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1 Introduction
The Minister of Energy of Nova Scotia, in recognition of the changes taking place in energy markets
and new technological developments that together will affect the delivery of electricity to Nova
Scotians, has launched a comprehensive review of the province’s electrical system. The Electricity
Reform Act passed by the government in the fall of 2013 calls for an electricity system review in
three areas:




Emerging technologies that impact demand and supply;
Market trends that help stabilize electricity prices; and,
Emerging trends in the oversight and delivery of electricity.

This study is aimed at helping Nova Scotians to understand which existing and emerging
technologies are likely to increase their role in Nova Scotia’s electricity market based both to
applicability and cost effectiveness. In particular this study of emerging technologies focuses on
three types of technologies: (1) generation; (2) conservation and energy efficiency, and (3) system
optimization (i.e., smart grid, storage, integration with distributed, regional and intermittent
generation).
The Government’s review will consider the implications of these developments for delivering
electricity in a more cost-effective manner over the period of the study (i.e., to 2040). Thus, this
study presents technologies that are currently available but not yet applied in Nova Scotia or that will
be available in the next five years which are expected to become cost effective within the study
period.
As further described in the individual chapters of the report, it is critical that Nova Scotians have a
clear picture of current and committed generation in the province as background for their
consideration of the energy future. The utility, Nova Scotia Power Inc. (NSPI), and the province,
through the Renewable Electricity Standard (RES), Community Feed-in-Tariff (COMFIT), and other
programs and requirements have already introduced a diverse, local, and renewable set of
generation sources into the province. These policies, together with Nova Scotia generation
commissioned previously, establish the groundwork for understanding the current generation
situation in the province, and these are presented in detail in the text, along with a presentation of
the potential generation technologies that should be part of the dialogue in planning the future
electricity system.
Supplying electricity in a reliable and cost effective manner is paramount, but so too is ensuring that
energy resources are employed responsibly, and that they satisfy ever more stringent environmental
obligations. Energy efficiency (EE) programs have been delivering electrical energy and demand
savings in jurisdictions throughout North America for over three decades and energy efficiency is
now regularly incorporated within the long-term electricity planning process. Today, the majority of
utility electricity long-term planning is conducted within an integrated resource planning (IRP)
process, and Nova Scotia (NS) is no exception.
Recent NS program results have demonstrated EE’s ability to deliver cost-effective savings in the
present and near term, and so Energy Efficiency is treated prominently along with other supply-side
considerations. The continued contribution of EE to Nova Scotia’s longer term electricity needs is
reliant on continued technology innovation and new, emerging technologies that will provide
additional savings opportunities and customer benefits into the longer term of the 25 year IRP
process. To this end, government, research, utility and industry players throughout North America
have developed extensive collaborative working relationships to continuously push new energy
efficiency technologies from the research & development stage into the market. This report presents
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selected examples of emerging EE technologies that offer the potential for EE to continue to be an
attractive long term resource option for Nova Scotia’s electricity future.
As the province transitions from fossil fuel supplies to a greater integration and reliance upon
renewable energy sources, it will be imperative to consider the optimization of the broader electrical
system. Renewable energy supplies have unique characteristics making their implementation,
relative to coal or natural gas generators, much more complex. Increased use of renewables will
increase the need to manage and shift peak demand and to focus on distribution grid stability as the
generation sources shift from central station fossil plants to a hybrid of centralized and distributed
generation resources which are both fossil and renewable.
Consequently, the optimal configuration of energy assets for Nova Scotia will be heavily dependent
upon the availability of renewable energy sources, the ability to store renewable energy such that it
can be used at some future time, the development and successful implementation of EE programs,
as well as a comprehensive architecture to deploy demand response activities in areas where they
have the greatest impact at shifting/reducing energy consumption. This capability starts initially with
metering and monitoring, then incorporates basic load control, and after continued deployment and
aggregation of loads, moves into advanced automation capabilities that provide the ability to operate
resources in an optimal fashion. Throughout this process, continued feedback of system
performance, both from economic and technical perspectives will help ensure that value is attained
as technologies mature and as performance metrics are achieved.
This report therefore is meant to inform Nova Scotians about how and why various electricity
generation, energy efficiency, and system optimization technologies may affect the electricity future
of the province. While no one has a crystal ball and can know what Nova Scotia's energy future will
look like over the next 25 years, it is important to try to understand which existing and emerging
technologies may increase their role in Nova Scotia’s electricity market over that time due both to
their applicability to the particular resources and needs of the province and their cost effectiveness.

1.1

Report Presentation

This report is organized in three distinct and stand-alone chapters. Each chapter provides the
reader with introductory background and context for that particular aspect of the electricity system,
as well as its own summative statement.


In Chapter 2 – Generation Technologies we discuss how and why various electricity
generation technologies may affect the electricity future of the province. The chapter provides a
background of the current situation with respect to the supply and demand balance and how that
is expected to evolve over time. It presents technologies both for central station applications, as
well as distributed applications for both renewable and non-renewable sources.



In Chapter 3 – Energy Efficiency and Conservation we present a summary of how the current
electricity load forecast treats energy efficiency, and provide a picture of the current deployment
and success of demand side management (DSM) in the province. We then present a selection
of potentially applicable emerging technologies for both energy efficiency and demand response.



In Chapter 4 – System Optimization, we present an overview of the challenges associated with
integrating renewable energy sources into the electrical system, and provide a framework for
potential near-, medium- and long-term strategies for the deployment of system optimization
technologies. Using this framework, we present the reader with the many advantages that
system optimization can bring to all stakeholders in the electricity system. Finally, we present
details on the various system optimization technologies, their costs, benefits and some of their
challenges. These technologies include energy management systems, advanced metering
infrastructure, and energy storage.
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2 Electricity Generation
2.1

Introduction

This chapter is meant to inform Nova Scotians about how and why various electricity generation
technologies may affect the electricity future of the province. While no one has a crystal ball and can
know what Nova Scotia's energy future will look like over the next 25 years, it is important to try to
understand which existing and emerging generation technologies may increase their role in Nova
Scotia’s electricity market over that time due both to their applicability to the particular resources and
needs of the province and their cost effectiveness.
In assessing the generation future of Nova Scotia, it is critical that citizens are provided with key
context about the electricity supply and demand characteristics of the province. The province's
generation will not play out in a laboratory or on a blackboard, but against the backdrop of key facts.
These facts include:










The electricity generation sources already in place, in the queue for deployment, and expected
to be retired and how those sources will be supplemented by the import of market-priced
hydroelectric generation from Labrador through the Maritime Link transmission connection
beginning in 2017.
Nova Scotia's commitment to a strong renewable electricity supply, with renewable sources
contributing 25% of net energy sales by 2015 and 40% by 2020, making the province among the
global leaders in sustainable electricity supply.
The interaction of generation sources that are "firm" (controllable by the utility Nova Scotia
Power, Inc. (NSPI) or other generation owners in the province) and those that are "variable"
(production levels controlled by natural cycles, like wind, solar, and tidal patterns).
The province's peak electricity demand occurring in the winter and the likelihood of this peak
increasing as more Nova Scotians adopt all-electric air-source heat pumps to meet their winter
heating needs efficiently.
The need for NSPI to continue to deliver power in a reliable and cost-effective manner and to
manage an increasingly non-traditional, "variable," and more environmentally-sustainable
generation mix in doing so.

The relevance of existing and emerging generation technologies should be reviewed in this context - which technologies are and may be commercially available in the next five, fifteen, and twenty-five
years and are likely to be cost effective and material contributors to the needs and goals of the
province. This will help advance the public discussion that the Energy Minister supports in
recognition of the changes taking place in energy markets and new technological developments that
together will affect the delivery of electricity to Nova Scotians. In assessing the generation future,
citizens should be mindful that many of the changes in the province's generation future have already
been set in motion by the 25% by 2015 and 40% by 2020 Renewable Electricity Standard (RES)
requirements listed above and by important provincial programs like the Community Feed-in-Tariff
(COMFIT). Nova Scotia is ahead of many jurisdictions in the world in establishing local, sustainable
generation through wind, tidal, bioenergy (biomass and biogas), and other renewable energy
sources within its generation mix. This chapter discusses that current and future generation mix and
what technologies may be feasible and material additions to fill any shortfall in that generation mix
and match the electricity demand needs of the residents and businesses in the province.
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2.2

Summary of Current Generation Situation

2.2.1 Background
It is critical that Nova Scotians have a clear picture of current generation in the province as
background for their consideration of the energy future. The utility Nova Scotia Power, Inc. (NSPI)
and the province, through the Renewable Electricity Standard (RES), Community Feed-in-Tariff
(COMFIT), and other programs and requirements have already introduced a diverse, local, and
renewable set of generation sources into the province. These policies, together with Nova Scotia
generation commissioned previously, establish the groundwork for understanding the current
generation situation in the province.

2.2.2 Generation "Capacity" (Power) vs. Generation "Production" (Energy)
When reviewing the topic of generation, it is very useful to think about both the generation "capacity"
in the province and the generation "production" and the differences between these concepts.
"Capacity" is the maximum rated ability or potential of an electricity generation plant (anything from a
large coal plant or a hydroelectric dam to a small wind turbine) to create electricity. This is
expressed in units of megawatts (MWs) or kilowatts (kWs). 1 MW = 1,000 kW. For example, one of
the Lingan coal units in Nova Scotia has a generation capacity of 153 MW. That means that it can
produce 153 MW during normal, full operation.
"Production" of electricity, on the other hand, is not about the rated potential of a source, but instead
the amount of electricity generated over a period. Production is measured in megawatt-hours
(MWhs) or kilowatt-hours (kWhs). 1 MWh = 1,000 kWh. For example, if a Lingan coal unit operated
at a capacity factor of 65% during the month of December1, it would have electricity production of
73,991 MWhs during that time. This is equal to its rated "capacity" of 153 MW multiplied by the 31
days in December and by the 24 hours in the day further multiplied by 65% of time the plant is
assumed to operate in December (153 MW x 65% capacity factor x 31 days x 24 hours/day = 73,991
MWhs).
By comparison, a wind generation farm would typically have a much lower ratio of production to
capacity than a coal asset. A wind farm with a capacity of 20 MW may produce, as a hypothetical
example, 5,208 MWhs during December, if we assume that the wind farm on average operates at
35% of its rated capacity over the course of the month.2 That MWh figure would equal the rated
capacity of 20 MW multiplied by its average "capacity factor" (realized production divided by
maximum potential production) of 35% multiplied by 31 days and 24 hours per day (20 MW x 35%
capacity factor x 31 days x 24 hours/day = 5,208 MWh). This production figure would be driven by
the varying wind speeds at its site; only sometimes will the wind be at such a sustained level that it
captures the full rated potential of the wind turbines.
The fact that wind generation has a much lower capacity factor (ratio of production to capacity) than
coal is not a design flaw of wind, but merely reflects the very different operating realities of these
assets. It also points out the critical distinction between "firm" and "variable" (or "intermittent")
generation sources. Electricity production from "firm" sources can typically be controlled by the

1

This capacity factor of 65% is only used for illustrative purposes. In practice, the maximum capacity of a coal
generation unit can be much higher.
2
Large wind farms often have capacity factors near 35%. Wind farms may operate near 100% of their rated capacity
at times of maximum sustained winds, but variations in wind speeds cause capacity factors realized over longer
periods (days or months) to be less than the maximum.
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operator up to a conceptual 100% capacity factor3 if it has the fuel source in place and there is
sufficient electricity demand to accept its full supply, while production from "variable" sources cannot
be controlled in that manner unless there is energy storage (e.g., large-scale batteries) associated
with those variable sources.
Examples of typically firm generation sources include coal, natural gas, traditional hydroelectric, and
bioenergy (from consistently-provided biomass and biogas feedstocks). Prominent examples of
variable resources include wind, solar, and tidal energy.
These distinctions between firm versus variable generation sources, and capacity versus production,
drive much of the electricity planning for all electric utilities and should be kept in mind as one
reviews the generation technologies that are important to Nova Scotia's present energy picture and
may be increasingly so in the future. This firm vs. variable distinction is very relevant because the
power system is continuously changing, and is impacted by various factors that change electricity
demand and supply from moments to seconds, seconds to minutes, minutes to hours, seasonally
and year to year. In the different time scales of operation, balance between load and available
generation must always be maintained.
The summary of Nova Scotia's generation mix will concentrate on measures of capacity (MWs).
Capacity is largely unaffected by operating decisions and predictions of natural resource patterns.
Capacity is also the basis on which NSPI makes many of its system-wide planning decisions and,
therefore, the basis on which members of the public may most directly engage with the planning and
rate-making processes affecting NSPI.
Nova Scotia's current operating winter capacity is 2,766 MW.4 The province’s current generation
mix for firm planning purposes is still dominated by coal generating facilities with 1,094 MW or 40%
of the operating winter generation capacity. The capacity share of each generation source is
depicted on Exhibit 1.

3

Due to lack of contemporaneous demand (e.g., reserving capacity for ramping up and down to meet NSPI systemwide needs), planned and unplanned outages for maintenance, interruptions in fuel supply, and other factors, many
firm generation resources do not achieve at or near 100% capacity factors in practice.
4
SNL Information Services. Winter capacity may be lower than nameplate capacity due to its estimated contribution
towards meeting peak demand requirements.
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Exhibit 1 2014 Winter Operating Capacity by Generation Technology

5

While coal has dominated Nova Scotia's generation capacity mix in the past, that is changing. Over
the last seven years, between 2007 and 2013, 58% (or 285 MW) of the total new nameplate (rated)
generation capacity of 494 MW on NSPI was from wind turbines. Another 12% (60 MW) was from
bioenergy plants and 30% (148 MW) from modern, combined-cycle natural gas. There are also
approximately 152 MW of new wind turbines that are scheduled to be completed between 2014 and
2016, 12 MW of new biomass units expected to come online in 2014 and 2015, and 5 MW of new
hydro units that are expected online in 2015. The growth of generation on the NSPI system over the
2007 to 2016 period is reflected in Exhibit 2 below. This table does not include Community Feed-inTariff (COMFIT) supported generation assets in the province. The COMFIT program has approved
200 MW of projects (e.g., bioenergy, wind, and tidal), and NSPI forecasts that 100 MW of these
projects will be completely developed by 2017 consistent with COMFIT's original capacity target.
Exhibit 2 Actual and Planned Builds in Nova Scotia (Nameplate Rated Capacity rounded to the
6
nearest MW)
Energy
Source

6

2013

2014

2015

2016

Total
20072016

43

38

6

68

34

50

438

-

-

148

-

-

-

-

98

-

-

-

60

6

6

-

122

-

1

-

-

-

-

-

5

-

6

0

56

130

43

186

66

74

45

50

663

2008

2009

2010

14

-

55

130

Natural Gas

-

-

-

Bioenergy

-

-

Water
(Hydro)

-

Total All
Types

14

Wind

5

2012

2007

2011

SNL Information Services, Nova Scotia Power, Incorporated Current Operating Winter Capacity.
SNL Information Services.
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While new generation has been added, NSPI announced future retirement plans for Lingan coal fired
units 1 and 2 in 2014 and 2019, respectively. Each of the Lingan units is currently providing 153
MW of capacity to the region.7
The changes to the province's generation mix described above will greatly reduce greenhouse gas
(GHG) emissions and increase use of renewable resources to meet government regulations on GHG
standards for coal-fired units and the RES under the Electricity Act of Nova Scotia.
On a production, or megawatt-hour, basis Nova Scotia's electricity present is estimated to consist of
the mix of sources portrayed in
Exhibit 3 below:
Exhibit 3 Expected 2014 Winter Nova Scotia Electricity Production by Generation Technology

Biomass
1%

Wind
Hydro 9%
Other
9%
0%

Oil
1%

8

Natural Gas
13%
Coal
67%

In this pie chart, the relative electricity production share of wind is much higher than its share of
capacity in Exhibit 1. This is because wind is given a capacity value equal to 20% in NSPI's firm
generation planning that is displayed in the earlier chart where it comprised 3% of system-wide
winter firm capacity, but wind's expected capacity factor of 39% is much higher than 20%. The
electricity production shares of certain other technologies (e.g., hydro and natural gas) is lower than
their firm capacity value for the opposite reason. Electricity production like that illustrated in the type
of data in Exhibit 3, not generating capacity, is used in determining the province's attainment of its
RES.

