctuations in solar and wind supply are contained in hourlyages,
and the hourly averages are in turn averaged to produce twelvbed# days,
one representing the average 2wur day for each monthRegardinghe
combustion turbingCT)production, we have assumatinever drops below 50
MW, even thouglCTprodudion will be highly variableThese are asimptiors
that suit our objective butvould be out-of-place in a shorteterm dispatch or
grid management analysiscused on peaks and transients in system operation
over time scales that ammany times smallettanthe decadelong time horizon
of this analysis.

11.With the above caveat in mindpif each hour of the yeagvailable supplies of
generation are matched to thgeneration requirements using the following
rules to minimize GHG emissions

a. Apply all availal® wind supply.
b. Apply all available solar supply.
c. Apply Wreck Cove and Nova Scotia legacy hydro.
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d. Apply the Nova Scotiand theSupplemental blockfrom the Maritime
Link, using the current rulesboutseasonal and diurnal availability. Add
additional suppf from the MaritimeLink Market block, if needed.

e. Applyimports from Quebec, via New Brunswigkjeeded. Our scenario
includes the second tie lingith New Brunswiclkand an upper limit of
200 MW to the rate of imports via N.B.

f. Calculate the surplus dtricity (for 2030 only) as the difference between
0KS daolasS adzll e¢ ORSTAYSR | a& 6AYyRX
supplemental blocland in 2030 a 50 MWombustion turbine CT)
minimum) and the hourly requirement (consumption plus losses plus
storage). Because flexible hydroelectric imports (NB imports, Maritime
market block) are usually on the margin, surplus energy only occurs for
hours in which generation requirements fall below what we have called
the base supply. This is relatively rar@ur simulations, and in the
event would probably be avoided through adjustments to the hydro
dispatch, storage, or price incentives for EV charging and other end uses
OFLI o6fS 2F Gadzllll e F2ft20Ay3E

g. Close any remaining gap between consumption and supjplyfossil
fuel generation.For 2019, we use the forecaghscombustion turbine
(CT)utput for 2019 and thermal plants for the remaindeBy 230, all
requirements for fossil power are met with gasmbustion turbines.

h. Notwithstandingthe large supplyf variable hydro that is included in the
low carbon scenario, we also assume that gambustion turbineswill
contribute topeak shaving, transients and the provision of other grid
management service#n the absence of a detailed analysigto# short
term variability ofNova Scotigrid supplyin a low carbon future, we
assume a minimum of 440 GWh from the combustion turbines in 2030
This capacity would be dispatched as needed but for purposes of
including it in our supphdemand balance we assumestdelivered at a
constant average rate of 50 MW.

Wind and Solar and the Future Grid

Wind and solar are variable renewable energy (VRE) resources and the awitabénergy

and solar insolation varyn multiple time scales. Ultilities are accustomechandling

variations in the demand for electricity, which also occur on multiple time scales, but
accommodating a large contribution to electricity supply from wind and solar energy requires
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new technologies and new approaches to grid management. Imtgears, this has been an
area of intense research and development around the world and rapid progress has been
made in accommodating large amounts of VRE on electric grids. Several jurisdictions have
achieved and maintained wind energy shares of 50¥hane for extended perioddn 2018,

the South Australia grid generated more than 50% of its electricity supply from wind and
solar. The low carbon scenario in this study includes an electricity supply for Nova Scotia in
2030 that is 43% wind and 5% solar.

The key to achieving high percentage contributions from wind and solar is managing for the
variability, and the nature of the problem is graphically illustrateBigure2. The supply of

wind energy can and does fluctuate ovletcourse of any given day, can change quickly, and
periods of calm can last for hours or evien days. Figure3 illustrates the hourly output of a
typical kW of solar photovoltaic capacity for each day in January and in dulg,vaith the

hourly output of an average day for each month, angure4 illustrates the variability of

wind energy production in Nova Scotia over a meluthg period in the summer of 2019.

40% 60% 80% max
| | | |

normalized values

20%
|

0%

12:00 am 8:00 am 4:00 pm 11:59 pm
time of day

Figure2. Wnd generation (blue), solar (yellow) and demand (red) o\a€r@ay period,
superimposed and normalized to their maximum values. The bold, 4oghlighted black
lines represent the average Data from Bonneville Power for April 2010. Source: Barf®iart
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Figure3. Hourly output of 1 kW of solar pv capacity in January and in July.
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Figure4. Variability of wind energy on the Nova Scotia grid, Au@egitembef019. Fran
https://www.nspower.ca/en/home/abouwus/todayspower
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For the very shorterm variations (on a time scale of seconds or minutes), short term reserve
OF LI OA G & 2NJ &a LIApphed, ynd theNdBallehdeld Bat mudh differéntSrorh

the routine use of spinning reserve to match supply to sterin fluctuations in demand.

Longer term variationsn time scales of hours or days, present a greater challenge, and the
appropriate strateg will vary with local circumstancesiaving darge number of wind

machines that are geographically dispersed will by itself smooth out the aggregate supply of
wind power, but only to a degree, and periods of widespread and persistent calm must still be
anticipated. The grid must have a combination of reserve capacity, storage and demand
response options large enough to replace a drop in wind output, and that can be ramped up
as quickly as the wind supply dies off and throttled back at the same rateeagind returns.
Hydroelectric resources with reservoir storage, natural gas combustion turl@indbattery
storageare among the options that can be deployed in this role. Forecasting wind energy
availability is another key elemefdr ensuring a coseffective, reliable supply of power in a
VREdominated grid.

Nova Scotia Power hasiblished analysis dhe issues associated with an expansion of VRE to
0§KS LINE @Ay OS Q §0][$1f, Kot Nkt sdale envisdejel J6 tBe scenario
presented here, in which installed wind capacity grows to 1500 MW and VRE supplies 48% of
b2@dl {O02GA1 Qa St SO0 N Oaf ickv the RovaiSaatianged would béi SOK y A O
best managed with VRE in the 50% range is beyond the scope of this study but is a priority
planning issue for the successful deployment of an effective low carbon transition in the
province. We do include a numbereafments that are likely to be components of such a
strategyincludingthe increased reliance on variable hydroelectricity from the Maritime Link
and from Quebec (facilitated by the second intertie with New Brunswiicg)inclusion of

120MW and480MWh of storage capacitythe provision ofelectric vehicle charging
infrastructurewith vehicleto-grid capabilityand maintainingat least350 MW of gs

combustion turbine capacity to be deployed as needed for transient response and grid
management functions.

Forthe purposes of this scenario analysis, we assume annual capacity factors of wind and
solar are maintained at or slightly below their current levaige allocate the annual energy
availability of wind using 24X12 sets of 288 hourly averages publishEBdergy and
Environmental Economif&2]. These averages are portrayedliablel as varations from the
average annual hourly outpuflTable2 is a similar table for the 288 hourly averages for the
output of 1 kW of solar with an annual capacity factor of 12%. The temporal variafions
these sources are smoothed&vby this method, but it captures the diurnal and monthly
variations that affect their potential for meeting end use energy consumption patterns over
the long term.
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It is important to note that the graphical portrayadf wind and solar electricity suppin this
report (e.g.Figure9 through Figurel2, Figurel8through Figure20) representthe average
supply over entire seasonthfee-month periods) andas such do not reflect the variation
around tre averageathat occurs over the short and medium terms.

Tablel. Hourly wind power as a ratio of hourly output to annual average.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
January 1.22|1.20| 118|117 1.18( 1.18| 1.18| 1.18| 1.19| 1.16( 1.13| 1.12| 1.11| 1.12| 1.12| 1.13| 1.12| 1.11| 1.11| 1.13| 1.18| 1.19| 1.21| 1.21
February 1.15|1.15|1.16| 1.17| 1.17( 1.16| 1.15| 1.14| 1.11| 1.08| 1.05| 1.01| 1.00| 1.00| 1.00| 1.00| 1.00| 1.00| 1.00| 1.02| 1.05| 1.08| 1.11| 1.13
March 1.18|1.18| 1.17| 1.15| 1.16( 1.15| 1.15| 1.15| 1.14| 1.12| 1.11| 1.12) 1.13| 1.16 1.18| 1.20| 1.21| 1.21| 1.20| 1.17| 1.15] 1.16| 1.19| 1.21
April 1.03]| 1.04) 1.05| 1.06 1.07| 1.07| 1.07| 1.07| 1.05| 1.01| 0.99| 1.00) 1.02| 1.04| 1.07| 1.09| 1.11]| 1.13| 1.08| 1.05| 1.02| 1.00| 1.02| 1.04
May 0.97] 097 0.97| 0.98| 0.96| 0.96| 0.94| 0.93| 0.90| 0.86| 0.84| 0.85| 0.88| 0.92| 0.96| 0.99| 1.02| 1.03| 1.00| 0.98| 0.95| 0.94 | 0.96 | 0.99
June 0.93]| 0.93| 0.93| 0.92| 0.89| 0.88| 0.87| 0.84( 0.78| 0.74] 0.71| 0.71| 0.73| 0.78| 0.82| 0.87| 0.91| 0.92| 0.92| 0.89| 0.86| 0.87 | 0.89| 0.92
July 0.83]| 0.84| 0.84( 0.84| 0.82] 0.81]| 0.79| 0.76 | 0.69| 0.63 ]| 0.58| 0.57| 0.60| 0.63| 0.67| 0.70| 0.72| 0.73| 0.73] 0.71]| 0.70| 0.72| 0.78 | 0.82
August 0.79] 0.78 0.77| 0.76 | 0.75] 0.73| 0.71| 0.70 | 0.66| 0.60| 0.56 | 0.54| 0.57 | 0.60| 0.64| 0.67 | 0.68| 0.69| 0.68| 0.66| 0.67 | 0.70| 0.76 | 0.79
September 1.00| 1.01) 1.01| 099 0.96| 0.94]| 0.94]| 0.94| 0.93| 0.88| 0.83]| 0.80) 0.81| 0.83| 0.86| 0.88| 0.88| 0.87| 0.84| 0.82| 0.86| 0.92)| 0.95| 0.97
October 1.17(|1.17| 117|115 1.13( 1.13| 1.13| 1.13| 1.13| 1.11| 1.07| 1.04| 1.04| 1.05| 1.06| 1.06| 1.06 | 1.06 | 1.04 | 1.05| 1.09| 1.15| 1.17| 1.19
November 1.21|1.21] 119|119 1.20(1.20| 1.20| 1.20| 1.20| 1.18| 1.16| 1.14) 1.13| 1.13| 1.13| 1.13| 1.10| 1.10| 1.12| 1.15| 1.18| 1.22| 1.22| 1.23
December 120119117 115( 116 1.17| 1.16| 1.15| 1.15( 1.13| 1.11| 1.09) 1.08| 1.08 | 1.08 | 1.07| 1.07| 1.07| 1.10| 1.16| 1.21| 1.25] 1.26 | 1.25
Table2. Average solar production kWhfor 1 kW with capacity factor of 12%.
8 9 | 10 | 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 12 hr
total
Janary - - 001| 005| 0.27| 032| 0.26 | 0.04| 0.03| 0.02| o0.01 - 0.99
February - 0.00| 003| 0.09| 021 | 033| 0.28| 0.16| 0.10| 0.07| 0.04| 0.01 1.30
March - 000| 003| 011 | 023 | 049 | 058| 051| 043 | 035| 0.25| o0.07 3.05
April 000| 001| 0.14| 037| 047| 061| 063 | 060| 045| 0.39| 0.23| 0.07 3.96
May 001| 006 | 0.27| 044 | 055| 061| 063 | 061| 047| 037 | 0.24| 0.08 4.35
June 001| 005| 0.28| 043| 050| 054| 054 | 061| 049| 043 | 031 0.09 4.28
July 001| 003 | 0.26| 043 | 055| 0.61| 065| 065| 048 | 043 | 0.32| 0.09 451
August - - 0.02| 0.17| 037| 049| 056 | 060| 057 | 043 | 0.39| 0.19 3.79
September - 001| 004| 0.05| 026 | 057 | 061| 051| 045| 035| 0.19| 0.03 3.06
October - - 0.03| 0.07| 0.12| 046 | 048 | 037 | 0.16| 0.11| 0.04| 0.02 1.85
November - 001| 004| 029| 055| 053 | 0.28]| 0.14| 0.12| 0.07| 0.02 - 2.05
December - - 001| 004| 030| 0.34| 0.18| 0.05| 0.03| 0.04 0.00 - 0.99
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The Base Year (2019) Simulation