7
8

“More than 3,500 MW of Coal-fired Generation Slated for Retirement in Canada,” SNL, March 6, 2013.
NSPI generation data.
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2.3

The Gap that can be Filled by Emerging Technologies: Supply and
Demand Baselining over Time

Nova Scotia's energy policies, prominently including the RES mandating 25% of the province's
electricity production come from renewable sources by 2015 and 40% by 2020, set in motion a mix
of generation additions and retirements that should provide adequate generation capacity to meet
the province's firm requirements, greatly increase the penetration of local, renewable generation
sources, and provide prudent and necessary reserve capacity9 through the 2023 NSPI planning
horizon. This portion of the chapter describes the generation sources expected to be part of the
NSPI generation mix through that planning horizon and identifies that the greatest opportunity for the
deployment of emerging generation technologies at large scale may occur in the decade
immediately prior to 2040 as a potential gap between electricity supply and electricity demand may
need to be filled by new supply sources.

2.3.1 Baselining
The baseline 2013/2014 winter supply-demand balance shows that the province currently has
adequate supply capacity to serve its firm load requirements. Based on 2014 NSPI winter firm peak
demand10, capacity value11 of existing generation resources, and COMFIT program contributions,
the province's current reserve margin is 21%, which is 1% higher than the target 20% level. This
can be seen in the 2013/2014 column of Exhibit 4 below.

9

"Reserve capacity" or "reserve margin" is the excess of firm generation sources that an electricity system has above
its expected peak demand level. See, for example, "Reserve Electric Generating Capacity Helps Keep the Lights
On," 2012, Energy Information Administration, U.S. Department of Energy, accessed April 20, 2014,
http://www.eia.gov/todayinenergy/detail.cfm?id=6510
10
Firm peak demand is equal to net system peak demand less non-firm peak based on Nova Scotia Power Inc. 10
Year System Outlook, Table 2, July 2013.
11
The capacity value of a generation resource is based on its assessed contribution towards meeting demand
requirements during peak hours. For example, wind generation resources registered as Network Resource
Interconnection Service (NRIS) are assumed to provide only 20% of their rated capacity towards satisfying demand
during peak hours. Wind generation resources registered for Energy Resource Interconnection Service (ERIS) are
not counted as contributing any capacity towards meeting demand during peak hours, as they are subject to
transmission congestion and constraints.
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Exhibit 4 Short Term Supply-Demand Balance Outlook

12

NOVA SCOTIA SUPPLY - DEMAND BALANCE (MWs)
2013/2014 2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 2020/2021 2021/2022 2022/2023

Peak Load Forecast
DSM
Peak Less DSM
Required Reserves
Required Capacity

1,984
45
1,939
388
2327

2,020
70
1,950
390
2340

2,043
95
1,948
390
2338

2,063
118
1,945
389
2334

2,078
143
1,935
387
2322

2,110
167
1,943
389
2332

2,133
194
1,939
388
2327

2,153
220
1,933
387
2320

2,169
244
1,925
385
2310

2,192
269
1,923
385
2308

Existing Resources
Total Cumulative Additions:
Thermal
Contracted Wind (Firm Capacity)
Biomass
Community Feed-in-Tariff
REA Wind Projects
Maritime Link Import
Total Firm Supply Resources
Surplus/Deficit
Reserve Margin

2,336

2,336

2,336

2,336

2,336

2,336

2,336

2,336

2,336

2,336

-

-

33
2
10
10
23

33
2
10
15
23

(120)
2
10
20
23
153
2,424
102
25%

(120)
2
10
20
23
153
2,424
92
25%

(120)
2
10
20
23
153
2,424
97
25%

(120)
2
10
20
23
153
2,424
104
25%

(120)
2
10
20
23
153
2,424
114
26%

(120)
2
10
20
23
153
2,424
116
26%

2
-

2
-

3
2,341
14
21%

7
23
2,367
27
21%

2,414
76
24%

2,419
85
24%

NSPI's future firm load requirements ("required capacity") are based on winter peak demand
forecasts, less conservation and demand side management (DSM) reductions, plus the target
reserve margin requirement of 20 percent.13
Reserve margin allows NSPI to accommodate unforeseen increases in demand and shortfalls in
supply while still maintaining an appropriately reliable and cost-effective electricity system. The
2013 NSPI forecast14 predicts that 2015 winter peak demand would be 2,161 MW under the case of
no incremental growth in DSM programs. With DSM growth, the 2015 winter peak demand
projection declines to 2,089 MW. After adjusting for non-firm peak demand of 139 MW, the final firm
peak demand for that year declines further to 1,950 MW (see the 2014/2015 column in Exhibit 4
above).15
The supply adequacy studies for Nova Scotia assume that wind units can contribute only 20% or 0%
of their nameplate capacity towards firm load requirements. This is critical for Nova Scotians to
appreciate. Though large-scale wind farms may have average capacity factors (ratio of realized
electricity production to rated capacity) of roughly 35% to 40% in Nova Scotia, the 20% or 0%
capacity values depending on wind project classification used for NSPI planning against firm load
reflects the uncertainty in managing this variable generation source.
Key potential supply changes between 2015 and 2020 are the potential retirement of the Unit 2 of
Lingan coal fired plant and finishing construction on the Maritime Link. NSPI announced that Lingan
Unit 2, which has 153 MW of capacity, is scheduled to retire by 2019.16 The Maritime Link
12

Nova Scotia Power Inc. 10 Year System Outlook, Table 12, July 2013.
The 20% target reserve margin is based on the planning reserve margin as specified in Nova Scotia Power, Inc.'s
10 Year System Outlook report released on July 2, 2013 (Planning Reserve Criteria Section).
14
NSPI, 10 Year Energy and Demand Forecast, released on May 2, 2013. Used scenario with Demand-Side
Management (DSM) and Port Hawkesbury Paper (PHP) continuing to operate. See NSPI, accessed April 20, 2014,
http://oasis.nspower.ca/site/media/oasis/20130702%20NSPI%20to%20UARB%2010%20Year%20System%20Outloo
k%20Report%20FILED.pdf
15
This peak demand forecast does not account for “non-firm” service to industrial customers. Under the "non-firm"
program, some industrial customers agree to curtail their electricity consumption on short notice in order to meet
system reliability. In 2012, there were 26 customers in the "non-firm" program, and their combined reduction
capability was 136 MW. As noted in the text, the non-firm demand total for 2015 is 139 MW.
16
Nova Scotia, through an equivalency agreement with the Canadian government, will still require that six of eight
existing coal-fired plants be retired by 2030.
13
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transmission line will allow the province to accept power delivered from the planned Muskrat Falls
hydroelectric project in Labrador. The province signed development agreements with Muskrat Falls
for 153 MW delivered capacity starting in 2017, which will add to the province's very strong base of
renewable electricity production from hydro sources.17 That hydroelectric capacity is counted as firm
for reliability purposes, and barring any other agreements, provides the extent of the contribution
provided by the Maritime Link over this time horizon.
The baseline 2020 winter supply-demand balance shows that the province will still have an adequate
supply capacity to serve its firm load requirements. Based on NSPI load projections, including
contributions from planned Maritime Link imports of hydroelectric power from Labrador, the supply
reserve margin of 25% in 2020 will be almost 5% higher than the target 20% level.
Looking ahead to the winter of 2023, the province should still have adequate supply capacity to meet
its peak demand requirements through planned generation additions. The 26% reserve margin
displayed for 2022/2023 could be exceeded due to potential expansion of the firm capacity delivered
by Maritime Link, a more robust growth in contributions from the COMFIT program, success in Nova
Scotia's new Renewables to Retail program, and slower peak demand growth. However, a bit
further in the future, 2025 is also the year when the oldest Tufts Cove natural gas fired unit may
retire as it reaches its 60th year of operation. That unit contributes 100 MW to the province’s peak
demand requirements.
However, the same type of baseline supply-demand balance scenario shows that by winter of 2040,
the province will likely need additional new supply and/or demand reductions as more of the
province’s older generation plants reach their 60th year of service and could begin to retire. Without
any new supply or any demand reduction, the province’s reserve margin would start falling below its
target 20% mark by the mid 2030s. By 2040, the region could fall short of reaching its winter peak
demand.18
A supply shortage in the mid 2030s is not a foregone conclusion. In large measure, it depends on
assumptions of relatively strong electric demand growth in the province and no new unexpected
supply resource additions. Those assumptions may be rendered obsolete if Nova Scotians continue
to adopt conservation and demand side management solutions, identify and develop feasible costeffective ways to add new electricity supply sources, and implement technologies like energy
storage that help optimize supply-demand interactions.
There may be an excellent opportunity, in particular, for Nova Scotia to grow its renewable
generation using abundant resources to provide capacity additions that are in some cases firm (not
variable), from local sources (not dependent on natural gas or electricity imports), and that are longlived and environmentally-sustainable. The three chapters in this report describe the possibilities for
the many growing and emerging technologies that are most likely to maintain Nova Scotia's
electricity supply and demand in balance.

2.3.2 Risks and Uncertainties in Baselining
There is a considerable level of uncertainty in the future electricity supply-demand balance in the
province. This is particularly true when it comes to electricity demand forecasts. In NSPI's latest 10year forecast outlook, there are four separate scenarios for winter peak demand. Generation
planning in Nova Scotia centers around winter peak needs, as those are higher than the province's
summertime peaks. The trajectory of growth in all-electric air-source heat pumps in the province will
17

Nova Scotia Power, Inc., IRP Technical Conference - Assumptions Discussion, Draft for Discussion, March 7,
2014, page 33.
18
In total, retiring generation plants could potentially remove close to 684 MW from province’s electric supply. The
biggest fossil fuel plants that may retire during that period are Point Tupper (coal plant), Trenton (coal plant), and the
Tufts Cove natural gas-fired units.
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also be a factor that adds uncertainty to forecasting. There are roughly 12,000 such heat pump
installations annually in the province, and the expected residential market share of electric heat is
expected to be 45% in 2040, up from 30% in 2013.19
The four NSPI demand scenarios provide winter peak demand forecasts for the year 2020 ranging
from 1,947 MW to 2,281 MW, as depicted in Exhibit 5 below. There is a large 334 MW, or 17
percent, difference between high and low demand forecasts. Key drivers of the differences between
the four forecasts include whether Port Hawkesbury Paper (PHP) will continue to operate past 2019
and the extent of conservation and demand-side management (DSM) that will be realized over time.
Exhibit 5 NSPI Winter Peak Demand Forecast Scenarios

Turning from electricity demand to supply, there is also uncertainty associated with future supply
levels. A good part of that uncertainty is associated with the exact timing of generation plant
retirements (for example, the Tupper, Trenton, and Tufts Cove units), the timing and nature of new
generation, and external transmission link expansions.

2.4

The Future for Individual Generation Technologies

Overview
Over the next 25 years, there are many electricity generation technologies that Nova Scotians may
consider as growing contributors to their supply mix. This section of the report reviews major
generation technology categories individually and emphasizes technologies that may be most
suitable to Nova Scotia's future energy needs. That suitability may be driven by their cost19

Summary from Nova Scotia Department of Energy, March 11, 2014.
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effectiveness, their supply profile compared to the province's expected demand needs, their
greenhouse gas emissions and other environmental effects, and their ability to draw upon locally
abundant resources.
As the prior section points out, many of the short-term and medium-term changes in the province's
supply picture have already been put in motion by government and utility policies and practices and
a healthy supply-demand balance has been planned. Therefore, the greatest opportunities for the
deployment of new supply technologies are likely to occur between 2030 and 2040. Nonetheless,
there exist openings for many technologies to grow in importance within the province over much
shorter time horizons if they can deliver power more cost-effectively and locally (with less
dependency on fuel sources from outside Nova Scotia and less need for long transmission and
distribution pathways inside the province). The province's recent adoption of a Renewables to Retail
program may also spur development of clean and emerging generation by independent power
operators.

Distributed vs. Central Station Generation Technologies
The electricity generation technologies reviewed in this section consist of both distributed and central
station generation projects. Distributed generation (which includes "behind-the-meter" net metered
installations) is generation that is connected to the distribution system (defined in the RES
regulations as a voltage less than 69 kV) at a node that has a minimum annual distribution load that
can ensure that the entire output of the distribution connected generator is used within that
distribution node. In contrast, central station generation, which comprises the great majority of
generation on the NSPI system, connects directly into the NSPI transmission or distribution system,
and is not usually associated with a dedicated distribution zone or consumer's load.
Exhibit 6 below divides the technologies reviewed in this chapter into distributed and central station
categories that are common for them. This Exhibit also separates the technologies into (i) renewable
(replenished through natural processes or through sustainable management practices so that the
resource is not depleted at current levels of consumption),20 and (ii) non-renewable categories. The
renewable vs. non-renewable labeling is meant to be consistent with The Electricity Act of Nova
Scotia and the Renewable Electricity Standard (RES) contained in that legislation.

20

Definition from Electricity Act of Nova Scotia.
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Exhibit 6 Electricity Generation Technologies and their Distributed and Central Station
Applicability
Electricity Generation
Technology Category

Specific Generation
Technology

Distributed
Generation
Technology

Central Station
Generation
Technology
























Renewable Generation Technologies
Wind
Solar
Hydrokinetic

Bioenergy (Biomass and
Biogas)
Geothermal

On-shore
Off-shore
Photovoltaic (PV)
Concentrating Solar Power (CSP)
Tidal
Wave
Run-of-the-river
Forestry & Wood Products
Select Source Separated Municipal Solid
Waste (MSW)
Agricultural (purpose-grown and waste)
Biogas (landfill & wastewater gas)





Central Station

Non-Renewable Generation Technologies
Coal
Natural Gas



Carbon Capture & Storage
Combined Cycle
Combined Heat-and-Power (CHP)




In reviewing renewable generation technologies with distributed applications, it is useful to keep in
mind that NSPI allows "net metering" for generators using low-impact, distributed renewable
resources up to 1 MW in project size. Qualifying low impact fuel sources include: wind, solar,
hydrokinetic, and bioenergy (biomass and landfill gas). Net metering allows a generating system to
operate in parallel with the utility service and offset purchases from the utility.21

Making Cost Comparisons among Generation Technologies: Levelized Cost of
Energy
An important factor in considering Nova Scotia's energy generation future will be the relative cost
effectiveness of technologies. The levelized cost of energy (LCOE) is a useful tool to compare
electricity generation technologies by combining capital costs, operating costs, and performance into
a single measure that also contains the risk level and expected investment returns on generation.
LCOE also has the advantage of expressing these combined costs on a per kilowatt-hour (kWh)
basis that may be familiar to many electricity customers.
The seven components of the LCOE calculations in this chapter are summarized below. The values
of the LCOE components or inputs are specific to and change with each generation technology.


Capital Cost ($/kW): The upfront installed cost required to build a given project.

21

Within net metering, when the on-site generating system provides more output than is being consumed locally, the
extra is fed into the distribution grid. When the on-site generating system provides less than the required energy, the
utility distribution system provides the difference. Over time the inflows and outflows are netted out and the customer
pays only for the net amount consumed. For more information, see “Enhance Net Metering,” Nova Scotia Power,
Inc., accessed April 1, 2014, https://www.nspower.ca/en/home/for-my-home/make-your-own-energy/enhanced-netmetering/default.aspx
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Capacity Factor (%): The ratio of electricity production to rated (maximum) capacity over a
period.
Fixed Operations & Maintenance ($/kW-yr): The yearly fixed cost per unit of generating capacity
required for operation.
Heat Rate (MMBtu/kWh): the efficiency level at which a given technology turns fuel into electrical
energy. This only applies to technologies requiring fuel (e.g., fossil fuel or bioenergy feedstocks).
Per Unit Fuel Cost ($/MMBtu): The cost of fuel based on its energy content. This also only
applies to generation technologies requiring a fuel.
Non-Fuel Variable Operations & Maintenance ($/kWh): Operations and maintenance costs, if
any, that are dependent upon the amount of electricity generated by the facility.
Capital Charge Rate (%): The rate of required return on investment capital.22

While no one can know the future trajectory of generation economics and reasonable sources may
disagree on such economics, this report draws upon data from external sources to make its LCOE
calculations as a starting point for Nova Scotians to think about the relative cost effectiveness of
technologies. There are many assumptions that enter into LCOE calculations and that differ from
project-to-project based on: site, engineering, and configuration specifics; the type of financing used;
and many other factors.23 Moreover, the cost and performance of generation technologies can
rapidly change from year-to-year, due to technological innovation, fuel cost volatility, and overall
supply and demand issues. Therefore, the LCOE of various generation technologies summarized
near the end of each individual technology section should be seen as readers as a start to their
investigation of the absolute and relative cost effectiveness of generation technologies. Moreover,
these LCOE calculations are before incentives and taxes and do not include electricity transmission
and distribution costs from the generation site to the electricity consuming location.24,25
Below, the operation, extent of commercialization, cost and performance trends, and applicability to
Nova Scotia are briefly described for each generation technology. Where cost data are provided,
there are expressed in real (not nominal) Canadian 2012 dollars.

22

The capital charge rates applied for the central station on-shore wind, central station off-shore wind, central station
solar PV, concentrating solar power, biomass, and combined cycle natural gas generation technologies were
obtained from “Annual Energy Outlook 2013: With Projections to 2040”, Energy Information Administration, U.S.
Department of Energy, accessed April 20, 2014, http://www.eia.gov/forecasts/aeo/pdf/0383%282013%29.pdf. Where
a technology-specific capital charge rate was not provided by the “Annual Energy Outlook 2013”, a rate of 10.7% was
assumed for all years, except that the "Annual Energy Outlook 2013" capital charge rate for central station solar PV
was also applied to distributed residential and commercial solar PV in this report. The 10.7% capital charge rate
applied to the distributed on-shore wind, tidal, wave, in-stream (run-of-the-river), and new pulverized coal with carbon
capture and storage technologies. The 10.7% capital charge rate was also applied to geothermal because this report
did not utilize the “Annual Energy Outlook 2013” cost and performance data for that technology. The 10.7% capital
charge rate was derived from a number of assumptions that should be generally consistent with NSPI's 2009
Integrated Resource Plan (IRP), including a 20-year accelerated depreciation schedule consistent with Canadian
accounting practices, a debt equity ratio of 62.5/37.5, a return on equity of 9.35%, and debt financing costs of5.94%.
23
The LCOE calculations in this chapter do not assume that electricity storage is combined with the generation
technology. Such combinations may become more likely in the future if storage (e.g., large-scale batteries) improve
in cost and performance. The subsequent optimization chapter discusses electricity storage at length.
24
Various incentives, in the tax code and otherwise, may also bear on individual generation project economics
depending on its specific ownership situation and other factors. For example, there is a provision under Canada’s
Income Tax Code that allows for the accelerated capital cost depreciation for renewable energy production facilities.
See “Tax Support for Clean Energy Generation,” Government of Canada, accessed March 31, 2014,
http://actionplan.gc.ca/en/initiative/tax-support-clean-energy-generation.
25
Where U.S. data are used as inputs for technology cost and other projections, those inputs are converted into
Canadian dollars using an exchange rate of 1 US Dollar = 1.08 Canadian Dollars for 2020, 2030, and 2040 before the
LCOE calculations are performed in real 2012 dollars.
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2.4.1 Renewable Technologies
Wind
Exhibit 7 Off-shore Wind Turbine

Technology Background
There are two main applications for wind projects -- on-shore
and off-shore. In both situations, the wind turbine technology
typically involves the wind turning propellers or blades around
an elevated rotor that, in turn, spins a generator to produce
electricity.26 Individual wind turbines vary in size from those
that are less than 10 kW and a few meters high for residential
use to large on-shore turbines that are 80 meters from the
ground to the hub of the rotor and offer over 2,000 kW of
electricity capacity. Off-shore wind turbines can be have
individual capacities exceeding 5,000 kW. An example offshore turbine is pictured in Exhibit 7.27
On-shore wind generation is a well-established technology,
though it is discussed at some length in this chapter because it
plays an important role in Nova Scotia's generation mix and will
increasingly do so in the future to meet RES requirements.
On-shore wind, especially large applications of several MW or
more in capacity, is a very cost-effective technology that
leverages Nova Scotia's strong wind resources.

On-Shore Wind: Cost and Performance Trends
Although on-shore wind is a relatively mature technology, installed capital costs for central station
projects are expected decrease by over 18% by 2040.28 Over time, this will drive the levelized cost
of energy (LCOE) for large-scale, central station wind down from about 9.1 cents/kWh to about 8.1
cents/kWh, as seen in Exhibit 8.
Similarly, distributed on-shore wind capital costs are expected to fall in the coming years and
decades. However, since projects and turbine sizes are smaller than central station wind farms and
do not have the same economies of scale, capital costs in the near future are higher.29 Over time,
distributed wind capital costs are predicted to fall at the same rate as those for central station
resources. Nevertheless, distributed wind resources are predicted to have a higher LCOE by about
45% for the duration of the projections. 30

26

Office of Energy Efficiency and Renewable Energy, U.S. Department of Energy, http://energy.gov/eere/wind/howdoes-wind-turbine-work
27
Bureau of Ocean Energy Management, U.S. Department of Interior, accessed April 16, 2014,
http://www.boem.gov/renewable-energy-program/renewable-energy-guide/offshore-wind-energy.aspx
28
Annual Energy Outlook 2013: With Projections to 2040, Energy Information Administration, U.S. Department of
Energy, accessed April 20, 2014, http://www.eia.gov/forecasts/aeo/pdf/0383%282013%29.pdf
29
Ryan Wiser and Mark Bolinger, 2012 Wind Technologies Market Report, 2013, Office of Energy Efficiency and
Renewable Energy, U.S. Department of Energy, accessed April 20, 2014,
https://www1.eere.energy.gov/wind/pdfs/2012_wind_technologies_market_report.pdf
30
Class 3 wind speed is used in both the central station and distributed on-shore wind LCOE calculations.
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31 32

Exhibit 8 Estimated Levelized Cost of Energy (LCOE) for On-Shore Wind ,

Technology

Unit

2020

2030

2040

Distributed On-Shore Wind

$/kWh

$0.133

$0.126

$0.118

Central Station On-Shore Wind

$/kWh

$0.091

$0.087

$0.081

Off-Shore Wind: Cost and Performance Trends
Off-shore wind is a globally nascent industry, especially in North America, where several large offshore wind farms are in various stages of development, but none have been fully commissioned to
date. As the technology develops, average capital costs should fall greatly in the coming
decades.33,34
Nova Scotia has already concluded that off-shore wind is the most mature marine renewable energy
technology (as compared to various hydrokinetic technologies),35 and as costs are projected to
continue to improve, off-shore wind may become a more viable option for Nova Scotia. The LCOE is
expected to decline to more attractive levels over time as portrayed in Exhibit 9.
Exhibit 9 Estimated Levelized Cost of Energy (LCOE) for Off-Shore Wind

36

Technology

Unit

2020

2030

2040

Off-Shore Wind

$/kWh

$0.230

$0.212

$0.188

Integrating the High Penetration of Wind on Electricity Systems
While wind generation brings substantial environmental benefits, and does so cost-effectively from a
capital and levelized (average) cost bases, there are operational challenges to integrating large
volumes of a variable (intermittent) generation source like wind on an electricity system. These
31

Cost and performance data for distributed wind are derived from Wiser, Ryan and Mark Bolinger, “2012 Wind
Technologies Market Report”, 2013, Office of Energy Efficiency and Renewable Energy, U.S. Department of Energy,
accessed April 20, 2014, https://www1.eere.energy.gov/wind/pdfs/2012_wind_technologies_market_report.pdf
However, the capital cost trajectory for distributed wind from 2015 was adjusted to follow the same trajectory as for
central station on-shore wind in “Annual Energy Outlook 2013: With Projections to 2040”, Energy Information
Administration, U.S. Department of Energy, accessed April 20, 2014,
http://www.eia.gov/forecasts/aeo/pdf/0383%282013%29.pdf
32
Cost and performance data for central station on-shore wind are derived from “Annual Energy Outlook 2013: With
Projections to 2040”, Energy Information Administration, U.S. Department of Energy, accessed April 20, 2014,
http://www.eia.gov/forecasts/aeo/pdf/0383%282013%29.pdf
33
“Annual Energy Outlook 2013: With Projections to 2040”, Energy Information Administration, U.S. Department of
Energy, accessed April 20, 2014, http://www.eia.gov/forecasts/aeo/pdf/0383%282013%29.pdf
34
Class 5 wind speed was used in the off-shore wind LCOE calculations.
35
"Nova Scotia Marine Renewable Energy Strategy," May 2012, Nova Scotia Department of Energy, page 9,
accessed April 20, 2014, http://energy.novascotia.ca/sites/default/files/Nova-Scotia-Marine-Renewable-EnergyStrategy-May-2012.pdf
36
Cost and performance data are derived from “Annual Energy Outlook 2013: With Projections to 2040”, Energy
Information Administration, U.S. Department of Energy, accessed April 20, 2014,
http://www.eia.gov/forecasts/aeo/pdf/0383%282013%29.pdf
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issues, and likely solutions, are discussed at length in the NSPI white paper titled Challenges of
Large Scale Wind Integration in Nova Scotia37 and are discussed and modeled at length in the Nova
Scotia Renewable Energy Integration Study prepared for NSPI by GE Energy Consulting.38 In those
documents, some of the salient issues are highlighted so that Nova Scotians are informed about
actions required to balance electricity system supply and demand and the possible constraints that
places on introducing additional variable generation sources (especially wind) onto the NSPI system
beyond the 2020 RES requirements.
As a general matter, variable generation at high levels of penetration can adversely impact reliability
of the electricity system without the required supporting capital investments and changes in system
operating procedures.39 The core of the issue can be inferred from Exhibit 10 below. This displays
the hourly pattern of NSPI electricity load (demand) over a week (the red line in the Exhibit)
compared to the pattern of wind generation output (the green line in the Exhibit) over that period.
Without being distracted by the levels of province-wide demand vs. wind production, the pattern is
quite different between customer demand and wind supply. Moreover, the demand pattern is
repeated in a similar manner from day-to-day, while the wind production pattern and wind speeds
are more unpredictable on hourly and daily bases.40
Exhibit 10 Typical Patterns of NSPI Electricity Demand Compared to Patterns of Wind Production

41

37

"Challenges of Large Scale Wind Integration in Nova Scotia," White Paper, January 21, 2013, Nova Scotia Power,
Inc., accessed April 13, 2014,
http://www.emeranl.com/site/media/emeranl/App%206.02%20NSPI%20Wind%20Integration%20Challenges%20Whit
epaper.pdf
38
“Final Report: Nova Scotia Renewable Energy Integration Study”, prepared by GE Energy Consulting for Nova
Scotia Power, Inc., June 28, 2013.
39
"Challenges of Large Scale Wind Integration in Nova Scotia," White Paper, January 21, 2013, Nova Scotia Power,
Inc., accessed April 13, 2014,
http://www.emeranl.com/site/media/emeranl/App%206.02%20NSPI%20Wind%20Integration%20Challenges%20Whit
epaper.pdf
40
"Challenges of Large Scale Wind Integration in Nova Scotia," White Paper, January 21, 2013, Nova Scotia Power,
Inc., accessed April 13, 2014,
http://www.emeranl.com/site/media/emeranl/App%206.02%20NSPI%20Wind%20Integration%20Challenges%20Whit
epaper.pdf
41
"Challenges of Large Scale Wind Integration in Nova Scotia," White Paper, January 21, 2013, Nova Scotia Power,
Inc., accessed April 13, 2014,
http://www.emeranl.com/site/media/emeranl/App%206.02%20NSPI%20Wind%20Integration%20Challenges%20Whit
epaper.pdf. The vertical axis (y-axis) in this chart is MW. The horizontal axis is time, from September 7 to September
14.
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From a system operator perspective (i.e., from the utility perspective), there are real needs to
balance supply and demand of various electricity services. For some services, the balancing must
occur within a few seconds to assure system reliability, while other services are part of long-range
planning. Exhibit 11 below displays the factors that must be balanced over time for wind and other
generation sources.
Exhibit 11 Impact of Wind Production on Components of the Electricity System