Electricity consumption in the baseyear

Table3 summarizes base year (2019) electricity consumptiosdmyor and by end uskand
Figure5 provides a graphical portrayal of the same informatibrgure6 and Figure7
illustrate the end use breakdown ftine average electricity consumption in wint@ec. 21
through March 20) andummer(June 21Spt. 21), respectively

As a starting point for the low carbon scenario analysis, there are a few observations about
the way electricity is used in Nova Scotia that are of importance:

1 For most end uses, the consumption of electricity is somewhat lowiein
summer than the winter$ace heating and air conditioning loads define the
seasonal difference in electricity consumption patterns in Nova Scotia. Average
and peak consumption rates in winter are typically@o higher than in summer.

Table3. Electricity consumption by sector and end use, 2019 base year (GWh)

Percent
Residential Commercial | Industrial | Transportation Total of total
end use
Space heat 2,036 671 2,707 26%
Equip/appliances 1,420 1,045 2,465 24%
Other industry 1,545 1,545 15%
Port Hawkesbury Paper 1,078 1,078 10%
Lighting 376 605 982 10%
Water heat 673 34 707 7%
Air conditioning 57 344 401 a4%
Motors 351 351 3%
Streetlighting 88 88 1%
EV charging 9 9 0%
Total 4,563 3,138 2,624 9| 10,333 100%
Percent of total end use 44% 30% 25% 0% 100%

4 Reviewers have pointed out that the estimate of 9 GWh for EV charging in the base geavably on the high
side, but the absolute total is too small to make a significant difference to the overall portrayal of base year
electricity consumption. The calculation of the EV charging total for the low carbon scenario in 2030 is
independentof this base year estimate.
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Figureb. Electricity consumption by sector and end use, 2019 base year

f On aday-to-day basisaveragesummer consumptiois & LJS | { An$hNuinter(i K |
again due to the differences in space heating and air conditioning consumption
patterns. Air conditioning load in Nova Scotia is dominated by commercial
buildings in the base year of this analysis, and the commercial air conditioning load
drops off by as much as 80% at night before ramping up again in the morning. In
the winter, the space heating load also drops off at night, but only by about 40%.
As a result, the dato-night swings in electricity consumption are both absolutely
and relatvely larger in the summer than they are in the winter.

1 The use of electricity for space heating is thedining characteristic of electricity
consumption in Nova Scotia and presents one of the central challenges to
achieving a low carbon grid. On an aahbasis space heating represents 26% of
total electricity consumption in Nova Scotia but over the winter months it
averages 47% of all electricity use and on the coldest days of winter space heating
accounts for more than half of total consumption, aswhan Figure8.

1 The use of electricity for heating in Nova Scotia is complex and dynamic. Some
buildings heat exclusively with resistance heating, some exclusively with heat
pumps, and some use electric resistameating or heat pumps in combination
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with one or more other energy sources (primarily oil and wood). Given this
complexity, estimating the market shares for each source depbnth on how

many dwellings have which type of system (for which there areoreasly reliable
statistics) but als@n what share of total heat requirements are supplied by each
source in the dwellings with two or more heating sources (for which there is less
reliable data). Total consumption can be calibrated with total sales Gata,
statistics on total wood and fuel oil consumption in the residential sector are less
reliable than statistics for electricity. In addition, the current strong growth in heat
pump installations makes for a moving target when it comes to establishiagea
year profile.

For our base year simulation, we estimate that 50% of the residential floor area in
Nova Scotia is heated with oil, 22% with electric resistance, 14% with heat pumps,
and 10% with wood. These shares for thermal output energy are cadbvith
system efficiencies to generate total fuel and electricity consumption for space
heating, and the results track reported sales of fuel oil, wood, and electricity to the
residential sector. With the prospect of much greater electrification of spac
heating in the transition to low carbomeyen ifthat expansion were comprised

solely of heat pumps, the thermal efficiency of the housing stock looms large as a
determining factor in the prospects for a low carbon future.

The Port Hawkesbury Paper ptaaccounts fombout10% of annual electricity use
in Nova Scotialtsuse isdominated by the power requirements of the thermo
mechanical pulping machines. The PHP plantdrasregularly usests capability

to scale back pulping operations during jpels of peak electricity pricing, but for
the purposes of our longerm scenario simulation, we assume a constant level of
consumptionthroughout the year.
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Figure6. Average electricity consumption in winter, 2019 base year
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Figure7. Average electricity consumption in summer, 2019 base year
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Figure8. Average electricity consumption for the five coldest days of the year, 2019 base year
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Baseyear (2019) electricity supply

The generating resources available in thase year (2019) of our scenario consist of the
currently productive generation facilitieplus the Nova Scotia and Supplemental blocks from
the Maritime Linkas described inecent Nova Scotia Power publicatigds8],[14]. The

supply mix in our base year is summarized@able4, along witha modified supply mix that
includes the Nova Scotia and Supplemental ddcm theMaritime Link. Although thee

flows of power from Muskrat Falls are nexpectedto begin until mid2020Q it is afait
accompliand for purposes of lonrterm scenario planning can be considered part of the
existing supply mix.

Table4. Base year (2019) electricity supply

With Maritime Link NS
Actual block and supplemental
block
GWhours Pe:g; Tt of GWhours Pe:g; Tt of
Thermal plants (fossil) 7,126 64.5% 5,957 53.9%
Wind 2,225 20.1% 2,225 20.1%
NS legacy hydro 648 5.9% 648 5.9%
HQ hydro via NB 429 3.9% 429 3.9%
Wreck Cover 329 3.0% 329 3.0%
Gas CT 284 2.6% 284 2.6%
Solar 5 0.0% 5 0.0%
M-link: NS block 894 8.1%
M-link: supplemental block 275 2.5%
Total 11,046 100% 11,046 100%
Renewable share 3,636 33% 4,805 43%

Figure 9 and Figure 10 illustrate the average electricity supply in winter (December 21 though
March 21)and summer (June 21 through Sept. 20), respectivielyurell and Figurel2
show the samdigures but with the addition of the Maritime Link supply (NS and
supplemental blocks).As noted aboven page 12thesefigures are designed to illustrate
seasonal and diurnal variations in energy production and are bas#ue outputfor each
hour of the day, averaged over all the days in the specified seasosuch they are much
GavY220iKSNE (KIFy LJ2 NI Bénaiththa recer growsh linfwindippwes
andafter includinghydropower from the Maritime ibk, fossil fuel generation continues to
supply over half the electricity in the province.

a dzLJLJt
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Figure9. Averageelectricity supply in winter, 2019 (base year)
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FigurelO. Average electricity supply in sumer, 2019 (base year)
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Figurell. Average electricity supply in winter, 2019 (base year), including Maritime Link
(Nova Scotia block and supplementary)
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Figurel2. Average electricity supply in summ2019 (base year), including Maritime Link
(Nova Scotia block and supplementary)
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A Low Carbon Future for Nova Scotia

Low carbon futures: the essential elements

Over the past ten years there halbeen numerouscenario analyses of what low carbon

futures mght look like in advanced, pestdustrial economies lik€anadfl][3]. While they

differ in detail and emphasis, they share a set of common conclusions abeetald Y dza U

KF@gS¢ A0SYa GKFEG NS ySOSaalNE T2N GKS GNIyat¥
to renewable, carbon free energy.

1 First, the efficiency with which all fuels and electricity are usest more than
double. The efficiency gainsust be deep and widespread. This is acbnventional
demandsidemanagementDSM program; it will be a deeply transformative
transition in the energy system in which the emphasis shifts from the provision of
energy commaodities to the provision of engrgervices.Theprovision of human
needs and amenities with less fuel and electricity and more design and innovation is a
cornerstone of achieving the transition to a low carbon future. Without the efficiency
gains, the carbon free energy supply will hetable to cover th@rojected level of
consumption at least not on th030time scale that the climate emergency requires.

1 Second, electricity takes on a much greater role in the provision of personal mobility,
goods movement and heat marketsthat are currently dominated by fossil fuels.
Electrification almost always comes with a large increase in energy efficiency. In
addition to eliminating emissions at the point of end use, it also enables the efficiency
gains that are another essential elemerittbe low carbon transition. As illustrated
by our analysis, two examples that will be central to the low carbon transition in Nova
Scotia are the switch from gasoline poweneghiclesto electric vehicles, and the
switchto heat pumps for space and watheating in buildings.

1 Third, the electricity supply must come from carbivee sources. Without this
component, the end use emission reductions brought about by efficiency gains and
switching from fossil fuels to electricity will be clawed back at tbegr plans. The
generation of electricity from fossil fuels is a fundamentally inefficient progkss
radically new type of grid, powered by renewable and largely distributed sources, will
characterize low carbon futures

1 HFnally, even with efficiency gas and the shift to renewable electricity, innovation will
be essential. Theremust be innovation in fuel and electricity using technologMsst
importantly in the longterm, there mustbe innovation that results in human needs
and amenities being praded in ways that require less energy services and less
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consumption of fuel and electricity. After all, fuels and electricity have no intrinsic
value; their value is derived from the contribution they make in larger systems for
providing energy servicesish as heat, motive power, mobility, light, and information
transfer. BEven these energy services derive their value from their contribution to
meeting fundamentahuman demandsnd needs for comfort, convenience, health,
access, knowledge and self actmation. Theefficient and electric vehiclemnovations
that are disrupting the personal mobility system provide a good exanipkeddition,
telepresence technologies (e.g. telecommuting, teleshopping) are making it possible
to reduce the amount of pers@h mobility that is required to access goods, services
and employment. At the same time, esinaring services, mobildgsa-service
business models, and advancing automationtssesforming personal mobility and
promise more equitable access to travdhile at the same time reducing vehicle
ownership rates.

The targeted emissions

As noted above, the greenhouse gas emissiitisin the scopeof this scenario analysis
include all the emissions from the power sector, plus the emissions from the fuefuse o
residential and commercial buildings for space and water heat, plus the emissions from
500,000 personal vehicles, as summarized by end use and sourableb. When the

Maritime Link comesnlinein 202Q the incoming hydropoer will boost the renewable

share of the electricity supply to more than 40% and displace 1,000 kt CO2e pdtyear

with this increase in renewable energy on the grid, howeegtgctricity generation will remain
the largestsourceof greenhouse gas ensi®ns in Nova Scotia, and the carbon intensity of the
grid willremainrelatively highat 500grams CO2e per kWh.

Tableb. Greenhouse gas emissions in study scope @&)CO

With M-link NS and
2019 simulation  supplementary

blocks
Combustion turbines 170 170
Thermal plants 6,413 5,361
Subtotal forgrid 6,584 5,531
Personal vehicles 2,115 2,115
Residential space heat 1,125 1,125
Residential water heat 246 246
Commercial buildings 579 579
Subtotal building fuel use 1,951 1951
Total Emissions in Scope 10,650 9,598
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The key components of d ecarbonization in Nova Scotia

Activity drivers

In line with theclimateemergency, our decarbonization scendieouseson the year 2030.
The basegyearprofile of energy and emissions ispected to the year 2030 by escalating the
activity drivers of the end use models summarized ihable6. We adopt conventional
forecasts for population, household size, economic output, @tur purpose is to explore an
alternative energy future, given standard outlooks for underlying activity drivers.

Table6. Activity drivers for 2030 scenario analysis

2019 2030 AAGR
Population 957,317| 973,552 0.15%
GDP (billions of 2019%) 38 44 1.34%
Persongper household 2.32 2.15 -0.67%
Total housing requirement 412,636 451,918 0.83%
Number of residential dwellings
Single family detached 278,632 303,992 | 0.80%
Single family attached 28,106 | 33,304 1.55%
Apartment 90,575 | 99,535 0.86%
Mobile 15,323 | 14,913 -0.25%
Total number of dwellings 412,636 451,918 0.83%
Light duty household based personal vehicles
included in this analysis 500,000| 508,480 0.15%
Fuel intensity of personal vehicles (ICE), L/100k 8.0 6.8 -1.47%
Commercial and institutional floor eea Millions sq. metes | AAGR
Accommodate and food services 0.99 1.05 0.53%
Arts, entertainment & recreation 0.39 0.41 0.58%
Education 2.97 3.01 0.13%
Health care and social assistance 1.91 2.38 2.01%
Information & cultural industries 0.34 0.36 0.53%
Offices 7.62 8.12 0.59%
Other services 0.42 0.39 -0.85%
Retail trade 3.33 3.54 0.56%
Transportation & warehousing 1.07 1.09 0.13%
Wholesale trade 1.36 1.37 0.06%
Total floor area 20.4 21.7 0.57%
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1 Growth projections are modest for most categories thawve demand for energy
services. The population projection is only 0.15% per year, but a continuing decline in
the number of people per household results in projected growth in housing
requirements of 0.83% per yealhe population and household sigeojections are
based on long term historical trends published by Statistics Cdaafland trends in
the housing mix are based on t@®mprehensiv&nergy Use Databddé].

1 Single family detached dwellings continue to dominate the housing stockhere is
a slight shift toward single family attached housing and apartments, and the average
floor area of each increase3rends are based on tH@omprehensiv&nergy Use
Databasd16].

1 Improvements irthe fuel efficiency of personal vehicles continue, with the fleet
average orroad fuel efficiency reaching 6.8 L/1Rfh, a 15% gain.

1 Consistent with recent trends, commercial and institutional building floor area grow
more slowly than economic output, except for the health care sector where an aging
population drives growth in hospitals and other health care facilit®@smmercial and
institutional building floor area projections are based on projections of the Canadian
Energy Systems Simulafdr7].

GivenNBE OSy i UGUNBYR&a | yR iagde2ddlh A 2 IADONBIKAR @D didR § €
energyusing activities in the future represents a fundamental conservatism in this scenario
analysis.

1 We commented above on the current disruption in the transportatioatsg for
example, where casharing, telepresence and value and behavioural shifts could
accelerate recent trends toward lower rates of car ownership and personal mobility.

91 Similarly, we have assumed businessisual trends for growth in size of dwalljs,
even while the number of people per household continues to decline.

1 Demographic, economic and environmental factors could lead to a slowing of
consumerism.

1 Further declines in the consumption of newsprint, growing rates of materials reuse
and recyling, and innovation in industrial production systems are all current trends
with the potential to significantly reduce the level of enefigtensive primary
materials production.
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1 The changing nature of work being brought about by shifts in global jotamu
systems and the advent of artificial intelligence could havedaching implications to
the future consumption of fuel and electricity.

Factors like these sometimes called structural factors in energy analgsian act to

increase or decreadeel and electricity use, but in recent years they haeentrending

strongly in the directiorof moderating fuel and electricity consumption and greenhouse gas
emissionsand are likely to continue to do §&5],[16]. The low carbon scenario analysis

developed here does nphoweverNEf &8 2y (KSaS ayYS3ariNByRag T2N
carbonfree electricity system in Nova Scotia, and instead relies primarily on fuel switching

and technological efficiency improvements.

Residential and commerciabuildingsget deep energy retrofits

There is no pathway to a low carbon future for Nova Scotia that does not include both a
major upgrade in the thermal efficiency of buildings and a phasing out of oil heating, mostly in
favour ofhigh efficiency electric heat pumps. The efficiency improvement itself will not get
the job done, and the feasibility dfeating buildingsvith carbonfree electricity (via heat

pumps) hinges on reducirtge thermal energy requirementsf the buildinggo low enough

levels that there will be enough renewable electricity to go around.

Advances in technology and design are leading a trem@td high performance buildings
with requirements for space heating new buildingghat are lower than conventioria
buildings by 90% and marahile at the same timeroviding a more comfortable and
healthier indoor environmentMost of the buildings that will beccupiedin Nova Scoti@n
2030 are however already standing, and so the key to a low carbon transiticihe
buildings sector will requirthat these newtechnologiesand techniques arevidely applied to
existingbuildings. Although reductionsn thermal energy requirementsf 90%are not
feasibleonawidéd OF £ S F2NJ SEA &l Ay 3 20FdeAitahbingiicised AdRSSLI Sy
insulation, high performance windovend air sealing, combined wittontrolled ventilation
with heat recovery and moisture managemeoanachieve reductions in thermal energy
consumptionin existingresidential buildings by 50% more [20].

Buildings with high thermal efficiencidie thos achieved after undergoing deep energy
retrofits, have very stable indoor temperatures aack slower to respond to outdoor
temperature drops Thigeduces the urgency with which the energy supply system must be
capable of responding to weather changasd therefore isa significant systemic advantage
in the highly electrified low carbon future.
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In Nova Scotia, the thermal energy intensity of single family, deta(BEBDhousing varies by

age, reflecting the ongoing improvements in energy efficiency the past several decades.
Whereasthepré I NJ { C5Q&a KI @S | yydzf GKSN¥YIf SySNBHe@
MJ/n?, houses built in the last fifteen years have thermal requirements in the range of 300
MJ/m? and lower Lower absolute intensities baimilar trends exist for the attached housing

stock and for apartment dwellings.

In our climate emergency response scenario, 80% of the housing stock undergoes deep
energy retrofits by 2030, achieving average savings of 50% and bringing average thermal
energy requirements down to 225 MJA(121 kwWhim?) for single family dwellings and to 125
MJ/n? (80 kWhim?) for apartments. These target thermal energy intensities are eight times
higher than levels currently being achieved in new dwellings that meet Radsivse design
standards and are about double the potential for most existing dwellihgsle7

summarizes the thermal performance of the residential housing stock, per household and in
terms of the total thermal energy requiremés.