42

To manage these factors, a range of generation supply, demand-side management, and
transmission and distribution system optimization technologies are available to Nova Scotia. In this
section, the critical role that complementary generation sources play in providing intra-hour
"ramping" or "load following" is emphasized. In the last chapter of this report, on optimization, a
number of other technologies such as energy storage and load shifting under the PowerShift Atlantic
program will be described that may substantially assist in the province's integration of wind
generation.
"Ramping" describes the need of a generation system to increase or decrease physical electricity
generation to match load (consumption). Ramping often requires fast-acting (quick start) generation
sources whose output can be controlled.43 While hydroelectric and bioenergy generation can be
ramped, they are not ideal sources because keeping parts of their capacity idle (to preserve ramping
potential) would decrease the percentage of the province's generation mix that comes from
renewable sources and, thereby, negatively affect greenhouse gas (GHG) emissions and attainment
of the mandated RES. Moreover, hydroelectric storage is a limited resource. Instead, fossil-fuel
generation, such as natural gas or oil-fired peaking units, may provide good responsiveness to
ramping needs as may certain electricity imports such as the Maritime Link. The Maritime Link

42

"Technical Challenges Associated with Wind Integration," 2013, ICF International research.
"Challenges of Large Scale Wind Integration in Nova Scotia," White Paper, January 21, 2013, Nova Scotia Power,
Inc., accessed April 13, 2014,
http://www.emeranl.com/site/media/emeranl/App%206.02%20NSPI%20Wind%20Integration%20Challenges%20Whit
epaper.pdf
43
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should improve the ability to "maneuver NSPI generation to balance the system."44 An illustration of
the importance of generation ramping can be seen in Exhibit 12 below. This chart displays the
ramping requirements of the EirGrid in Ireland, which has a renewable energy penetration target of
40% by 2020, with much of that fulfilled by wind generation.
Exhibit 12 Generation Ramping for Wind in EirGrid (Ireland)

45

As displayed in the Exhibit above, 1-hour ramps ranged to almost +/- 15% of wind capacity (the
distribution of the blue line in the chart when it is above zero hours), while over 12 hours they were
approximately +/- 40% (the distribution of the green line on the chart when it is above zero hours).
As an example, if there was 500 MW of wind generation on a system at a given time, this could be
interpreted as meaning that its generation may increase or decrease by 15% (or 75 MW) within the
hour and by 40% (200 MW) within the next 12 hours.46 Nova Scotia will need to assure growing
access to combinations of generation resources, demand-side management technologies, and grid
optimization technologies like electricity storage to continue to effectively integrate large volumes of
wind power into the province's grid.
In summary, Nova Scotia is becoming a leader in the penetration of wind on its electricity system.
On-shore wind power in the province is a mature, cost-effective, locally-abundant generation
resource that greatly helps the province in attaining its Renewable Electricity Standard (RES)
requirements. Because wind is a variable generation resource (its electricity output varies and is not
typically dispatched or controlled by the utility), there are challenges that must be met in integrating
large volumes of it into the operation of the utility system. On the generation side, one of the key
challenges is having sufficient "ramping" power plants that can increase or decrease their electricity
44

“Final Report: Nova Scotia Renewable Energy Integration Study”, prepared by GE Energy Consulting for Nova
Scotia Power, Inc., June 28, 2013, page 5.
45
"Challenges of Large Scale Wind Integration in Nova Scotia," White Paper, January 21, 2013, Nova Scotia Power,
Inc., accessed April 13, 2014,
http://www.emeranl.com/site/media/emeranl/App%206.02%20NSPI%20Wind%20Integration%20Challenges%20Whit
epaper.pdf
46
“Ensuring a Secure, Reliable, and Efficient Power System in a Changing Environment”, EIRGRID and System
Operator of Northern Ireland, June 2011, accessed April 20, 2014,
http://www.eirgrid.com/media/Ensuring_a_Secure_Reliable_and_Efficient_Power_System_Report.pdf
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production over periods of minutes to hours to balance wind production in relation to Nova Scotians'
electricity consumption patterns. There are also a range of optimization technologies including
storage and demand response that assist in the system integration of wind, and those technologies
are discussed in the subsequent optimization chapter. The wind integration challenges may place a
barrier on significant further development of wind power beyond the 2020 RES requirements, though
emerging off-shore wind technologies are expected to have improving cost and performance over
the next 25 years.

Solar
Technology Background
Generation of electricity from solar radiation (sunlight) can use one of two main conversion
technologies: photovoltaic (PV) or concentrating solar power (CSP). PV systems, which are the
most common solar electricity generating technology, are made from silicon or other materials that
convert sunlight to direct current electricity. The direct current is converted to alternating current for
home, business, or utility use by "inverters" included with PV systems. Solar PV systems can be
deployed on rooftops, parking structures, poles, or the ground and can be mounted on racks with
fixed-axes or on racks that track the sun over the course of the day.
CSP systems use mirrors to reflect and concentrate the sun’s rays onto a receiver in order to
generate heat. For CSP, a working fluid in the receiver is heated to high temperature and that heat
energy is then converted to alternating current electrical energy in a turbine or heat engine.
Either PV or CSP technologies are technically suitable for large, central station solar projects, but
only PV is suitable for distributed residential and commercial applications. Advances are being
made in small scale CSP using dish concentrators and heat (Stirling) engines, but their commercial
economic viability has not been proven yet. Advances are also being made in concentrated
photovoltaic (CPV) where the sun’s rays are concentrated onto a PV receiver, increasing electrical
output compared to traditional PV. However, CPV has not fully demonstrated commercial viability
and has rarely been implemented as its combination of cost and performance characteristics lags
that of traditional PV.
In addition to the solar electricity generation technologies described above, there are solar
technologies that do not generate power, such as solar water heating, solar air heating, and solar air
cooling. Nova Scotia is a good location for solar projects that provide domestic hot water, due to the
significant heating requirements of the province. Moreover, solar hot water (SHW) applications are
inherently more efficient in energy conversion than equivalent PV systems as SHW does not require
conversion of the solar direct current power into alternating current. SHW systems also provide a
medium (fluid) for energy storage, thus avoiding some of the variable production constraints of PV.
Small scale solar hot water systems "are becoming increasingly popular in homes and businesses
throughout Nova Scotia."47
While solar domestic hot water is a mature technology that is deployed frequently in many parts of
the world, solar air heating and air cooling are emerging technologies with a lower degree of
commercialization at present. Solar air heating works to reduce what is often the largest energy use
requirement of buildings in Nova Scotia by increasing air temperatures in cold weather months.
Solar air heating typically operates by drawing in outside air from small perforations in solar heating
collectors, having solar energy pre-heat the air, and then distributing the heated air through the

47

“Solar Hot Water,” Nova Scotia Power, Inc., accessed April 1, 2014, https://www.nspower.ca/en/home/for-myhome/make-your-own-energy/solar-hot-water/default.aspx
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existing heating ventilation and air conditioning (HVAC) system.48 Solar air cooling typically
operates by either evaporating a refrigerating fluid to cool air or drying air to cool it.49

Cost and Performance Trends
Solar PV systems have seen significantly increased commercialization in North America and
worldwide over the past 5 to 10 years as component costs ($/kW) have dramatically declined. Solar
PV systems have an advantage over many other forms of power generation in that they are quick to
install and, once installed, require little maintenance and have no fuel costs. However, while the
hours of sunlight are predictable, their generation output is highly variable due to both cloud cover
patterns and the normal daily sunlight cycle (no solar electricity production during evenings and at
night, light production in the mornings and late afternoons, and strong peak production at mid-day).
As a result, the overall capacity factor of solar technologies tends to be among the lowest of all
generation technologies, especially so in a northern latitude region with modest sunlight resources
like Nova Scotia.50
While the basic CSP technology has been deployed over many years in parts of the world with
excellent solar resources (e.g., the Southwest U.S. and Spain), even in those areas, the extent of
commercialization has been limited by CSP's cost disadvantages versus solar PV, wind, and other
generation sources. Projected levelized costs for PV and CSP applications are provided in Exhibit
13 below.
51 52

Exhibit 13 Estimated Levelized Cost of Energy (LCOE) for Solar Electricity Technologies ,

Technology

Unit

2020

2030

2040

Distributed Residential Solar PV

$/kWh

$0.354

$0.314

$0.290

Distributed Commercial Solar PV

$/kWh

$0.320

$0.286

$0.263

Central Station Solar PV

$/kWh

$0.213

$0.196

$0.178

Central Station Concentrating
Solar Power

$/kWh

$0.275

$0.254

$0.227

53

48

"Solar Heating & Cooling: Energy for a Secure Future," Solar Energy Industries Association, 2013, accessed April
13, 2014, http://www.seia.org/research-resources/solar-heating-cooling-energy-secure-future
49
"Solar Heating & Cooling: Energy for a Secure Future," Solar Energy Industries Association, 2013, accessed April
13, 2014, http://www.seia.org/research-resources/solar-heating-cooling-energy-secure-future
50
As solar hot water, air cooling, and air heating technologies do not produce electricity, their cost and performance
trends are not analyzed in this section to avoid apples-to-oranges comparisons.
51
Cost and performance data for distributed (residential and commercial) solar PV are derived from National
Renewable Energy Laboratory's (NREL's) “Cost and Performance Data for Power Generation Technologies,” 2012,
prepared by Black & Veatch, accessed April 20, 2014, http://bv.com/docs/reports-studies/nrel-cost-report.pdf
52
Cost and performance data for central station solar PV and concentrating solar power are derived from “Annual
Energy Outlook 2013: With Projections to 2040”, Energy Information Administration, U.S. Department of Energy,
accessed April 20, 2014, http://www.eia.gov/forecasts/aeo/pdf/0383%282013%29.pdf
53
The central station PV LCOE calculations presented here use a capacity factor of 18.4%, as projected for Nova
Scotia's latitude and sunlight conditions by NREL’s System Advisor Model (SAM), as opposed to the U.S. Department
of Energy's Energy Information Administration's “Annual Energy Outlook 2013 (AEO)” projected capacity factor of
25%. The higher 25% capacity factor is more appropriate to regions with strong sunlight resources like the U.S.
Southwest deserts. By using a lower central station capacity factor of 18.4% for Nova Scotia, solar electricity
production is reduced and LCOE increased compared to what would come from strictly using AEO data. Specifically,
the LCOE using a 25% capacity factor and keeping other inputs the same would be $0.157/kWh in 2020, $0.144/kWh
in 2030, and $0.131/kWh in 2040. Capacity factors of 14.6% were used for distributed residential and commercial
solar PV projects in this report.
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In summary, while the most widespread solar generation technology (PV) can be deployed in many
applications and has declined sharply in capital costs in recent years, the role it may play in Nova
Scotia's energy future may be constrained by its still-high levelized costs, the relatively modest solar
resources in Nova Scotia, the variable nature of solar production (it is not a firm generation resource
like bioenergy), and the fact that its production peak occurs in the summer while NSPI's demand
peak occurs in the winter. Several of these constraints do not apply as strongly to domestic solar
hot water applications, which may continue to grow in the province.

Hydrokinetic
Technology Background
Hydrokinetic energy is the extraction of kinetic energy from moving water including tides, waves, and
ocean and river currents.54,55 Hydrokinetic energy represents a large potential source of clean
energy production but is still in the early stages of development and commercialization in most parts
of the world. The only large-scale hydrokinetic project in full operation in North America is the 20
MW Annapolis Tidal Station in Nova Scotia.56,57,58
The technologies used to capture hydrokinetic energy range from large scale barrage systems that
use a dam-like structure situated across an inlet or estuary to generate electricity from incoming
tides to smaller scale submersed turbines that generate electricity as the flowing water from tides or
currents rotates their turbine blades.59 Other technologies include (i) float or buoy wave devices that
use the swell of ocean waves to drive a hydraulic pump and generate electricity, and (ii) oscillating
water column (OWC) devices that capture the energy in waves by using the rise and fall of water
within a cylindrical shaft to power a turbine as air is forced out the top of the water-filled shaft.60 In
addition to kinetic energy captured from tides, waves, and currents, ocean thermal energy
conversion (OTEC) uses the natural temperature gradient of ocean water to produce energy. In
OTEC systems, electricity is produced when warm surface water is used to boil fluid with a low
boiling point to produce steam and turn a turbine. Then cold, deep ocean water is used to cool and
condense the steam back to liquid to close the cycle.61
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“Marine and Hydrokinetic Technology Resources,” U.S. Department of Energy, accessed March 31, 2014,
http://www1.eere.energy.gov/water/marine_hydro_resources.html
55
“Canada’s Hydrokinetic Power Potential,” National Research Council of Canada,
http://www.marinerenewables.ca/wpcontent/uploads/2013/11/Jenkinson_Canadas_Hydrokinetic_Potential_MRC_2013.pdf
56
“Annapolis Tidal Station,” U.S. Department of Energy TETHYS, accessed March 31, 2014,
http://mhk.pnnl.gov/wiki/index.php/Annapolis_Tidal_Station
57
“Marine and Hydrokinetic Database,” Open EI, accessed March 27, 2014,
http://en.openei.org/wiki/Marine_and_Hydrokinetic_Technology_Database
58
“Annapolis Tidal Station,” Nova Scotia Power, Inc., accessed March 27, 2014,
https://www.nspower.ca/en/home/about-us/how-we-make-electricity/renewable-electricity/annapolis-tidal-station.aspx
59
“Hydrokinetic Energy and Its Uses,” Tribal Energy and Environment Information Clearinghouse (TEEIC), accessed
March 27, 2014, http://teeic.anl.gov/er/hydrokinetic/restech/uses/index.cfm
60
“Wave and Tidal Energy Technology,” Renewable Northwest Project, accessed March 27, 2014,
http://www.rnp.org/node/wave-tidal-energy-technology
61
“Ocean Thermal Energy Conversion,” Lockheed Martin, accessed March 27, 2014
http://www.lockheedmartin.com/us/products/otec.html
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The Special Situation of Tidal Energy in Nova Scotia's Energy Picture
The Bay of Fundy between New Brunswick and Nova
Scotia is an ocean bay 270 km long that hosts the world's
highest tides. The Bay of Fundy has been identified by
U.S. based Electric Power Research Institute (EPRI) as a
premier site for tidal power generation in North America.62
With over 100 billion tonnes of seawater each tide – a
magnitude greater than the entire Earth’s daily combined
flow of freshwater rivers and streams, Nova Scotia is home
to an incredible natural energy resource with strong,
uniform, and predictable currents. Exhibit 14 at right
provides a profile of a 20 MW tidal generation project in the
Bay and owned by NSPI.
The Bay of Fundy produces the world’s highest tides,
ranging over 16 vertical meters. Due to the strong currents,
the seabed has been eroded to bedrock, providing a solid
and stable foundation for the placement of tidal energy
devices.63 Estimates of the potential energy resource
range from 300 MW up to 60,000 MW of which 2,500 MW
may safely be extracted. 64,65,66