Table7. Thermal energy output of housing stock, base year and low carbon scenario (2030)

No. of dwellings | Thermal output Jﬁ:;&:iig?g;

(thousands) energy (GJ/HH) required (TJ)

Housing Type Vintage 2019 2030 2019 2030 2019 2030
Pre-1984 115 100 93 48 10.7 4.8
Single Family 1984-2005 107 98 57 34 6.1 34
Detached 2006-2019 57 56 51 35 2.9 1.9
2020-30 - 50 38 1.9
Subtotal 279 304 71 39 19.7 12.0
Pre-1984 8 7 89 46 0.7 0.3
. . 1984-2005 12 11 50 34 0.6 0.4
S"ﬂgciaeg"y 2006-2019 | 8 8 49 38 0.4 0.3
2020-30 - 7 38 0.3
Subtotal 28 33 61 39 1.7 1.3
Pre-1984 41 35 47 31 1.9 1.1
1984-2005 38 35 31 24 1.2 0.8
Apartments and Other | 2006-2019 28 27 27 23 0.7 0.6
2020-30 - 17 24 0.4
Subtotal 106 114 36 26 3.8 3.0
Pre-1984 163 142 81 44 13.2 6.2
1984-2005 156 144 50 32 7.9 4.6
Totals/Averages 2006-2019 | 93 91 44 32 4.1 2.9
2020-30 - 74 35 0.0 2.6
TOTAL 413 452 61 36 25.2 16.2
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At present, commercial buildings are less reliantrilrasidential dwellings on electricity for
space heating, but they will be increasingly electrified in a low carbon future and the
improvement of their thermal performance is a necessary precondition for a low carbon
transition. In the low carbon scenayithe space heating requirements of the base year stock
of commercial buildings are 25% below base year levels atie ipear2030 range from 282
MJ/m? for offices to 550 MJi? for hospitals and large hotels.

Electricresistance space and water heatirage phased out

The efficiency oklectric baseboard heating, conventional hot water tanks, electric furnaces
and other forms oklectricresistance heating igchnically 100% in the sense that all the
electricity is converted to heahut electric heat pmps are much more efficient in using
electricity to provide heat. As the name implies, heat pumps extract heat from the
surrounding environment Y R Ol y GKSNBoeée aft SOSNI IS¢ (KS
of three or more. There is a wide variatiyheat pumps for providing space heating and hot
water [21], and recent technological advances have resulted in air source heat pumps that
continue to operate efficiently at temperatures below minus 20 C. In Nova Scotia, heat
pumps deliver more than three ussiof heat for every unit of electricity consumed, on a
seasonal basis, making them three times more efficient than resistance heatiag.

transition to a low carbon future will require that the supply of carbon free electricity be
stretched as far as psible, and the heat pump will play a central role in this regard.

As part of the transformation of the building stock that is central to an effective climate
emergency response, electric resistance heating is phased out, for both water heating and
electrially heated buildings, in favour of heat pumga.the low carbonscenario, resistance
heating forspace and wateis replaced with electric heat pumps with average coefficients of
performance of 2.5 for the water heater system#/e conservatively assura@ effective
coefficient of performance for the space heating heat pumps in the low carbon scenario of
1.9, well belowcurrent best technology and taking no credit for any efficiency improvement
in heat pump operation that will come with warmer averageter temperatureg22]. Using
these factors, modern air source heat punggserating in Nova Scotiaill use ony 50% of the
annual electricity of 100% resistance electrical space heating.

Heat pumpsare substitutedfor oil and gasheating in buildings

Achieving a low carbon transition in Nova Scotia requires that the usitaid gador space
heating is phasedu, or at least reduced to very low levels compared to present practice.

There are61 million m? of residential dwelling space in our 2019 simulation, with half that
space heated with oil, 26 with electric resistance4% with heat pumps, and4% with woa
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and other fuels As noted in the previous item, fihe low carbon futureelectric resistance

aLJ OS KSFGAYy3 A& LKFaASR 2dzi Ay FI @2ofiagace ¥ KSI

heatingdrops from50% to 21% ofesidentialfloor area The result is a increase in thédeat
pump share of space heating from 14% in 2019 to 71% by 2030.

The transition in the way residential dwellings are heated in the low carbon scenario, as
compared to the base year, is summarized @ble8.

Commercial and institutional building floor area totals 20 milliwhin our base year

simulation (seélable6). The main sources of space heating are fuel oil (30%), natural gas
(36%) and electricity2@%). As in the residential sector, in the low carbon future electric
resistance heating is phased out in favour of heat pumps, and there is a shift from oil and gas
KSFGAYy3 (2 StSOGNROAGEI 6A0GK St SOGNFOAGREQA
heating growing to 48% by 2030.

Table8. Percent of residential space heating (tertiary) by source, 2019 base year and 2030 low
carbon scenario

Single Family Single Family Apartment and Totals
Detached Attached mobile

2019 2030 2019 2030 2019 2030 2019 2030
Electric resistance 15% 0% 2% 0% 5% 0% 22% 0%
Electric heat pump 14% 51% 0% 7% 0% 14% 14% 71%
Qil 35% 15% 4% 2% 11% 4% 50% 21%
Wood 7% 7% 1% 0% 2% 0% 10% 7%
Other 3% 1% 0% 0% 1% 0% 4% 1%
Totals 74% 73% 8% 9% 18% 18% 100% 100%

BEven with the large shift from fossil fuel to electric heat pumps in residential and commercial
buildings, the total amount of electricity consumption for space heating declines 18% by 2030
in the low carbon future This is the combined rdsof the deep energy retrofits and the

high efficiency of electric heat pumps.

Water heating goes all electric (heat pump)

In our base year simulation, the tertiary energy consumption of residential hot water heating
(i.e. beforeconsideringhe efficieny of the water heaters and the standing losses) averages
4.8 GJ per capitaihn the low carbonscenariowe assume a moderate 20% decline to 3.84
GJ/capita, mostly as a result of water efficient appliances but partly due to conservation

5 These are shares of floor area heated, not of the number of dwelliBgeellings with one or more heating

sources are expected to continue to be prevalent in Nova Scotia, se ihaeo oneto-one correspondence
betweenadwé t Ay 3Qa LINAYOALIE KSFiAy3a aeadSy dGeLls FyR (K
system.
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behaviour. In ouR019 simulation, 50% of the residential domestic hot wat@nsumptionis

provided by oil water heaters with 75% efficiency, 45% with electric water heaters (virtually

all resistance heating) and most of the remaining 5% with wood at 50% efficiency {&ad 0.

with propane at 65% efficiency)n the low carbonscenario, wood and propane retain their

share of residential water heating but by 2030 95% of all residential hot water energy

consumption is provided by heat pumps with an average coefficient of pedoce of 2.5.

tKS STFTAOASYOe 2F GKS KSFG LizyLla Y2NB GKlFLy 27
residential water heating, so that total residential consumption for water heating declines by

40% to 401GWhin 2030 from 6735Whin 2019°

In commercial buildingshot water consumption is a minor energy end usgdept for

hospitals hotels and restaurantsind electricity has a much smaller shate the low carbon
AO0SYFNA2Y GKS GSNIAFNE O2yadzYLIiA2y 7@%of K2G g1
energy consumptiondr hot water in the commercial and institutional sector is provided by

heat pumps.This results in electricity consumption for water heating in commercial and

institutional buildings increasing by godd to 180GWhin 2030from only 34GWhin our base

year simulation.

The gain in electricity consumption for water heating in the commercial and institutional
sector is more than offset by the reduction in the residential sector, resulting in a net drop of
20% in electricitgonsumed for water heating in the low carbon scenana2030 as

compared to the 2019 base year simulation.

Growth offsets efficiencygains for airconditioning energy consumption

In our base year (2019) simulatiaectricity consumption foair conditioningin commercial
and institutional buildings is six times greatermpared toresidential buildings (se€able3
andFigureb). Although the amount of residential floor area is three times greater than the
amount of commercial and institutional building floor area, in 2019 most commercial and

5 Heat pump water heating systems remove heat from the ambient air inside the house and during the heating
season this adds to the load on the spaeating system.Household water heating energy is much smaller than
household space heating energy, even after implementation of the widespread deep energy retrofits included in
the low carbon scenario. We estimate the ambient air heat pumps used farvdter systems in the low carbon
scenario would increase the annual electricity consumption of the heat pumps used to provide space heating by
7-10%. This has not been explicitly included in the estimate of the electricity consumption of the space heating
heat pumps included in the scenario. We do however use a very conservative assumption for the efficiency of
GK2aS adaeaidisSvya o/ht 2F moddp Fa O2YLI NBR (-RtimesdaigfrNIISR / ht Q.
than the impact of the water heating laé pump factor. In addition, the ambient air heat pump water heating
systems will reduce the load on the building cooling system during the cooling season, but we have not
subtracted those savings from the electricity consumption estimates for buildirgpaditioning, another
conservatism in the analysis presented here.
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institutional buildings already have air conditioning systems and most residential dwellings do
not. This balance is shiftindhowever,as global warming, rising incomand the growth of

heat pumps contribute to strong growth in the number of residential dwellings with air
conditioning.

Inthe low carbonscenarioair-conditionedfloor space in the residential sector increases by
7% per year, thereby more than douldi from 22% to 46% by 2030. Tdwsumptionper
dwelling also goes up as global warming increases cooling degree days by 1% per year. These
growth trends are partly offset by an increase in the averagdRS&HB5 by 2030 (from its

base year value of 12)ut the overallelectricity consumption for air conditioning in the
household sector more than doubles by 2080m 57to 125GWh In commercial and
institutional buildings, where cooling systems are alreattjely used efficiency gains more
than offsd the growth inconsumptionfrom hotter weather, and there is 19% decline in total
consumption by 2030. Coincidentally, this 19% efficiency gain in the commercial and
institutional buildings is about the same in absolute terms as the doubling of consanipti

the residential sector, and so the total consumption of electricity for air conditioning in 2030
is about the same as in the base year simulation Tsd#el0).

Efficiency continues to improve fdighting and otherelectrical equipment

While not as large as the contributions from phasing out electric resistance heating and
implementing deep retrofits throughout the building stock, the continuing improvement in
the efficiency of lighting and other electricity equipment andrides helps to achieve a key
challenge of the low carbon futurestretching the carbosiree electricity budget as far as
possible.

In the residential sectoper householcwnership levels and electricity intensitiage held
constant for freezers, dishwgaers, clothes washers and electric ranges. The average annual
consumption of refrigerators declines by 4% by 2030 (to 550 kWh per year) and the average
consumption of clothes dryers declines by 9% by 2030 (to 850 kWh per’yEar)the
miscellaneous dagory of household electricity consumption, which is comprised of a variety
of small appliances and electronic devices, annual household consumption in 2030 in the low
carbon scenario is 790 kWh, as compared with the base year level of 1,050 kish

represents &25% gain due partly to efficiency gains and partly to smaller household sizes that
reduce per household use of some of these devices. Finally, annual electricity consumption

" The potential for heat pump technology to reduce the electricity consumption of clothes dryers while at the
same contributing to both summer cooling and winter heating could resulfficiency gains for this appliance
far beyond what we have included in the low carbon scenario.
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per household for lighting declines by 2% per year, reaching 730 k\203fyas compared
with 912 kWh in the base year. This relatively low 20% improvement results mainly from
continued penetration of LED and other advanced lighting technologies, although some
reduction in per household lighting comes with smaller housekad.

For commercial and institutional buildings, and for general industry electricity consumption,
end use intensities (per square metre for buildings, per dollar of GPP for industry) are 25%
below base year levels in 2030, representniate of efficiesy improvement of 2% per year
between 2019 and 2030This is higher than the rate of growth for building floor area or for
industrial GPP, and so the result is an average 19% decline in electricity consumption for
these end uses in 2030 as compared witlii2. Finally, for the Port Hawkesbury Paper Plant,
annual electricity consumption in 2030 is held constant at the base year level of G\W88

Plugin hybrids and electric vehicles accelerate

The electrification of vehicles is another keystone elemenbwfcarbon futures. In Nova

Scotia, emissions from road transportation (cars and trucks, for both and commercial

transport)are second only to the power sector as a source of greenhouse gas emissions. As

the grid decarbonizes, transportation becomes thmest source of emissions, as is already

the case in most other Canadian provinces where electricity is less cartamsive than in

Nova Scotia. Ongoing improvements in fuel efficiency of vehicles with internal combustion
engines (ICE) kkamoderatedgreenhouse gas emissions from personal vehicles, but to date

GKS GNBYR G261 NR LAO7] dzLJ G NHzO{ §8[19R { ! +Q&a KI &

The greatest potential for reducing emissions from personal vehiclasdectrification. As
with the conversion fronoil heating to electric heat pumps, the conversion of vehicles from
fossil fuel to electricity results in dramatic improvements in efficien&yypical electric car
uses 2kWh perl00 km a gasolingpowered car vth that efficiency would have a fuel
consumption rating of 1.9 L/100 kfor about 145 mpg (Imp)).

Our2019 base year simulatidncludes500,000personalusé A 3K Rdzié @SKA Of Sa
pickups) which grows with population t608,500 Inthe low @rbonscenario, by 2030 25%

of these vehicles arplugrin hybrids that use electricity for 75% of the distance driven, and

battery electric vehicles make w@mother 15% of personal vehialse. Per capita vehicle

ownership is constant over the scenariorjpel, butwe have assumed 10% decline in per

capita levels of automobile traveleflecting a continuation of recent trends such as increased

active transportation, more compact land use patterns, and substitution of

telecommunication for mobility.
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Foro 20K (GKS . 9% QapowefeR poitishSf tHe plEIORyDvidk rillkaged average
electricity intensityis 20 kWHh 100 km. By 2030, the resultimgnsumption of706 GWhfor
electric vehicle chaing is offset by 0%+ drop in the gasoline consutigm of personal
vehicles in Nova Scotidhe electric vehicle scenario is summarize@able9. Annual
greenhouse gas emissions from combustmwered personal vehicle uskop by a 1,000
kilotonnesCQe in this scenario With the 91% carboifree grid in the low carbon scenario,
and assuming the electric vehicles are charged with average grid electricity, the associated
power plant emissions would be about 35 kilotonr@&3e. Even if the cars were charged with
electricity geneated entirely with electricity from gaBred combustion turbines or from coal
fired thermal plants, emissions would be less than the displaced tailpipe emissions from the
GSKAOf Sa GKS 9+xQa NBLX I OSo

Table9. Personal vehicles ingHow carbon scenario

2019 base 2030, low carbon
year scenario

Population of light duty vehicles 500,000 508,480
Billions of vehicle kilometres of travel (vkt) 11.5 10.5
Shares of vkt by vehicle type:

Conventional internal combustion 99.5% 60.0%

Plugin electric hybrid 0.5% 25.0%

Battery electric 0.0% 15.0%
Fuel intensity of combustion powered vehicle travel, 8.0 6.8
L/100km ' '
Electricity intensity of electripowered vehicle travel, 20 20
kWh/100km
Total gasoline consumption, millionsldfes 920 476
Gasoline GHG emissions, kilotonnes CO2e 2,115 1,094
Electricity consumption, GWours 9 710

Diurnal storage helps smoothonsumption patterns

As described in the section on Method, tlvev carbon futuredescribed here includes some
capadty for short term, dayto-daybattery storage of electricity. Tébatteries arecharged

during the overnight period when electricity end use consumption is at its daily minimum and
discharged during heavy consumption periods the following ddys is a area of intensive
research and development, amdany believe thamodular, utility-scale storage batteriesill

be widely deployed in the transition to a low carbon futi28]. With round trip efficiencies
approaching 90924], the losses are much smaller than for pumped storage and compressed
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air storage systems. Storage will play a strategic role in integrating and maximizing the role of
renewable electricity generation in the low carbfurture [11].

In the low carbon scenario presented here, there is usually amplahblarhydroelectricity
available on the margin (see the following section on electricity supply in the low carbon
scenario), and this limits the need for diurnal storage as a carbon reduction strategy.
However, in scenarios where fosied generation isnore heavily relied upon during

daytime peak periods, diurnal storage is a potentially critical component of an emission
reduction strategy. It is also complementary to grid management requirements in a grid with
a high percentage of its generation comifrom wind.

In our low carbonscenario, the storage charging rates@mewhat arbitrarilflimited to 50

MW, and the totalstorage capacity is capped at 4B0Wh, a level that is infrequently reached
given the 50 MW charging rule. Tdischarge timing isot optimized in this simulatior
discharging occurs when the hourly end es@msumptionexceeds the daily average,
continues until the capacity is depleteahd the system clears dailyor purposes of the
financial analysis of the scenario, we haveussel the 480MWh storage capacity is provided
by two 60 MW 4hour utility scale storage batteries.

While we have assumed utiligcale batteries in the financial analysis, the electric vehicle

batteries included in the EV scenario described above costdlzd used for diurnal storage.

Just as the tank® gasoline powered vehicles hold more fuel than is needed for the

commuting and relatively shorthomrm@ I & SR G NA LA GKIFG OKF NI OGSNAT S
so too will EV batteries store moreenegyk ' y A& YSSRSR F2NJ I (G@LAOI €
appropriate infrastructure and pricing incentives, EV owners with vehicles that are fully

charged overnight and are connected to the grid later in the day could make some portion of

their battery storageavailable to be uploaded to the grid during periods of peak

consumption.

/| 2YAARSNAY I 2dzald GKS 71 p Xienercluding thedum Ryridd,dzNJ 8 OSy
if they each have a battery capacity of 50 kwh and a third of them are connectecttorith

and authorized to make up to 50% of their battery storage available, it wmaldde 600

MWh of stored electricity during the day that was generated and stored irvéiecle

batteries during the previous night. By comparison, the hourly consamati electricity on

GAYUSNI RIFea Aa FNRdzyR mXZcnn a2 KX ada3asSaidAiy3a i
AY220KAYy 3¢ NRES FT2NJ St SOGNRO OSKAOf Sa Ay GKS
0F01 G2 GKS INARI . 9:+@QAIINBLNSESY{246A BAGYIWFR Odz
ANARI gAGK Ala KAIK LISNOSyidr3asS 2F gAYyR yR az
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batteries when there is surplus natispatchable generation that might otherwise have to be

curtailed.

Summary of electricity consumption in the low carbon scenario

Theconsumption of electricity in 2030 in the low carbon scen&isummarized by sector
and by end use ifiable10 andFigurel3 (which compare witilrable3 and Figure5 for the

base year). The changeelectricity consumption between 2019 and 2030 is shown for each

end use infablell and Figurel 3.

TablelO. Electricity consumption in 2030 in Nova Scotia, low carbon scé@aiib)

Percent
Residential | Commercial| Industrial | Transportation | Total of total

end use
Space heat 1,660 561 2,221 23%
Equip/appliances 1,391 848 2,239 23%
Other industry 1,238 1,238 13%
Port Hawkesbury
Paper 1,078 1,078 11%
Lighting 330 488 818 9%
Water heat 401 180 581 6%
Air conditioning 125 279 404 4%
Motors 283 283 3%
Streetlighting 53 53 1%
EV charging 706 706 7%
Total 3,907 2,691 2,316 706 9,621 100%
Percent of total end
use 41% 28% 24% 7% 100%
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GWthours

m Commercial = Residential Industrial = Transportation

Figurel 3.Electricityconsumptiorin2030in NovaScotia,lowcarbonscenario

Tablel1l. Changesn electricity consumption, 2019 bagear vs. 2030 low carbon scenario

GWhours consumption Change, 2012030

Aggregate end use category 2019 2030 GWthours | Percent
Space heat 2,707 2,221 -486 -18%
Industry 2,624 2,316 -307 -12%
Home appliances 1,420 1,391 -29 -2%
Comm bldg equip 1,396 1,131 -265 -19%
& plug load
Lighting 1,070 871 -199 -19%
Waterheating 707 581 -126 -18%
Air conditioning 401 404 3 1%
Electric vehicles 9 706 697 | Verylarge
Net decrease in consumption 10,333 9,621 -712 -7%
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Figureld. Change in annual electricity consumption, 2030 low carbon scenario vs. 2019

There are transformative changes beneath the surface of these numbers. Total electricity
consumption in the low carbon scenario in 2030 is 700 GWh or 7% lower than in the 2019

base ar, but this is the net result of a much larger 1,400 GWh drop in the aggregate
O2yadzYLXiAzy F2NJFff GKS SadrofAadaKSR SyR dzaSa:z
electric vehicle charging. With 75,000 battery electric vehicles and 125,00ngiygrids by

2030, vehicle charging grows from a negligible end use in 2019 to a 7% share of total

electricity consumption by 2030. At the same time, the equivalent of more than 100,000
NEBaAaARSYUOGALLf RgSttAyaIa &gAlOKharg ddderdid tieatiigz St SO
drops by 50% between 2019 and 2030, with similar trends in commercial building heating and
residential water heating.