Exhibit 14 Annapolis Tidal Station Profile

Located immediately upstream of
Annapolis Royal, NS, this 20 MW
hydrokinetic tidal flow power station
came on line in 1984. Owned and
operated by Nova Scotia Power,
Inc. (NSPI), it uses tidal flow to
generate approximately 80 to 100
MWh each day.
Source: Pacific Northwest National Laboratory,
http://mhk.pnnl.gov/annex-iv-sites/annapolistidal-station

Due to this massive hydrokinetic resource and its potential
for clean energy and development in Nova Scotia, the
Fundy Ocean Research Centre for Energy (FORCE) was established. FORCE receives funding
support from the government of Canada, the province of Nova Scotia, Encana Corporation, and
participating tidal turbine developers.67 In addition to the research and development work being
conducted by FORCE, a number of detailed studies on hydrokinetic potential have been and are
being conducted by others in the waters around the province. These include studies at three
locations in Cape Breton and the Southwest Nova Scotia Tidal Resource Assessment Study
concentrated on the tidal currents in three channels in the Digby area.68,69
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"Ocean Tidal and Wave Energy," Electric Power Research Institute, 2005, accessed April 20, 2014,
http://www.epri.com/Pages/Default.aspx
63
“To catch an Underwater Hurricane: Tidal Potential in Canada’s Bay of Fundy,”HydroWorld.com, accessed March
27, 2014, http://www.hydroworld.com/articles/hr/print/volume-32/issue-6/articles/to-catch-an-underwater-hurricanetidal-potential-in-canada-s-bay-of-fundy.html
64
Offshore Energy Research Association, accessed March 27, 2014, http://www.oera.ca/
65
Electric Power Research Institute, accessed March 27, 2014, http://www.epri.com
66
“Tidal Energy in Nova Scotia,” Nova Scotia Department of Energy, accessed March 27, 2014,
http://nsrenewables.ca/tidal-energy-nova-scotia
67
Fundy Ocean Research Center for Energy (FORCE), accessed April 20, 2014, http://fundyforce.ca/about/
68
J. McMillan, G. Trowse, D. Schillinger, A. Hay, and B. Hatcher, “Cape Breton Resource Assessment”, Report
Submitted to Offshore Energy Research Association of Nova Scotia (OERANS), August 22, 2012,
http://www.oera.ca/wp-content/uploads/2013/05/FinalReport_Cape-Breton-Resource-Assessment_August-222012.pdf
69
Alex Hay et al., “Southwest Nova Scotia Resource Assessment: Final Report”, Submitted to Offshore Energy
Research Association of Nova Scotia (OERANS), June 24, 2013, http://www.oera.ca/wpcontent/uploads/2013/07/SWNT_Final-Report_Executive-Summary.pdf
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As noted above, the 20 MW NSPI-owned Annapolis Tidal Station has been in operation since 1984.
Other hydrokinetic projects in the province include a project in the Minas Passage and the SeaGen 2
Project in the Minas Straits.70,71 A number of
Exhibit 15 Bay of Fundy Tidal Potential
other locations in the province
have been identified as potential
sites for hydrokinetic, and five
tidal projects totaling 3.55 MW
were approved under Nova
Scotia's Community Feed-in-Tariff
(COMFIT) program by year-end
2013.72 Areas of strong tidal
energy potential can be seen on
the Bay of Fundy map in Exhibit
15 at right.
In addition to generation of power
from
hydrokinetic
plants,
hydrokinetic energy presents an
opportunity
for
industrial
development in Nova Scotia with
the manufacture and supply of
equipment. Nova Scotia and the
United Kingdom (host to the most
tidal energy developers in the world) recently announced a memorandum of understanding (MOU) to
work together to advance tidal research.73 The MOU between the province, the Offshore Energy
Research Association of Nova Scotia, and the United Kingdom’s Technology Strategy Board will
encourage joint research in order to improve the technology required to generate electricity using
high tides like those in the Bay of Fundy.74 Innovacorp, a Nova Scotia based early stage capital
venture investor, is also evaluating and considering hydrokinetic energy related projects and
equipment suppliers and sees potential for the province to become a leading manufacturer and
supplier of hydrokinetic equipment and services.75

Cost and Performance Trends
Since hydrokinetic energy is an emerging technology, it has potential for costs to fall quickly in both
the short (within 5 years) and long term (15+ years). The all-in levelized costs for all three major
forms of hydrokinetic generation reviewed in this section (tidal current, wave, and in-stream (run-ofthe-river)) are expected to decline appreciably by 2040, as displayed in Exhibit 16 below. Of the
three hydrokinetic technologies, tidal power has the lowest levelized costs over the entire 25-year
period. It is important to note that there may be a wide range in the size of tidal projects, in
particular, that may be deployed in Nova Scotia between 2015 and 2040. The levelized costs for
small tidal projects are likely to meaningfully exceed those of larger projects due to economies of
scale. Data in Exhibit 16 are for larger projects. For reference information on near-term per-unit

70

“MHK Projects/Minas Basin Bay of Fundy Commercial Scale Demonstration,” Open EI, accessed March 28, 2014,
http://en.openei.org/wiki/MHK_Projects/Minas_Basin_Bay_of_Fundy_Commercial_Scale_Demonstration
71
“MHK Projects/SeaGen 2,” Open EI, accessed March 28, 2014, http://en.openei.org/wiki/MHK_Projects/SeaGen_2
72
https://nsrenewables.ca/approved-comfit-projects-status. See also “Report on the Review of the Community
Feed-In-Tariff Program,” Nova Scotia Department of Energy,
http://www.nsrenewables.ca/sites/default/files/a_comfit_review_report_march_2014.pdf
73
“Tidal Developers,” The European Marine Energy Centre Ltd., accessed March 31, 2014,
http://www.emec.org.uk/marine-energy/tidal-developers/
74
“Nova Scotia and UK Collaborate on Tidal Industry Development,” FORCE, accessed March 31, 2014,
http://fundyforce.ca/researchmou/.
75
Communication with Innovacorp, March 26, 2014.
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rates applicable to tidal projects in the province, readers should also consider Nova Scotia's specific
tidal Community Feed-in-Tariff rates.76
77 78

Exhibit 16 Estimated Levelized Cost of Energy (LCOE) for Hydrokinetic Generation ,

Technology

Unit

2020

2030

2040

Tidal Current

$/kWh

$0.212

$0.158

$0.158

Wave

$/kWh

$0.506

$0.345

$0.249

In-stream (run-of-the-river)

$/kWh

$0.265

$0.217

$0.217

All forms of hydrokinetic energy are intermittent resources, but they vary in their performance profiles
due to the characteristics of their energy sources. Tidal energy production can be highly variable
(within a day or across seasons), but its variable production is predictable and follows known tidal
patterns. Like tidal energy, wave energy can have very different capacity factors from one hour to
the next. Monthly wave energy output can also change greatly over the course of the year, peaking
in winter. The Canadian Hydraulics Centre notes that, “The wave energy available in winter is
generally four to seven times greater than in summer.”79 This could make wave energy a more
valuable energy source for Nova Scotia than other jurisdictions, as Nova Scotia's peak electricity
demand occurs in the winter.
Finally, in-stream (run-of-the-river) energy performance can be dependent upon stream or river
velocity, which in turn is tied to hourly to seasonal weather events such as precipitation, drought, and
snow melt-off. With snow and ice buildup during the winter followed by large melting events in
spring or summer, in-stream (run-of-the-river) hydrokinetic becomes a summer peaking technology
in many northern climates such as Nova Scotia, possibly making it a less valuable technology than
either wave or tidal.
In summary, the development of hydrokinetic energy, especially tidal power from the Bay of Fundy,
offers great opportunity to Nova Scotia as a source of clean, renewable power. In particular, the
International Energy Agency believes that these technologies could start to play a sizable role in the
electricity mix around 2030.80 Due to the province's globally-significant tidal resources, it is active in
major research and commercial development activities for tidal power.
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"Tidal Energy Payment Rates Set," Halifax Chronicle Herald, November 13, 2013, accessed May 22, 2014,
http://thechronicleherald.ca/business/1167128-tidal-energy-payment-rates-set
77
Cost and performance data for tidal (ocean current) and wave generation technologies are derived from National
Renewable Energy Laboratory's (NREL's) “Cost and Performance Data for Power Generation Technologies,” 2012,
prepared by Black & Veatch, accessed April 20, 2014, http://bv.com/docs/reports-studies/nrel-cost-report.pdf
78
Since NREL does not provide cost projections for in-stream energy, estimated capital costs for that technology are
based on those developed by the Marine Energy Technology Systems Analysis Programme, Alaska Center for Power
and Energy, "River, Tidal, and Ocean Current Hydrokinetic Energy Technologies: Status and Future Opportunities in
Alaska," November, 2010, accessed April 20, 2014,
http://www.uaf.edu/files/acep/2010_11_1_State_of_the_Art_Hydrokinetic_Final.pdf
79
Inventory of Canada’s Marine Renewable Energy Sources, April 2006, Canadian Hydraulics Centre, accessed April
20, 2014, http://www.marinerenewables.ca/wp-content/uploads/2012/11/Inventory-of-Canadas-Marine-RenewableEnergy-Resources.pdf
80
“Ocean Energy,” International Energy Agency, accessed March 31, 2014, https://www.iea.org/topics/oceanenergy/.
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Bioenergy
Technology Background
Bioenergy is produced from the conversion of organic materials, such as plants or plant residues,
commonly referred to as biomass, into energy. Bioenergy may be created by the direct combustion
of biomass, or by gasification or decomposition of biomass into biogas. The organic material or fuel
used to produce electricity from bioenergy sources is called the "feedstock."
The most common examples of biomass feedstocks used for energy production include bioenergy
crops (e.g., switchgrass and coppiced willow), agricultural wastes and residues (e.g., orchard
prunings, straw, and animal manure), forestry residues, wood and wood processing residues, and
wastewater treatment plant residues (e.g., sewage sludge), among others.81 When biomass energy
is developed properly, emissions are either captured that would have otherwise been emitted (e.g.,
landfill gas and animal manure decomposition) or carbon is absorbed by new plant growth, resulting
in low net carbon emissions.82
Bioenergy generation facilities can range in size from plants of a few kilowatts using captured
methane from animal manure decomposition to many megawatts using woody biomass.
Bioenergy conversion technologies can also vary widely. Traditional combustion technologies such
as fixed and traveling grate boilers and steam turbine generators are commonly used in facilities
combusting wood and wood wastes, agricultural wastes and forestry residues, and bioenergy crops.
Reciprocating engines and combustion turbines are commonly used to convert biogas resulting from
decomposition (e.g., landfill gas and anaerobic digester gas) into electricity. Newer technologies
such as gasification (e.g., fluidized bed gasifiers, entrained flow gasifiers, plasma gasification
systems83) and pyrolysis and devolatization systems84 can be used to generate syngas from
biomass which can, then, be combusted and electricity generated in a turbine generator. The choice
of conversion technology often depends on the type and homogeneity of the biomass feedstock, as
well as the size and the level of plant emissions allowed. It may also depend on whether the plant is
designed to provide just electricity or is designed as a combined heat-and-power (CHP) plant. CHP
plants produce thermal energy (for cooling or heating) in addition to electricity itself and are
described further in the subsequent CHP section of this chapter.
Bioenergy generating facilities offer the opportunity to provide baseload reliable renewable energy
with no uncontrollable variability. Their generating facility output may also be varied to follow daily
loads, assisting utilities in meeting changing demand requirements and can be a complement to the
81

See Marie E. Walsh et al, "Biomass Feedstock Availability in the United States: A 1999 State Level Analysis," Oak
Ridge National Laboratory and the University of Tennessee, April 1999, accessed April 20, 2014,
http://bioenergy.ornl.gov/resourcedata/index.html.
82
“How Biomass Energy Works,” Union of Concerned Scientists, accessed April 1, 2014,
http://www.ucsusa.org/clean_energy/our-energy-choices/renewable-energy/how-biomass-energyworks.html#Types_of_Biomass.
83
Plasma gasification uses a pair of electrodes and high voltage electricity to develop an electric arc through which
an inert gas is passed. The resulting high temperature is used to break down the feedstock into its molecular
constituents. The advantage is the resulting syngas is very clean with no dioxins, furans, SOx, NOx or phenols.
However the capital cost is very high, and the systems require a consistent and homogeneous feedstock to work
successfully. Although there are a number of plasma gasification plants in operation using MSW as their feedstock,
this is not a fully commercialized technology.
84
Devolatization is a term applied by equipment manufacturers for a system that can convert organic and synthetic
feedstocks into a solid and a gaseous by-product through pyrolysis and hydropyrolysis. The gaseous product is a
clean medium Btu (600 – 700 Btu/scf) synthetic gas that can be used for power generation. The solid by-product is
an activated carbon product that can be used as a feedstock for industry or also as a fuel in a boiler. Overall
conversion rates (energy in input feedstock) to useable output energy are reported to be in the range of 75 – 85%.
Source: 4dEnergy Group, accessed April 20, 2014, http://d4energy.com/en/solutions/technology/indexw.html
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variability of wind electricity production. Bioenergy plants can be distributed throughout an electric
grid system close to the source of biomass, or as central station facilities where biomass is
transported to the plant.