¢tKS RNRBLI AY GKS 1 0&a2ftdziS Y2dzyd 2F St SOUGNAKOA
shareisincredsy 3 F2NJ aLJ OS KSIFGAy3aZ 41 GSNI KSFGAyYy3 |
KIFI@dS¢ Ay Fyeé §2¢ O NIhdiymadedmssidedy thezdidbibed g1 { O2
effects of the deep energy retrofits, which reduce thermal energy requirements per building

i
y
i A
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by 50%, and the phasing out of electric resistance heating in favour of heat pumps,withich
at leastdouble the heat delivered per kWh consumed.

Figurel5andFigurel6illustrate theaverage winter andusmmer consumption patterns, by
end use, for the low carbon scenaridhe line at the top of the chart represents the
generation requirement and is the sum of the end use consumption, the net storage, and
system lossesAverage hourly consumption in theinter is particularly sensitive to cold
weather, as illustrated ifrigurel?.

In the low carbon future,thé&d @ a4 SY Aa fSaa aLISIH1eé¢ o62G4K &St

heating consumption occurs disproportionately in the peak, dreddeep energy retrofits
therefore have the effect of reducindp¢ difference between the winter and summer
consumption levelsElectric vehicle charging occurs disproportionatilying off-peak
periods (middle of the night) and this, along with therdial storage system, also contribute
to the flatter load characteristic of the low carbon future.

In the2019 base year simulation, end use consumption peaks at 2,040 MW, plus system
losses of 141 MW for a total peak generation requirement of 2,181 MA2080 in the low
carbon scenario consumption peaks at 1,766 MW, plus system losses of 122 MW for a total
peak generation requirement of 1,888 MW. In the base ywarter consumption averages
50% more than in the summer, and this gap is reduced to 40208 in the low carbon
scenario. In the 2019 base year simulation, average end use consumption is 72% of peak
consumptionin the winter and 75% of peatlonsumptionin the summer; these figures

increase to 75% and 77%, respectively, in 2030 in the lolooascenario.
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Figurel5. Average electricity consumption in winter, 2030, low carbon scenario
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Figurel6. Average electricity consumption in summer, 2030, low carbon scenario
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Figurel7. Average electricity consumption for five coldest days of the year, 2030, low carbon
scenario

The program of efficiency and fuel switching measures described above, or one with
equivalent impact on electricity consumption, is the key enabler efttansition to both a
renewable electricity grid and a low carbon future for Nova Scotia. Even without any new
renewable electricity resources beyond those already committed (i.e. including the Nova
Scotia and Supplemental blocks from the Maritime litik@, lower level and flatter pattern of
electricity consumption would increase the percentage renewables share on the Nova Scotia
grid to 47% by 2030. Beyond that, and more importantly, it holds consumption to levels that
facilitate the development of aenewable grid by 2030 through additiortaldro imports and
domesticwind and solar resources.

Electricity supplyin . T OA 3 Aolv CatbAndf@ure

Inthe low carbonscenario, annuatlectricityconsumption in 2030 totals 9:6Wh and
generation requiremats total 10.3TWh The renewable electricity supply already committed
(including the Nova Scotia and Supplemental blocks of hydropower via the Maritime Link)

totals4.8 TWh To achieve the objective of a fully renewable grid requires an additional 5.5
TWh of renewable electricity supply
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Increasehydro powerimports via the Maritime Link

The low carborscenario includes an additional IT3Vhof hydropower via the Maritime Link,

over and above the 1.2ZWhfrom the Nova Scotia and supplementary blockswé&an this
RAAONBGAZ2Y L NE 2NJ &Yl Npr&ided it dobsh@ tausk the tatdl rat€ y | & Y
of import over the Linko exceed a limit 0800 MW.

Double down on wind power

Nova Scotia, and more specifically Nova Scotia Power, is an estaldiatedin the
deploymentof wind powerin Canadaonly Prince Edward Island has a greater share of its
electricity supply generated by windeven without including offshore potential, the wind
energy resource is many times larger thesting generationthe expansion of wind
electricity in Nova Scotia is not constrained by a shortage of {2

Our 2019 base year simulation include2 PWhof wind from over 30 turbines, almost all of

them brought online over geriod of less than ten yearsn the low carbonscenario, wind

energy production doublesver the next ten yeargeaching 4.4 Whby 2030. This is well

below the 5.86.0TWhA y Of dZRSR F2NJ b2 @I { GaAnadidanWikd/ D9 /[ 2y ad
Integration Stug (PCWI$)6] but is delivered in the context of the overall lower level of

electricityc/ a dzYLJG A2y Ay 2dzNJ aOSYyIFNA2 YR OoNARy3Ia gAY
to 43% by 2030. Depending on the capacity factors achieved by these new wind turbines,

they will add 606800 MW of additional wind capacity to the Nova Scotia.grid

Build thesecond tie link with New Brunswick and increase hydro power
imports from Quebec

Inthe low carbonscenariothere is 200 MW of capacity available via interconnections to New
Brunswick, based on the presumption that the second intertie will be built, ppgirof both

direct and indirect value in the decarbonization of the Nova Scotigfitijd As noted in the

Method section, imports via New Brunswick are applied as needed in our analysis, after Nova
{O2GA1 Qa R2YS&a0GAO NBySglofS NBaz2dz2NOSa yR LRg
beenfully utilized The flow of electricity vihlew Brunswick therefore varies the low

carbonscenario, from zero to 200 MW, but averages 115 MW. In terms of energgrts of

power via the New Brunswicktertie increase by 0.8Wh bringing the total to 1.0Whin

2030, all of which is assumed e a combination ofenewablehydropower and wind power

from Hydrov dz§06 S$O0 Q& S E A & (MivioBeledriigyfio® WybroQuetieSis well

within Hydrov dzS§6 $§0Q&8 SEA&GAY 3 3ISYSNIGAYy3 | yR- SELR NI
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a8 empdriisalés of BGITMVh andless than half of one percent of Hydro
a |y yalzandre thAS20BBWEF G A 2 v

5SSt 2L b2@dlF {O020A1 Qa a2t NJ L22gSN NBazd

Solar power generation increases0.47TWhin 2030. Using a conservative estimate of 12%

for the capacity factor, this represent8@MW of solarmphotovoltaic generation capacity

Like wind power, the solar energy generation is distributed and individual installations vary
from residential rooftop systems that are generally under 10 t&Narger installations on
commercial and institutional buildings that can be hundreds of kW (the largest such system in
Canada is over 1,000 ky¥) 1-100 MWutility-scale solar farms

Our scenario does not specify the mix of system typE® potential forresidential solar in

Nova Scotia in 2030 was recently estimated to bel8% MW, generating 10212GWh[27],

suggesting that this type of system could supply up to 45% of theT0\hin the low carbon
scenario. This would correspond to about 20,000 home installations, implying a solar

electricity generatoon less than 5% of Nova@ia houses.

Solar installations on the flat rooftops of warehouses, box stores, and other large commercial
and institutional buildings offer a potential equal or greater than that in the residential sector.
With a conservatively estimated 128apacityfactor, and given the range of solar insolation in
Nova Scotia, solar panels on these rooftops produce about 150 kiXear[28]. There are

at least 2 milliorm? of large, flat rooftops in Nova Scotia; if a third of these buildings installed
solar systems, it would supplYp0 GWhper year of solar power.

Utility scale solar farms offer a third mode of solar productigithoughthese installations

can locate 100 MW of solar capacity on one site, they are more typically in the 10 MW range
and generate around 1GWhof solar electricity per yearAt that scale, 120 such solar

farms could provide 16200 GWhper year, up to 40%f the 470GWhof the solar electricity

in the low carborscenario for 2030.

The renewable grid in 2030

With the addition of the supply blocks described above, the level and pattern of electricity
consumptionin the low carbon future is met with a grid this 91% renewable, with the
aggregate breakdown by source as shovablel2. The total of 10.3'Whincludes
transmission and distribution losses of 6.9% of end use consumg@iahall the end use
consumption summarized ihiablel0. Thisincludes thecharging needs of a fleet of 75,000
battery electric and 125,000 pleig hybrid electric vehicles andmaove awayfrom fossilfuel
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and electric resistance heating in favour of heat pumps for space and waénhe
buildings

Tablel2. Electricity supply in 2030, low carbon scenario

GWhours Percent of
total
wind 4,438 43%
Wreck Cove (hydro) 329 3%
NS legacy hydro 648 6%
M-link: NS block 899 9%
M-link: supplementay 263 3%
M-link: market 1,308 13%
HQ hydro via N.B. 1,013 10%
Subtotal- hydro 4,460 43%
Solar 467 5%
Gas CT 932 9%
TOTAL GENERATI( 10,297 100%
Renewable share 91%

Wind and hydropower each provide 43% of annual electricity, and solarilsotes an
additional 5%. The residual use of fossil fuel is restricted tdigascombustion turbines
which were deliberately left in the mix for their grid management benefits.

Figurel8, Figurel9 and Figure20 show the average electricity supply in the low carbon
scenario in 2030 for winter, summer, and the five coldest days of the year, respectively. The
dotted lines in these figures represent the level of generation thatil be required in

absence of diurnal storage, thus illustrating its load smoothing impact. When the line is
below the level of generation, it indicates that the storage system is being charged (as shown
by the green areas iRigurel5, Figurel6 andFigurel?, above) and when the line is above

the level of generation it indicates the storage system is discharging.
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Figurel8. Average electricity suppily winter 2030, low carbon scenario
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Figurel9. Average electricity supply in summer 2030, low carbon scenario
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Figure20. Average electricity supply on five coldest days in 2030, low carbon scenario

Integrated results z Toward a Carbon Free Nova Scotia

The scenario described above takes Nova Scotia a long way toward a-tabemergy
systembased on the three pillars of low carbon futures: efficiency, electrification, and
decarbonization of the gridlt is only one illustrative scenario, but it reflects the rate and
magnitude of change that is needed to mount an effective emergency response to the climate
crisis.

By 2030, half the buildings currently hedtwith oil switch to electric heat pumps]l the

water heaters in the province are converted to electric heat pumps, and a third of all personal

vehicle travel is powered by electricity. In the 2019 base year simulation, electricity provides

35% of the energy consumption included in the scenarig - t @ aA 4T o6& Hnon StSO
has grown to 55% of the total. Notwithstanding this rapid rate of electrification, and
GodzaAySaa | a dzadzZ ¢ LR2LIZFGA2Yy FyR SO2y2YAO0 3
retrofit of the building stock, the effiency gains of heat pumps, the inherent efficiency of

electric vehicles, and ongoing improvements in the efficiency of lighting and other electricity

using devices, total electricity consumption in 2030 is 7% lower in 2030 than in the 2019 base

year simulaion. In addition,fossilfuel consumption fopersonal vehicles drops by 50%,
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mostly due to the switch to electric drive, and fuel consumption for building space and water
heating drops by 67% from the combined effects of deep retrofits and the swithbab
pumps.

With the total demand for electricity held in check and even declining slightly, an expanded
supply of wind, hydro and some solar electricity is enough to supply over 90% of total
generation by 2030Emissions from the electric power systen2BB0 in the low carbon
scenario are 91% lower than their base year (2019) level, and the carbon intensity of
electricity end use drops to 58 grams p&Wh. In addition, the electrification of buildings and
the growth of electriovehiclescause emissionsom fuel consumption in buildings to drop by
69% and fronpersonal vehicles by 48%. Overall, @GldGemissions in the scope of this
analysis drop by 79% relative to their base year leélsen without additional renewable
electricity supply beyond thahcluded in the low carbon scenario, total emissions would drop
further with a more aggressive transition to electric vehicles or a more rapid transition to heat
pumps for space and water heating. elifeductions irgreenhouse gas emissions due to the
efficiency of heat pumps and electric vehicles are greater than the emissions from the
increase in electricity generation required to operate them.

Thegreenhouse gas emissions in the base year and in the low carbon scenario in 2030 are
summarized inrablel3. Itincludesa modified version of the base year emissions that reflects
the alreadycommitted hydro resources from the Maritime Link that will coordinein 2020.

Thed 6 ST2NBé¢ FyR Gl FGSNE 02y & tryrelited grgenhduBe gagizS f
emissions, are illustrated iRigure21 for the energy and emissions included in the scope of

the scenario.

Notwithstanding the transformative nature of this emergency response scenario for

decarboniaA y 3 b2@glF {O20Al Qa SySNHeée aeaisSy:s GKSNEB

assumptions used throughout the analysis. For exaniplao particular order:

1 the postretrofit thermal losses from the residential building stock are still
more than double the cuent passive house retrofit standard;

1 the thermal losses assumed for new housing are far short of current best
practice;

1 the growth in commercial and institutional floor area is likely overestimated,;

1 the Port Hawkesbury paper mill is assumed to sélbperating in 2030
without having achieved any efficiency gains in its electricity consumption;

1 the rate of lighting efficiency improvement underestimates the potential
impact of the market transformation to LED technology;
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1 there is no assumed improvemein electric vehicle efficiency beyond the
performance of currently available vehicles;
1 there is no explicit allowance for reduced space heating requirements due to

global warming itself;

1 continued, unmoderated growth in electricity for air conditiogirsassumed
with no allowance for the lower cooling requirements of the thermally
efficiend postretrofit housing stock;

1 the assumeccoefficients of performance of the heat pumps avell below
current best technology;

1 the efficiency of major householppliances remains unchanged,

1 a medium rate of improvement has been assumed for efficiency in electricity
use in the commercial and industrial sectors;

1 the structure of the Nova Scotia economy is held constant even though it has
been trending in the dection of lower fuel and electricity consumption per
dollar of economic outpuyt

1 the assumed capacity factors for wind and solar are relatively low and are
held constant over the scenario period;

1 solar generation is all fixed panel, with no tracking; and

f no credit is taken for a possible shift toward a culturéiai dzF F A OA Sy O@ ¢
which people consciously change their decisions and behaviours at home and
at work in order to reduce ecological stress and restore ecosystem health in
their communitieq29][30][31][32].

Tablel3. Greenhouse gas emissions in study scope (kt CO2e)

With M-link NS 2030, Low| Percent
2019 and
simulation supplementary Carbon change from
Scenario 2019
blocks

Combustion turbines 170 170 559
Thermal plats 6,413 5,361 -
Subtotal for grid 6,584 5,531 559 -92%
Personal vehicles 2,115 2,115 1,094 -48%
Residential space heat 1,125 1,125 302 -713%
Residential water heat 246 246 1 -99%
Commercial buildings 579 579 302 -48%
Subtotal building fuel use 1,951 1,951 605 -69%
Total Emissions in Scope 10,650 9,598 2,259 -79%
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Energy, PJ Emissions,
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2019 base year 2030 low carbon
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B Grid for EV charging
m Fuel for personal vehicles
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O Fuel for residential bldgs
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emissions scenario

O Grid for industry
O Fuel for commercial bldgs

Figure21. Energy(bars on the leftand emissiongbars on the right)ncluded in scenario,
2019 baseline vs. 2030 low carbon scenario
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Figure22. Electricity supply mix (MW), 2019 vs 2030 low carbon scenario
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Tale 14. The low carbon transition by the numbers

. 2019 base| 2030 low | Percent
Indicator
year carbon Change

Average dwelling size (including apartmentsj, 148 155 5%
Thermal energy loss of residential housing (kw#)/m 115 65 -43%
Average residential fuel and electricity consumption
(KWh/m?) 194 85 -56%
Residential floor area heated with electricity (thousand
of nm?) 22,202 49,537 123%
Percent of water heat provided by electricity 45% 95% 111%
Average energy intensity of conercial floor area
(MJ/n?) 1,040 665 -36%
Commercial floor area heated with electricity (thousang
of n?) 4,518 10,507 133%
Personal vehicle kilometres powered by electricity,
millions 43 3,552 8160%
Percent of grid electricity provided by renewables 33% 91% 176%
Percent of grid electricity from iprovince resources 29% 57% 97%
GHG intensity of electricity (g CO2e/kWh) 596 54 -91%
Grid emissions (kilotonnes CO2e) 6,514 559 -91%
Emissions from building fuel use, res and comm (kt CC 1,951 606 -69%
Emissions from personal vehicle fuel use (kt CO2e) 2,115 1,094 -48%
Emissions from electricity to charge electric vehicles (k Very
CO2e) ~0 39 large

Financial Costs and Benefits

The low carbon scenario described here comes with a complex mix ofarwbstavings.

Capital investments are required to carry out the deep energy retrafitstobuild additional
renewable electricity generation capacity and the second tie line to New Brunswick.
Increasecpower from the Maritime Link (above thNova Scotiand supplemental blocks)

and from Hydro Quebec (via New Brunswick) will increase the annual expenditures on
hydropowerfrom these other provincesOn the other side of the ledger, fuel consumption

for personal vehicles and for building space and wateit lneclines, and Nova Scotia 2 § S NI &
spending orimported fossil fues will drop to a fraction of current levels.

We havetaken ahightlevellook at themajor incremental costs and savings of the pathway
described in this report, and the results suggestttas transformative and disruptive as the
transition may be, it appears to be relatively inexpensiea net basislt is largely a matter
of capital expenditures for efficiency and renewable energy, offset by savings in annual
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expenditures on fossil &is. It will cost about$1 .6 billion per year and wvill save abou$14

billion per yearwith anet annual cost of abou200 million. To put this in context,

million isabouthalf of one percentob 2 @I { O2 ( A I Q& or&ldati0® dfthed 2 dzi LIdzi >
revenue the government colleces/ery yeaiin sales tax The measures in the plan eliminate

more than 7,000 kilotonnes &Qe per year by 2030

The value of the benefiti® our cost analysiare restricted to the direct energy cost savings

from the efficiency and fuel switching measuresenarios. It doesot includeany financial

credit forany collateral social, economic and environmental benefits that go along with a low

carbon economyand which are increasingly being recognized as equally oe veduable

than the carbon reductions themselve®/e haveusedconservative assumptions to

compensate for the lack of detail in this necessarily brbagsh assessmenandthe results

are sufficiently robust and compelling to establish the urgent neecfcomprehensive
FAYLFYOALT Fylfeaira FyR Ay@SadySyid aidNrdS3e 7F2

Our estimates of costs and savings are incremental to the status quo, including the already
committed blocks of power from the Maritime Link. Capitadtsaare annualized using a
discount rate of five percent over the life of the investmemtless otherwise noted.

The investments

Annualized investments and annual expenditures total $1.57 billion by.208@r theten-
yearimplementation period, capitdhvestment totals $9.9billion, annualized t&1.4 billion.
Annual expenditures in 2030 on Quebec and.ik hydropower and DSM total an additional
$147 million.

Residential retrofits-- $11 6 billion, or $756 millionannualized. At a scale of investent that
isusuallyassociated with supply side megaprojects deep energy retrofit of 80% of the
existing residential dwellings by 2030 is by far the largest cost of the low carbon transition.
The retrofits constitutea critical component of the lowacbon transition, both for the direct
energy and emissions savings, andtfagir role in keeping electricity consumption to a level
that can be met with renewable generation.