Bioenergy Feedstocks in Nova Scotia
Nova Scotia has an abundance of forests. According to a 2008 study, total forested area in the
province was 4,226,563 hectares.85 With a total land area of 5,333,800 hectares, the area that is
forested is approximately 80% of the province. Commercial uses of biomass are a key component
of the province’s economy and consume a significant quantity of available merchantable trees. As a
result, and due to the popularity of biomass as a residential as well as commercial energy source,
the province has been developing new regulations under the Forests Act to keep the forests
sustainable at a time when harvesting and usage are changing.86,87 The Nova Scotia Department of
Energy has set a cap of 350,000 dry tonnes on the amount of primary forest biomass that can be
used to produce electricity. Other sources of biomass, however, are already available and will likely
become increasingly available in the future. These may include select-source separated waste
streams (non-compostable wood, difficult to recycle paper fibre, etc.), and agricultural crops
purposely grown for bioenergy production.
Where the dominant bioenergy feedstock of wood products has limited availability (e.g., areas with
little forest growth and close to urban centers), select source separated portions of MSW have been
used for large-scale bioenergy generation. Utilization of particular biomass material streams from
MSW in a central station generating plant provides electricity, avoids utilization of space for
landfilling, and avoids the decomposition of MSW in landfills creating methane gas and other
pollutants that may impact the atmosphere and local residents.88 The province has the most
aggressive target within Canada to lower landfill waste disposal with a target of 300 kg per person by
2015.89,90 Even with this aggressive target, this would still leave nearly 300,000 tonnes/year of MSW
(equivalent to over 3.5 TBtu/year),91,92 from which selected materials could be recovered for
electricity/heat generation or fuel production.
Typical technologies used for MSW conversion include fluidized bed boilers, devolatization (pyrolysis
and hydropyrolysis) systems, and plasma gasification systems. Devolatization systems are relatively
new, and there is little commercial experience with them using MSW. There are a number of plasma
gasification systems being used around the world with MSW feedstocks, but due to the initial capital
costs and the energy conversion balance (the amount of energy used to operate versus the energy
produced), plasma gasification may only be justifiable where bio-hazards may exist (e.g., medical
wastes) and the certainty of very high temperature destruction is required. While these new
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Peter Townsend RPF, “Forest Biomass of Living, Merchantable Trees in Nova Scotia,” Report FOR 2008-9, Nova
Scotia Department of Natural Resources, July 2008, accessed April 20, 2014,
http://www.novascotia.ca/natr/forestry/reports/Biomass_Inventory.pdf.
86
Nova Scotia Forests Act. R.S., c. 179, s. 1.
87
“Biomass User Regulations,” Nova Scotia Department of Natural Resources, accessed April 11, 2014,
http://novascotia.ca/natr/forestry/biomass/.
88
Municipal emissions from Canadian landfills account for 20% of national methane emissions. Source: “Municipal
Solid Waste and Greenhouse Gases,” Environment Canada, accessed April 1, 2014, https://www.ec.gc.ca/gddmw/default.asp?lang=En&n=6F92E701-1.
89
“Thinking Outside the Landfill,” Nova Scotia Department of Environment,
http://www.novascotia.ca/nse/waste/docs/ConsultationPaper-Thinking.Outside.the.Landfill.pdf
90
Nova Scotia Environmental Goals and Sustainable Prosperity Act. 2007, c. 7, s. 1.
91
“Methodology for Allocating Municipal Solid Waste to Biogenic and Non-Biogenic Energy,” Energy Information
Administration, U.S. Department of Energy, May 2007,
http://www.eia.gov/totalenergy/data/monthly/pdf/historical/msw.pdf
92
“More recycling raises average energy content of waste used to generate electricity,” Energy Information
Administration, U.S. Department of Energy, September 18, 2012,
http://www.eia.gov/todayinenergy/detail.cfm?id=8010#
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technologies hold promise, traditional technologies such as fluidized bed boilers and other mass
burn combustion technologies are most common in MSW electric generating facilities.
In the Nova Scotia context, material disposal bans, either by landfilling or incineration, exist to
encourage the segregation of materials into recycling, composting, and waste fractions. This has
enabled the province to have the lowest disposal rate in Canada. Energy from traditional
incineration waste technologies such as mass burn, that utilize mixed MSW, would be subject to the
disposal ban and are not considered a form of waste diversion. Source separated materials such as
clean wood and asphalt shingles, extracted from MSW/construction & demolition (C&D) streams, are
currently being utilized for their energy potential as supplemental fuels at thermal power generating
stations and cement kilns. The province is working to increase the recovery of these and other
materials in the waste stream.
The current position of Nova Scotia Environment is that the thermal treatment of mixed MSW by
advanced processes such as gasification, pyrolysis, and plasma arc, are forms of disposal and,
therefore, are not considered waste diversion. That being noted, certain other niche materials
separated from the solid waste stream (low grade plastics, creosote timber, etc.) that have limited
value as a recycled product may be of value for energy production. Consequently, the use of these
niche materials for electricity/heat generation or fuel production would be permitted as a form of
waste diversion. Nova Scotia Environment is conducting a review of its solid waste regulations that
is intended to clarify this distinction with regard to waste management.
Other potential sources of bioenergy within the province include purpose-grown crops such as
switchgrass (Panicum virgatum), Miscanthus, and coppiced willows.93 These crops may be grown in
areas unsuitable for other agricultural uses (e.g., poor soil, wetlands, salt marshes) requiring little
additional nutrients. The crops can be harvested and used as fuel in biomass fired combustion and
generation plants, or used for co-firing with coal. Bioenergy crops such as these are becoming
increasingly used in countries without large forest and other biomass resources. A recent
announcement that farmland in Hants and Annapolis Counties will be used to grow Miscanthus
(referred to as Elephant Grass in the announcement) to fire the 10 MW Hansport Generating Plant at
the Minas Basin Pulp and Power Co. Ltd. starting in 2015 indicates a major use of bioenergy crops
for power generation in the province.94,95 When agricultural crops are used for bioenergy production,
it is important to review their net energy balance including the amount of energy that is involved in
their cultivation, harvesting, and transportation.

Bioenergy Electricity Production in Nova Scotia
A number of large scale biomass plants are already in operation in Nova Scotia, including the 60
MW Port Hawkesbury biomass plant, the 23 MW Brooklyn power plant, and the 1 MW Taylor
Lumber CHP plant. The use of biomass for smaller scale power generation in the province has
received support from the provincial government. Included in this support is the COMFIT program
that has helped spur the development of a number of biomass-fueled CHP projects. Since its
inception in 2011, seven biomass-fired projects of over 14 MW in combined capacity have
COMFIT96.
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“Miscanthus,” accessed April 11, 2014, https://bioenergy.ornl.gov/papers/miscanthus/miscanthus.html
“Farmland secured to support N.S. Ag Biomass project,” Canada Biomass, accessed April 11, 2014,
http://www.canadianbiomassmagazine.ca/content/view/4306/57/
95
Bill Power, “Biomass Project Will Need Fields Full of Elephant Grass,” The Chronicle Herald, September 24, 2013.
96
Nova Scotia Department of Energy, “Approved COMFIT Projects,”, http://nsrenewables.ca/approved-comfitprojects-0.
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Cost and Performance Trends
As newer bioenergy generation technologies are developed and commercialized, including the
various gasification and pyrolysis technologies currently being tested and in relatively early
commercialization, it is anticipated that efficiency will increase while overall emissions will decrease.
All of these, including current and traditional technologies, offer the ability to provide baseload
renewable power.
The estimated levelized cost of energy for a representative bioenergy generation plant is provided in
Exhibit 17 below. This cost estimate is not based upon a bioenergy plant with combined heat-andpower capabilities (i.e., it does not include the sale of steam from the bioenergy plant). The realized
cost of bioenergy plants varies greatly in practice and is heavily dependent on the cost of procuring
and transporting the bioenergy feedstock to the generation site and the generation project's heat rate
(i.e., efficiency) in converting the feedstock into electricity. Unlike many renewable energy sources,
biomass power is not an intermittent resource if the feedstock is consistently available.
97

Exhibit 17 Estimated Levelized Cost of Energy (LCOE) for Selected Bioenergy Technology

Technology

Unit

2020

2030

2040

Biomass

$/kWh

$0.146

$0.142

$0.136

In summary, bioenergy is already a relatively large contributor to Nova Scotia's renewable
generation mix, and COMFIT projects should increase the bioenergy contribution as they enter
operation in the short term, though new COMFIT projects are capped at 500 kW in capacity. Over
longer periods, there are many potential sources of bioenergy feedstock native to Nova Scotia
including large volumes of forest products among traditional sources and emerging feedstock
sources such as fish oil and fish processing wastes, algae and seaweed, and agricultural products
purpose-grown as an energy source like Miscanthus (Elephant Grass). Beyond innovation in
feedstock use, there have been advances in generation technologies for bioenergy beyond the
traditional turbines and reciprocating engines and into pyrolysis and other systems. Many bioenergy
generation systems are also cost-effective when compared to other generation technologies.
Bioenergy generation offers baseload (non-variable power), so new bioenergy capacity would likely
impose fewer operational integration challenges on NSPI than new capacity from variable sources
like wind and solar.
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Cost and performance data are derived from Annual Energy Outlook 2013: With Projections to 2040, Energy
Information Administration (EIA), U.S. Department of Energy, accessed April 20, 2014,
http://www.eia.gov/forecasts/aeo/pdf/0383%282013%29.pdf. While this report uses the “Annual Energy Outlook”
projection that biomass plants coming online between 2020 and 2040 will have a capacity factor of 83%, some
biomass facilities will have different capacity factors in practice. Also, while the “Annual Energy Outlook”assumes
zero feedstock costs, the LCOE data presented here assume an average feedstock cost of $0.065/kWh (the midpoint
of an indicative range from $0.05/kWh to $0.08/kWh) in real dollars because there often are meaningful costs for
procuring, transporting, and storing feedstocks. Feedstock costs are assumed to have no escalation in real dollars
through 2040. In the alternative, if zero feedstock costs are assumed, the LCOE for 2020, 2030, and 2040 would be
$0.081/kWh, $0.077/kWh, and $0.071/kWh, respectively. No avoided tipping fees are included in these biomass
LCOE calculations.
© 2014

29

icfi.ca

Emerging Electricity Technologies in Nova Scotia

Geothermal
Technology Background
Geothermal energy, the thermal energy contained below the surface of the Earth, can be harnessed
in two primary ways. The first is utilization of the constant sub-surface temperatures to provide
heating and cooling, usually for a residential, commercial, or institutional building. This type of
geothermal energy and the equipment used are commonly referred to as ground source heat pumps
(GSHPs). GSHPs will be treated as a demand-reduction, instead of generation, technology in this
report and are discussed in the following chapter on conservation and demand-side management.
The second way geothermal energy may be utilized is to tap into underground reservoirs of hot
water, steam, or subsurface areas of hot, dry rock to which water can be injected. For utility-scale
electricity generation, high temperature hot water or steam is recovered from the underground
geothermal reservoir, converted to steam in a heat exchanger, and then used to generate electricity
in a steam turbine generator. Three types of geothermal power plant technologies are commonly
used: flash steam, binary cycle, and dry steam. All three methods re-inject the remaining
geothermal fluid back into the ground to replenish the reservoir and recycle hot water.98
While there are about eight mine-water based heat pump systems in the Springhill area that use
warm water from the depths of abandoned coal mines as a source of heat,99,100 there is little
potential for high temperature geothermal electricity generation in Nova Scotia. The Cumberland
basin of Nova Scotia and New Brunswick is a deep sedimentary basin which yields low to moderate
temperatures. These geothermal resources are ideal for direct heating and cooling. They may have
some potential for co-produced fluid or binary electricity generation, but not high temperature flash or
dry steam generation.101
Geothermal generation is a mature technology that may be viewed as a "firm" (not "variable")
resource in some areas due to its high capacity factor that often can reach 90%. Projected future
costs for this technology are provided in Exhibit 18 and are expected to remain relatively flat in real
dollars over the next 25 years.

98

“Programmatic Environmental Impact Statement for Geothermal Leasing in the Western United States,” October
2008, Bureau of Land Management, U.S. Department of Interior,
http://www.blm.gov/pgdata/etc/medialib/blm/wo/MINERALS__REALTY__AND_RESOURCE_PROTECTION_/energy/
geothermal_eis/final_programmatic.Par.41814.File.dat/Volume_I_FINAL.pdf
99
“Nova Scotia Renewables Public Education Geothermal Energy,” Nova Scotia Department of Energy, accessed
March 29, 2014, http://www.novascotia.ca/energy/renewables/public-education/thermal.asp
100
:Province Approves First Municipal Geothermal Project,” Nova Scotia Department of Natural Resources, accessed
March 29, 2014, http://novascotia.ca/news/release/?id=20140123003
101
“Canadian Geothermal - Geothermal Resources in the Different Regions of Canada,” Canadian Geothermal
Energy Association, accessed March 29, 2014, http://www.cangea.ca/canadian-geothermal/
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Exhibit 18 Estimated Levelized Cost of Energy (LCOE) for Geothermal

102

Technology

Unit

2020

2030

2040

Central Station Geothermal

$/kWh

$0.121

$0.121

$0.121

In summary, central station geothermal energy provides renewable, firm electricity supply, but there
is little natural resource potential for this technology in Nova Scotia. Even across North America, the
number of new, large-scale geothermal projects each year is modest and the levelized cost of
deploying this mature technology is expected to be flat over the next 25 years. The distributed
ground-source heat pump application of geothermal energy can be viewed as a demand reduction,
rather than electricity generation, technology and is reviewed in the next chapter of this report on
conservation and demand side management technologies.

2.4.2 Non-Renewable Technologies
Central Station Natural Gas
Technology Background
With the recent increases in available natural gas reserves in North America, and the ability to
efficiently combust natural gas while producing low emissions, natural gas power generation has
become increasingly popular. A wide variety of technologies are available and used for power
generation where natural gas is the primary fuel. For central station generating plants, simple and
combined cycle combustion turbines and boilers with steam turbines are the technologies of choice.
Though this is a mature technology, recent advances in combustion turbine design including high
operating temperatures, internal blade cooling, inlet fuel heating, fuel nozzle design, and changes in
blading and component materials have allowed combustion turbine efficiencies to be increased
significantly. Current large combustion turbine models have fuel conversion efficiencies of over 38%
in simple cycle mode and over 60% in combined cycle mode.103 Technology changes have also
reduced emissions from combustion turbines, which can provide reliable baseload, intermediate, and
peaking capacity. For peaking capacity, combustion turbines are usually operated in simple cycle
mode. In this mode, they have fast start up and loading ramp rates. For base load capacity,
combined cycle units are normally selected because of their higher efficiency. Combined cycle units
have slower start up times and are firm (non-variable) resources.

102

Cost and performance data are derived from National Renewable Energy Laboratory's (NREL's) “Cost and
Performance Data for Power Generation Technologies,” 2012, prepared by Black & Veatch, accessed April 20, 2014,
http://bv.com/docs/reports-studies/nrel-cost-report.pdf. Though the “Annual Energy Outlook 2013: With Projections to
2040”, Energy Information Administration, U.S. Department of Energy, accessed April 20, 2014,
http://www.eia.gov/forecasts/aeo/pdf/0383%282013%29.pdf), contains cost and performance information for
geothermal generation, that publication's data were not applied here as the 2012 NREL publication was thought to
have data that may more accurately reflect expected costs in Nova Scotia. Data from the “Annual Energy Outlook
2013” would lead to LCOE for geothermal of $0.056/kWh, $0.055/kWh, and $0.081/kWh in 2020, 2030, and 2040,
respectively.
103
Efficiency examples for GE Frame 7F 5-series 215 MW simple cycle with 38.6% efficiency and GE 107H 400 MW
combined cycle with 60% efficiency from “Gas Turbine World 2014 GTW Handbook Volume 30”, Pequot Publishers.
See http://www.gasturbineworld.com/about-gtw.html
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The cost and performance discussion in this section will concentrate only on combined cycle
systems because they are highly-efficient, and their role in Nova Scotia's energy future may increase
depending on trends in natural gas costs and availability to the province.