In addition to $7508610,000 labour costs, the kayaterial costs fodeep enegy retrofits in
the residential sector include insulati@nd air sealing$1,000) high performance windows
and/or wall reinsulation($18,000) heat recoveryentilators ($3,000)water heatingheat
pumps ($2,000), anadf some dwellings, conversion keat pumps for space heating
($10,000) Of the120,0000il heated dwellingshat are retrofit, 50% are converted to electric
heat pumps by 2030, as are@her 55,000 buildings currently heatedth electricity. Aotal
of 250,000 single family dwellingse retrofit by 2030 at an average cost$f0,000and a
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total cost over ten yearsof $101 billion. In addition, 80% of apartment buildings undergo
deep retrofits at a cost of $158250 per square metre, for a total terear investment of $1.5
billion. The residential retrofits are amortized over 30 years, yielding an annualized cost by
2030 of ¥56 million.

Some reviewers commented that these estimates are on the high end of the range of what it
will cost to achieve the thermal intensities and engggficiency gains included in the low

carbon scenario; the techniques for deep energy retrofits are developing rapidly and costs are
coming down. Also, as noted abgweproject of this magnitude (millions of windows,

hundreds of thousands of heat pumpsrried out over a tetyear period will result in

economies of scale, reduced labour time per dwelling, and other efficiencies that will

translate into cost savings of 50% or more, but we have not assumed such savings in this
estimate.

Commercial and in#tutional building retrofits -- $4.1 billion, $265 million annualized
Average savings of 25% are achieved in the 20.4 milifsguare metres of commercial and
institutional floor area, at a cost of $20@”. This cost is high for the relatively modéstel

of savings assumed, and sums to $4.1 billion over ten yaé@tsannualized costs reaching
$265 million by 2030.

Electric car premiura-- $750 million, $139 million annualizedVe have assumed a $10,000
premium for each of the 75,000 battery electrehicles in the low carbon scenamyen

though electric cars are expected to continue to come down in price and should eventually be
less expensive than gasol#pewered vehicles. The premium assumed here totZE0$

million over ten years. For thism, annualization is at 7% over 7 years.

General efficiency of electricity use$33 million per year. This represents an annual
expenditure in demand side managemeatsupport the achievement of the two percent per
year amual efficiency improvemerih electricity use in the low carbon scenaridote that

this spending, like othegstimates in this financial analysis, is incremental to current funding
support for DSM.

New wind generation capacity, $1.6 billion, $128illion annualized. The low carbn
scenario includes 800 MW of new wind generation, with an assumed capital cost of $2,000
per KW, annualized over 20 years.

New solar generation capacity, $1.027 billion, $82 million annualiz&dhis includes 467 MW
of solar photovoltaic generation at average capital cost of $2,200 per kW.
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New Brunswick intertieand other transmission. $500 million, $33 million annualizedhis
includes assumed cost sharing with New Brunswick of the $400 million second intertie, plus
an allowance for additional trangssion investments required by the shift to a hydsaid-
basedgrid.

Market-based hydropower purchases, $114 million per ye@his includes additional annual
power purchases by 2030 of 1,3@Whfrom the Maritime Link, (over and above the Nova
Scotia andupplemental blocks that are part of the baseline for this financial analysis) and
580 GWhof hydropower from Quebec, via New Brunswick. A price of $60/MWh is assumed,
reflecting the rate of the recently negotiated long term power supply contract between
Massachusetts and Quebec.

Utility scale battery storage, $210 million, $27 million annualize@he storage in the low

carbon scenario could be provided with two, 60 MW utility scale batter@apital costs are
currently $2,300/kW (with four hours of@tage) and are expected to drop as much as 50% by
2030, to less than $1,200/kW; we have assumed a capital cost of $1,750/kW for the 120 MW
of diurnal storage in the low carbon scenario, annualized over ten years.

The savings

Deep energy retrofits and eledfication, $600 million per year by 2030The reduction in

fuel oil consumption accounts for 80% of this total. Eighty percent of oil heated buildings
undergo retrofits, achieving a reduction of about 50% of thermal losses in the residential
sector and25% reduction in secondary energy intensity in the commercial/institutional
sector. Half the oiheated buildings that are retrofit are also switched to electric heat pumps,
and electric heat pumps displace 95% of water heating systems by 2030. Theingmai
savings are about evenly distributed between gas, wood and other fuels (mostly propane).
Savings are calculated at assumed prices in 2030 of $1/litre for oil, $ 4@/ gas, and
$330/cord for wood.

Reduced gasoline consumption for personal vehic&s29 million per year by 2030.

Gasoline consumption drops by ha#f a result oboth efficiency improvements and
electrification. Savings are estimated using an assumed price for gasoline in 2030 of
$1.15/litre. Total gasoline savings consumptiam personal vehicles declines from 920

million litres in 2019, to 476 million litres in 2030, by which time 25% of vehicles (125,000) are
plugrin hybrids using electric drive for 75% of vehikcllemetres travelled, and 15% of

vehicles (75,000) are batteglectric.

Reduced coal and other fossil fuel costs for power generation, $222 million/year by 2030.

This figureNB LINB a Sy ia GKS ySiG OKIy3aS Ay b2l {O020Al
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The total is dominated by an estimated $200 million peauryin savings in fuel purchaseBhe

low carbon scenario will also reduce the annual maintenance investments in the fossil fleet
(currently in the $50 million rang&yhile at the same triggering a smaller but offsettirmst
increase for theacceleraion of thermal plant decommissioninglVe have notnalyzed the
amount of reserve capacitgquired in the wind/hydro grid that is the core of our low carbon
scenarioor what role the legacy thermal plants might play in providingt reserve so we

cannot pecify the maintenance cost savings and accelerated decommissioning Eosts.
purposes of the scenario cost estimate, we have used a placeholder value of $22 million per
year innet savings, based roughly on the assumption that maintenance investmelhtsewi
reduced by 50%, and that the incremental costs of accelerated decommissioning will be in the
range of$3 million (annualized.In general, both the maintenance investment savings and
the decommissioning costs will increase as the decommissionineglste is accelerated.

Deep energy retrofit - residential
Deep energy retrofit - commercial
Electric car premium
New wind
Hydropower from Quebec and M-Link market
New solar
Demand side management
N.B. intertie and transmission
Diurnal storage
Power sector fuel savings ]
Personal vehicle fuel savings |
Building fuel savings ]
NET COST OF LOW CARBON TRANSTION [

-800 -600 -400 -200 0 200 400 600 800
Millions of 2019%

Figure23. Incremental costs, savings and annualized investments in 2030, low carbon
scenario. (Note that the estimate of the net cost of the transition includes no financial credit
for socieeconomic ad public health benefits, reduced air pollution, or greenhouse gas
emission reductions.)

8 As a point of reference, the analysis supporting the federal regulations for the reduction of GHG emissions
from coalfired power puts the incremental cosbif the early decommissioning all seven of the agats that

would otherwise continue operating beyond 2030 at $29 million ($3.75 million annualized at 5% over ten years)
[33]. This figure does not include the Tufts Cove units (oil/gas) or the Point Tupper biomasagiandf which

are relied upon for annual energy in the low carbon scenario presented here.
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The above summary of costs and annualized investments is depickéglire23. This

analysis is indicative; our objective was only to tést inancial feasibility of the low carbon
scenario to get an approximate understanding of its costs and benefits. We have included
350 MW of combustion turbine capacity and added 120MW/480 MWh of steom storage,
but we have not estimated the costs wianaging the shorterm fluctuations in power
production from wind and solar.

There is often little or no ugide to emergency response, only cost, but the climate
emergency is not like that. While the low carbon transition is expensive, it can nadrly a
perhaps completely pay for itself through the savings and avoided costs incurred when fossil
fuel consumption is curtailed.

Conclusion

Emissions from Nova Scotia power plants, buildings and personal vehicles total 10.7 million
tonnes ofCQe in the 201%aseline of this analysis, making up 75% of all the eneigyed
greenhouse gas emissions in Nova Scotia. This total will be reduced to G@d\fter

Muskrat Falls hydropower starts flowing through the Maritime lLmR02Q Nova Scotia

t 2 ¢ S N fuel FeBerators account for 56% (5.5 Mt), personal vehiote22% .1 M)

and fuel use in buildinger 20% 2.0 Mf) of these emissiondn the low carbon scenario
presented here, thesemissions can be reduced to 2.6 Qe by 2030through ase of
efficiency, electrification and decarbonization measurEsissions from the electric power
sector are reduced by more than 90% of their base year levels, even while tens of thousands
of oil heated buildings switch to electric heat and the electaicfteet grows to 125,000 plug

in hybrids and 75,000 battery electric vehicles.

Developed primarily as an emergency response strategy for addressing the climate change
crisis, a preliminary analysis indicates that financial savings from reduced fuellusklings

and personal vehicles, and reduced fossil fuel purchases for power generation could largely
pay for the annualized investments in deep energy retrofits, electric vehicles, and renewable
electricity generation that make up the core of the lowlwam scenario put forward here.

The critical path for the low carbon transition is the need for financing, logistical and business
model innovations for accelerating the deployment of the technologies at many times the
scale and at many times the speedt which they are currently moving forward. This

problem is epitomized by the deep energy retrofit of buildings. The low carbon scenario in
this report includes the deep retrofit &50,000 single family dwellings and 80,000 apartment
dwellings in a teryear period at a cost exceeding $11 billiorhis will require a small army of
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highly skilled professionals and tradespeople, with retrofit crews systematically evaluating,
planning and executing the retrofit of entire neighbourhoodbhis implies the
commodification of retrofits and their financing, the rapid training of thousands of building
technologists and skilled trades, and the removal of virtually all risk and capital investment
requirements from home and building ownersnot unlike the manner invhich power plants
are planned, financed, and built.

The critical challenges facing the deployment of a transition to a low carbon energy system
that is deep enough and quick enough to constitute an effective emergency response to
climate change are noethnological, and neither are they fundamentally econoniibe
climateemergency response scenario described harsts an estimated $1.6 billion in annual
expenses and annualized investments in buildings and infrastruc@ffsetting those

expenses arannual energy cost savings of $600 million in heating fuel, $529 million in
gasoline savings, and $222 million in reduced coal and other fossil fuel costs for electric
power generation. The transition wikvitalize local economies, generateany thousadsof
professional and skilled labour positions throughout the province, and largely or completely
pay for itself while doubling energy seéliance and enhancing economic independence.
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