Cost and Performance Trends
Combined cycle natural gas generators are notable for their low capital costs, high capacity factors,
and because the LCOE increases over time unlike all other generation technologies profiled in this
chapter. The rising LCOE in Exhibit 19 is attributable to projected increases in natural gas fuel costs
between now and 2040.104
Exhibit 19 Estimated Levelized Cost of Energy (LCOE) for Combined Cycle Natural Gas
105
Generation

Technology

Unit

2020

2030

2040

Combined Cycle Natural Gas
Generation

$/kWh

$0.087

$0.096

$0.103

In summary, combined cycle natural gas plants are a cost-effective source of firm generation
capacity that are more efficient and environmentally-friendly than many other fossil-fuel sources.
Depending on the gas supply situation in the province, they may have an increased role in the longrun generation mix. The sensitivity of this technology to fuel costs is highlighted by the observation
that this is the only technology with a continually increasing projected supply cost, as estimated
increases in natural gas costs exceed ongoing cost and performance improvements.

Carbon Capture and Storage for Coal Generation
Technology Background
Due to Federal and provincial regulations to improve environmental quality by reducing emissions
from greenhouse gases and other emissions from the electricity generation sector, it is unlikely that
new, conventional coal plants will be constructed in Nova Scotia through 2040. Such plants have
emissions that would be inconsistent with achievement of a much cleaner energy future for Nova
Scotia. However, carbon capture and storage (CCS) (also referred to as carbon capture,
utilization, and storage or carbon capture, utilization, and sequestration) is a technology that can be
applied to new or existing coal plants to greatly reduce emissions. CCS is a process that captures
carbon dioxide emissions from sources like coal-fired power plants and either reuses or stores the
emissions so they will not enter the atmosphere. Carbon dioxide storage in geologic formations
includes oil and gas reservoirs, unmineable coal seams, and deep saline reservoirs -- structures that
have stored crude oil, natural gas, brine, and carbon dioxide over millions of years.106

104

The natural gas costs used in this calculation correspond to average delivered gas costs to power plants per
“Annual Energy Outlook 2013: With Projections to 2040”, Energy Information Administration, U.S. Department of
Energy, accessed April 20, 2014, http://www.eia.gov/forecasts/aeo/pdf/0383%282013%29.pdf
105
Cost and performance data are derived from “Annual Energy Outlook 2013: With Projections to 2040”, Energy
Information Administration, U.S. Department of Energy, accessed April 20, 2014,
http://www.eia.gov/forecasts/aeo/pdf/0383%282013%29.pdf
106
“Carbon Capture, Utilization and Storage,” U.S. Department of Energy, accessed March 29, 2014,
http://www.energy.gov/carbon-capture-utilization-storage
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There are a number of advanced research programs and demonstration projects on CCS throughout
the world. These include government research and development programs funded by the U.S.
Department of Energy and Canadian Federal and provincial governments, and industry-funded
programs such as those developed by ICO2N (an Integrated CO2 Network group of Canadian
companies representing multiple industries, including coal and the oil sands), and the Quest Carbon
Capture and Storage Project funded by Shell Canada.107,108 ,109

Cost and Performance Trends
The only large CCS projects in North America are the U.S.-based Kemper Energy facility in
Mississippi and the SaskPower Boundary Dam Project in Saskatchewan, Canada. The Kemper
County plant will have a rated capacity of 582 MW. It is new and has encountered construction
delays which reportedly have driven the total costs to over CAD $6 billion.110,111,112
The SaskPower CCS project, pictured in Exhibit 20,113 will transform an aging unit at the Boundary
Dam Power Station so that it can be a reliable, long-term producer of 110 MW of base-load
electricity. The estimated, annual reduction is greenhouse gas emissions from that project will be
one million tonnes of carbon dioxide (CO2). The Boundary Dam CCS project is reported to have a
cost of CAD $1.35 billion and would be the world's first operational, post-combustion coal-fired CCS
project.114
Exhibit 20 SaskPower CCS Facility

At 64%, the estimated
capacity factor of a coal plant
with CCS can be lower than
that of a typical coal plant
providing
only
baseload
supply because CCS is a
relatively
energy-intensive
process that consumes a
percentage of the energy
generated by a given facility.
The estimated levelized cost
of energy for CCS at a new
coal plant is displayed in
Exhibit 21 below. This cost is
expected to drop notably
between 2020 and 2030.

107

“Carbon Capture and Storage,” Natural Resources Canada, accessed March 29, 2014,
http://www.nrcan.gc.ca/energy/coal/carbon-capture-storage/4295
108
ICO2N, accessed March 29, 2014 http://www.ico2n.com
109
Quest – Shell Canada, accessed March 29, 2014, http://www.shell.ca/en/aboutshell/our-businesstpkg/upstream/oil-sands/quest.html
110
“Kemper County Energy Facility,” Mississippi Power, accessed March 29, 2014,
http://www.mississippipower.com/kemper/home.asp
111
Robert Kunzig , “Clean Coal Test: Power Plants Prepare to Capture Carbon,” National Geographic, March 31,
2014, http://news.nationalgeographic.com/news/energy/2014/03/140331-carbon-capture-kemper-coal-climate/
112
“Southern Co says Kemper Coal Plant Costs Still Climbing,” Reuters, January 28, 2014,
http://www.reuters.com/article/2014/01/29/utilities-southern-kemper-idUSL2N0L300U20140129
113
SaskPower,
http://www.saskpowerccsconsortium.com/ccs-projects/saskpower-initiatives/carbon-capture-project/
114
“Boundary Dam CCS Project,” SaskPower, accessed March 29, 2014,
http://www.saskpowerccsconsortium.com/ccs-projects/saskpower-initiatives/carbon-capture-project/
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Exhibit 21 Estimated Levelized Cost of Energy (LCOE) for New Pulverized Coal Generation Plant
115
with Carbon Capture and Storage

Technology

Unit

2020

2030

2040

New Pulverized Coal Plant with
Carbon Capture and Storage

$/kWh

$0.200

$0.180

$0.180

In addition to constructing new coal plants with CCS technology, there is the option of retrofitting
existing coal plants with CCS if those plants have conditions suitable for CCS deployment as
SaskPower is pursuing at its Boundary Dam project.116
In summary, the CCS technology is not fully commercialized with only two large CCS power plants
being constructed in North America and at a high cost. This technology is unlikely to present a
source of power in Nova Scotia in the near or medium term. In the long term, it may contribute to a
diverse, cleaner fuel mix for power generation, but full commercialization and a significant reduction
in overall costs per kilowatt hour will be required before it is cost effective. CCS deployment is
dependent upon the availability of acceptable storage locations such as saline formations and
depleted oil and gas reservoirs, and both capital and variable costs can vary greatly depending on
transportation and storage options.

Distributed Combined Heat-and-Power (CHP)
Technology Background
Combined heat and power (CHP) is a distributed (customer on-site) technology that sequentially
generates electric power and useful thermal energy from a single fuel source. Instead of purchasing
grid electricity and burning fuel in an onsite furnace or boiler to produce thermal energy, a
manufacturing plant or commercial facility can use a CHP system to provide both electricity and
thermal energy in one energy-efficient step.117 A typical CHP system consists of a steam turbine,
gas turbine, or reciprocating engine (sometimes referred to as a prime mover) integrated with an
electrical generator and a thermal recovery system. Newer technologies such as micro-turbines and
fuel cells may also be used. Common commercial application sizes for CHP generation
technologies are:



Reciprocating engines: 100 kW to 5,000 kW
Gas turbines: 3,000 kW to 40,000 kW

115

Capital costs, O&M costs, and the facility heat rate are sourced from the National Renewable Energy Laboratory's
(NREL's) “Cost and Performance Data for Power Generation Technologies,” 2012, prepared by Black & Veatch,
accessed April 20, 2014, http://bv.com/docs/reports-studies/nrel-cost-report.pdf. Costs are for a 606 MW pulverized
coal power plant with 85% CO2 removal. The plant capacity factor was calculated by multiplying the capacity factor
for a new pulverized coal plant without CCS by the expected relative net efficiency penalty of 25% for postcombustion CCS per “Technology Roadmap: Carbon Capture and Storage”, 2013, International Energy Agency,
accessed April 20, 2014, http://www.iea.org/publications/freepublications/publication/name,39359,en.html. Costs for
a CCS project on a different type of coal generation plant (e.g., an integrated gasification combined cycle (IGCC)
plant instead of the pulverized coal plant summarized here) would be expected to differ. Fuel costs are based on an
estimated delivered coal price in real dollars of $0.05/kWh for 2020, 2030, and 2040.
116
For a discussion of related issues, see “CCS Retrofit: Analysis of the Globally Installed Coal-Fired Power Plant
Fleet”, 2012, Finkenrath, Matthias and J. Smith and D. Volk, International Energy Agency, accessed May 22, 2014,
http://www.iea.org/publications/freepublications/publication/CCS_Retrofit.pdf
117
“Combined Heat and Power A Clean Energy Solution,” August 2012, page 7, U.S. Department of Energy and the
U.S. Environmental Protection Agency,
https://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/chp_clean_energy_solution.pdf.
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Micro-turbines: 65 kW to 925 kW
Fuel cells: 300 kW to 1,200 kW118

CHP systems in Canada operate at an average efficiency of 63 percent119, which is much higher
compared to the combined average efficiency of providing separate electricity and thermal energy of
45 percent.120,121 CHP can provide a range of environmental benefits to the user:


Offers an immediate path to lower greenhouse gas (GHG) emissions through increased energy
efficiency. CHP can help meet Nova Scotia’s GHG target of 10 percent below 1990 levels by
2020.122



Uses clean energy sources. Most existing CHP capacity in Canada is fueled by natural gas123,
and the clean burning and low carbon aspects of natural gas make it a preferred fuel compared
to oil products.124 In Nova Scotia, however, much of the existing CHP capacity is fueled by
biomass.



Reduces air pollution. CHP systems typically reduce emissions of criteria air pollutants, including
emissions of nitrogen oxides (NOX), sulfur dioxides (SO2), and carbon monoxide (CO) emissions,
through increased efficiency and the use of cleaner technologies.125



On-site generation like CHP avoids the transmission and distribution (T&D) losses associated
with electricity purchased via grid central station electricity, and may in some cases defer or
eliminate the need for new T&D investment.

While most current CHP capacity in Canada is located at industrial facilities, CHP can also be
economically attractive at commercial or institutional facilities such as schools or hospitals or in
district energy systems.126 Due to the inherent efficiency of CHP systems, their use in district energy
systems, where all of the waste energyfrom the electrical generation process may be used for
heating and/or cooling at end-user facilities that are connected to the district heating/cooling system,
provides economic advantages over separate heating, cooling and power generation systems.
118

B. Hedman et al., “Combined Heat and Power: Policy Analysis and 2011-2030 Market Assessment”, 2012,
California Energy Commission, California Energy Commission, prepared by ICF International, accessed April 21,
2014, http://www.energy.ca.gov/2012publications/CEC-200-2012-002/CEC-200-2012-002.pdf.
119
J. Nyboer, S. Groves, A. Baylin-Stern, “A Review of Existing Cogeneration Facilities in Canada 2013,” Canadian
Industrial Energy End-use Data and Analysis Centre, Simon Fraser University, Burnaby, BC, April 2013, page 14,
accessed April 20, 2014,
http://www2.cieedac.sfu.ca/media/publications/Cogeneration_Report_2013__2012_data__Final_-_May_3.pdf.
120
, "Combined Heat & Power: Effective Energy Solutions for a Sustainable Future," 2008, Oak Ridge National
Laboratory (ORNL), accessed April 20, 2014,
http://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/chp_report_12-08.pdf
121
The average efficiency of providing electricity separately from traditional fossil fuel-fired power plants in Canada is
38 percent. Taylor, P, O. Lavagne d’Ortigue, N. Trudeau, and M. Francouer, “Energy Efficiency Indicators for Public
Electricity Production from Fossil Fuels,” International Energy Agency, July 2008, Page 17,
http://www.iea.org/publications/freepublications/publication/En_Efficiency_Indicators.pdf.
122
“Background: 2020 Greenhouse Gas Target,” Nova Scotia Department of Energy,
https://www.novascotia.ca/energy/resources/spps/energy-strategy/Greenhouse-Gas-Target-background.pdf.
123
In Canada natural gas is the primary fuel used by 58 percent of CHP systems installed before 1990 and over 90
percent of systems installed after 1990. Strickland, C., and J. Nyober, “Co-Generation Potential in Canada,”
Canadian Industrial Energy End-Use Data and Analysis Centre.
124
J. Nyboer, S. Groves, and A Baylin-Stern, “A Review of Existing Cogeneration Facilities in Canada,” Canadian
Industrial Energy End-Use Data and Analysis, Simon Fraser University, April 2013,
http://www2.cieedac.sfu.ca/media/publications/Cogeneration_Report_2013__2012_data__Final_-_May_3.pdf.
125
“Combined Heat and Power Energy Savings and Energy Reliability for Data Centers,” October 2008, U.S.
Environmental Protection Agency, accessed April 20, 2014, http://www.epa.gov/chp/documents/datacenter_fs.pdf
126
J. Nyboer, S. Groves, and A Baylin-Stern, “A Review of Existing Cogeneration Facilities in Canada,” April 2013,
Canadian Industrial Energy End-Use Data and Analysis, Simon Fraser University, accessed April 20, 2014,
http://www2.cieedac.sfu.ca/media/publications/Cogeneration_Report_2013__2012_data__Final_-_May_3.pdf.
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According to a recent survey of district heating systems, there are reported to be 116 district heating
systems in Canada, including 17 in Nova Scotia. Of the district heating facilities that responded to a
survey, 18% were CHP-based systems.127
As of 2011 capacity data, Nova Scotia is ranked 7th out of all Canadian provinces and territories in
existing CHP capacity: 1.1 percent of total generation in Nova Scotia (or 81.7 MW) comes from
CHP, as displayed in Exhibit 22.128 Nova Scotia is 8th in relative (per capita) CHP capacity.
Community Feed-inTariff program (COMFIT) projects will increase Nova Scotia's CHP installed
capacity in coming years.
Exhibit 22 Absolute and Relative CHP Generation Capacity in Canada
CHP Electric Capacity
129
(MW)

Population (in
130
millions)

CHP Capacity (MW)
per Million Canadians

Alberta

2,664

3.790

703

Ontario

2,221

13.264

167

British Columbia

1,071

4.499

238

Saskatchewan

762

1.066

715

New Brunswick

268

0.756

354

Quebec

130

8.008

16

Nova Scotia

82

0.945

87

Manitoba

22

1.234

18

Newfoundland (and
Labrador)

18

0.525

34

Northwest Territories

9

0.044

205

Nunavut

8

0.034

235

Prince Edward Island

1

0.144

7

Not Reported

0.035

Not Reported

7,254 (rounded)

34.343

211

Province or Territory

Yukon
All Canada

In Nova Scotia, existing large-scale CHP is concentrated at paper manufacturing sites. Future,
large-scale CHP development in Nova Scotia may also be via biomass-fueled steam turbine
systems at these sites since paper manufacturing is one of the largest industries in the province, the
biomass feedstock may be a free byproduct of the industrial paper process, and there may be a
relatively small number of other end-use sectors in Nova Scotia that routinely consume sufficient onsite electricity to justify a large CHP investment.

127

J. Nyboer, S. Murphy, Noel Melton, and Michael Wolinetz, “District Energy Inventory for Canada, 2013,” March
2014, Canadian Industrial Energy End-Use Data and Analysis, Simon Fraser University, accessed May 20, 2014,
http://www2.cieedac.sfu.ca/media/publications/District_Energy_Inventory_FINAL_REPORT.pdf.
128
J. Nyboer, S. Groves, and A Baylin-Stern, “A Review of Existing Cogeneration Facilities in Canada,” April 2013,
Canadian Industrial Energy End-Use Data and Analysis, Simon Fraser University, accessed April 20, 2014,
http://www2.cieedac.sfu.ca/media/publications/Cogeneration_Report_2013__2012_data__Final_-_May_3.pdf.
129
Canadian Cogeneration Database, Canadian Industrial Energy End-Use Data and Analysis Center (CIEEDAC).
Capacity data are for 2011.
130
"Population by Year, by Province and Territory," Statistics Canada, accessed April 15, 2014,
http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/demo02a-eng.htm. 2011 population data are used for
consistency with the CHP capacity data.
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As of January 2014, 89 total COMFIT projects of all eligible (CHP and non-CHP) energy
technologies had been approved, with a total capacity of 200 megawatts.131 Under the COMFIT
program, no further applications for large biomass and wind projects of more than 500 kilowatts will
be accepted, which may lessen the pace of CHP development in the province somewhat moving
forward.132
CHP has also gained attention recently for its energy security and reliability benefits, especially as
part of microgrid projects or serving “MUSH” sectors (municipal governments, universities, schools,
and hospitals).133 After Superstorm Sandy, a number of states in the Northeastern U.S. have
implemented policies and incentive programs to encourage CHP development due to its reliability
and resiliency benefits because properly configured CHP systems can remain up and running when
the grid is down.134 An innovative application of CHP in the MUSH sector is profiled in Exhibit 23,
from the University of British Columbia.
Exhibit 23 Profile of University of British Columbia (UBC) Innovative Biomass Syngas CHP
System
The Vancouver campus of UBC has installed a community-scale biomass CHP system, which is touted as
the first of its kind in the world. The system uses biomass to produce synthesis (syn) gas in a hightemperature, low-oxygen reactor. The untreated syngas is burned in a boiler to produce steam and also
processed further to create an ultraclean syngas that can be used in an internal combustion engine to
produce electricity.
The system provides both heat and power to the UBC campus, enables research on the generation of fuel
and process innovations, and has substantially helped decrease the campus’ GHG emissions and fossil
fuel consumption – UBC has a goal of reducing its GHG emissions 100 percent below 2007 levels by
2050.
The CHP system has two operating modes. The “thermal-only mode” uses gasification technology
developed by Nexterra to distill biomass into a clean syngas. The syngas is then burned in a boiler to
produce steam and hot water to meet the campus’ heating needs. In this mode, the system can provide 25
percent of UBC’s total thermal needs.
In the “demonstration mode” the system produces both heat and electricity. In this mode, the syngas is
cooled, filtered, and injected into a reciprocating engine that produces electricity, which is distributed
throughout the campus via the UBC power grid. The system generates 2 MW and about 12 percent of
UBC’s requirements. In demonstration mode, the system reduces UBC’s GHGs by an additional 5,000
tonnes per year, equivalent to removing 1,000 cars from the road on an annual basis.
Source:
http://www.districtenergy.org/blog/2013/10/22/ubc-bioenergy-rd-facility-is-worlds-first-community-scale-chpbiomass-system/

131

“Community Feed-in Tariff Program Results Available,” Nova Scotia Department of Energy, March 10, 2014,
http://www.nsrenewables.ca/news/community-feed-tariff-program-results-available.
132
"Report on the Review of the Community Feed-in-Tariff Program," March 2014, Nova Scotia Department of
Energy, accessed April 20, 2014,
http://energy.novascotia.ca/sites/default/files/a_comfit_review_report_march_2014.pdf
133
Canadian Gas Association, “Combined Heat and Power Workshop,” April 18, 2013, http://www.cga.ca/wpcontent/uploads/2013/04/CHP-Workshop-Primer-Alberta_final.pdf.
134
“Combined Heat and Power: Enabling Resilient Energy Infrastructure for Critical Facilities,” March 2013, Oak
Ridge National Laboratory, prepared by ICF International accessed April 20, 2014,
http://www1.eere.energy.gov/manufacturing/distributedenergy/pdfs/chp_critical_facilities.pdf.
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Cost and Performance Trends
CHP capital costs have been declining in recent years.135 Estimated capital costs (in 2012 Canadian
dollars) are displayed in Exhibit 24 below.136
Exhibit 24 Estimated CHP Cost and Performance
Generation SubTechnology (& Size)

Installed Capital Cost
137
($/kW)

Non-Fuel O&M Cost
($/kWh)

Heat Rate (Btu/kWh)

Reciprocating Engine
(100 kW)

$3,531

$.0.024

12,637

Reciprocating Engine
(10,000 kW)

$1,724

$0.011

8,207

Gas Turbine (3,000
kW)

$2,904

$0.011

14,085

Gas Turbine (40,000
kW)

$1,337

$0.006

9,220

Micro-turbine (65 kW)

$3,916

$0.025

13,950

Micro-turbine (925
kW)

$3,616

$0.020

12,247

Fuel Cells (300 kW)

$6,666

$0.035

8,022

Fuel Cells (1,200 kW)

$5,511

$0.032

8,022

As with any natural gas generation technology, the final cost of energy produced by CHP systems is
directly correlated with and heavily influenced by natural gas fuel costs.138
The cost differences between the natural gas-fired CHP systems described above and bioenergyfueled CHP systems depend greatly on the type of bioenergy feedstock (e.g., its combustion
characteristics) used. Also, the net costs of bioenergy feedstocks (from procuring the fuel source,
transporting fuel to the generation site, storing the feedstock, and avoiding tipping fees, if any) will
affect the all-in energy costs obtained from bioenergy CHP systems.139
135

B. Hedman et al., “Combined Heat and Power: Policy Analysis and 2011-2030 Market Assessment”, 2012,
California Energy Commission, California Energy Commission, prepared by ICF International, accessed April 21,
2014, http://www.energy.ca.gov/2012publications/CEC-200-2012-002/CEC-200-2012-002.pdf. See pages 87-101 for
cost and performance projections by CHP technology.
136
B. Hedman et al., “Combined Heat and Power: Policy Analysis and 2011-2030 Market Assessment”, 2012,
California Energy Commission, prepared by ICF International, accessed April 21, 2014,
http://www.energy.ca.gov/2012publications/CEC-200-2012-002/CEC-200-2012-002.pdf. Data from this report were
adjusted so that they are not California-specific.
137
Capital costs are before taxes and incentives. To estimate capital costs, the capital costs of the generation
technologies themselves were added to the midpoint of the range of absorption chiller costs of CHP systems of
corresponding size from “Combined Heat and Power: Policy Analysis and 2011-2030 Market Assessment”, 2012,
California Energy Commission, prepared by ICF International, accessed April 21, 2014,
http://www.energy.ca.gov/2012publications/CEC-200-2012-002/CEC-200-2012-002.pdf. An exchange rate of 1 US
Dollar = 1.1 Canadian Dollars was used.
138
As external projections of CHP costs to 2040 were not readily available, they are not included in this report as they
are for the other technologies.
139
Exhibit 17 earlier in this chapter contains summary data on projected electricity-only (non-CHP) bioenergy
generation costs.
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In summary, CHP is a high-efficiency generation source that can provide cost-effective on-site
electricity production, together with valuable thermal outputs that can offset heating or cooling loads.
Nova Scotia already has many CHP systems in place at large-scale that are primarily associated
with paper manufacturing sites. The COMFIT program supports biomass-fueled CHP systems.
Going forward, the “MUSH” sectors (municipal governments, universities, schools, and hospitals) in
Nova Scotia hold potential for natural gas-fired CHP development, as they tend to highly value the
enhanced energy security or reliability that CHP systems can offer in addition to the cost and
environmental advantages that CHP can have across many end-use sectors.

2.5

Implications for Nova Scotia's Generation Future

Over the next 25 years, there are a number of emerging electricity generation technologies that can
play an increasing role in Nova Scotia's energy mix. The all-in electricity costs from renewable and
carbon capture and storage technologies are expected to decline, in real dollars, over the next 25
years and to make them increasingly cost-effective compared to traditional generation sources.
Many of these technologies generate power from renewable sources and draw upon abundant local
resources in Nova Scotia.

Tidal Power
The Bay of Fundy is recognized as the most significant tidal power resource in the world and already
hosts a large tidal power plant. Nova Scotia's Community Feed-in-Tariff (COMFIT) program has
approved additional tidal generation projects, and investment, governmental, and academic
institutions are working collaboratively to further develop both tidal power itself and a tidal generation
industry centered in the province. There is also now a commercial-scale COMFIT for tidal power in
the province.

Bioenergy
Similarly, a diversity of local bioenergy feedstocks hold promise to supplement the forestry/wood
feedstocks that have fueled much of Nova Scotia's bioenergy generation to date. Feedstocks that
may see considerable growth in the coming years include purpose-grown crops like Miscanthus
(Elephant Grass). Bioenergy facilities typically provide baseload, consistent power to the grid, which
should allow them to develop in the post 2020 horizon with fewer grid operation implications than
new wind or solar generation may entail.

Wind
Nova Scotia is already a leader in the penetration of wind onto its electricity system, and that lowcost, clean resource is helping Nova Scotia significantly towards attainment of its 40% by 2020
supply requirements under the province's Renewable Electricity Standard. Between now and 2020
and beyond that time, the integration of wind onto the Nova Scotia Power, Inc. system will be an
important challenge that the utility is addressing through management of responsive "ramping"
generation resources to balance the variability of wind supply and help the utility match electricity
supply to electricity demand and through a range of demand-side management and optimization
measures that are discussed in subsequent chapters of this report. The importance of integrating
generation with variable production patterns may slow the pace of central-station wind development
in the province beyond 2020.
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Solar
Solar technologies (including those that do not generate power themselves like domestic hot water
systems) can be easily deployed at distributed sites (residences and businesses) and can reduce
net power imports there. However, in spite of recent declines in solar photovoltaic (PV) capital
costs, these systems remain relatively expensive, and their variable production which peaks in the
summer does not match Nova Scotia's winter peak in electricity demand.

Emerging and Growing Non-Renewable Sources
Turning to non-renewable generation, combined cycle natural gas units are increasingly efficient for
central station use and can provide baseload or responsive power to the grid. While these units
have very attractive all-in (levelized) costs today, their costs of power are highly dependent on
natural gas fuel costs. Unlike other technologies summarized in this chapter, the levelized costs of
combined-cycle natural gas generation are expected to increase in real dollars over the next 25
years. This is due to expected increases not in the cost and performance of the technology itself,
but in its fuel.
Important emerging or growing technologies that use fossil fuel include large, central-station carbon
capture and storage (CCS) coal plants and distributed combined-heat-and-power (CHP). CCS is
being pioneered at plants in Canada and the U.S. at this time. Its high capital costs are expected to
decline over time, though there may be technical challenges as this technology develops. CCS is
also very dependent on having geology at its site that will support carbon storage. CHP, on the
other hand, is a heavily-deployed technology (82 MW in Nova Scotia) that is enjoying increased
attention due to advances in technology cost and performance, its high efficiency, and interest in the
energy security and reliability benefits that multi-MW CHP plants can provide to various end-use
sectors such as municipal/provincial agencies, universities, schools, and hospitals. While CHP can
be fueled by natural gas and oil, there are also frequent deployments of it with bioenergy feedstocks,
including innovative COMFIT projects in Nova Scotia.
In summary, the deployment of emerging generation technologies may occur with greatest speed
and scale in the 2030s as the opportunity exists for new sources to replace older central station coal
and natural gas plants that may retire at that time. The long-term trajectory of Nova Scotia's
electricity demand will greatly affect how much or little new generation will be required. Well before
the 2030s, despite the fact that Nova Scotia has an attractive generation reserve margin (i.e.,
sufficient firm generation to cover its forecasted winter peak demand), Nova Scotia policies such as
COMFIT and the Renewables to Retail program should support growth in clean and emerging
generation deployment. Even beyond these provincial programs, the expected growing costeffectiveness of many clean and emerging technologies may encourage Nova Scotian residents,
businesses, and investors to pursue them for economic reasons and to also capture the
environmental and energy security benefits inherent in many of the technologies.
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3 Energy Efficiency and Conservation
Energy efficiency (EE) programs have been delivering electrical energy and demand savings in
jurisdictions throughout North America for over three decades, and energy efficiency is now regularly
incorporated within the long-term electricity planning process. Today, the majority of utility electricity
long-term planning is conducted within an integrated resource planning (IRP) process, such as the
one currently taking place within Nova Scotia.
A scan of North American jurisdictions shows that there are a variety of ways in which energy
efficiency is treated within the integrated resource planning process. A recent report by the American
Council for an Energy-Efficient Economy (ACEEE)140 determined that some jurisdictions treat energy
efficiency in a similar manner as other supply side resources within the IRP. In this IRP approach,
once future electricity needs are estimated, energy efficiency competes with conventional new
generation as well as alternate and renewable energy resources to meet those future needs.
However, some jurisdictions still do not treat energy efficiency and supply resources on a
comparable basis. Typically, in these cases, the jurisdiction deems a certain amount of energy
efficiency to be available, reduces the load forecast accordingly, and then fills the resource gap
through supply options even if the deemed amount of energy efficiency leaves potential savings on
the table that are less costly than supply resources.
Nova Scotia (NS) has adopted the former, more rigorous approach. Recent NS program results
have demonstrated EE’s ability to deliver cost-effective savings in the present and near term. The
continued contribution of EE to Nova Scotia’s longer term electricity needs is reliant on continued
technology innovation and new, emerging technologies that will provide additional savings
opportunities and customer benefits into the longer term of the 25 year IRP process. To this end,
government, research, utility and industry players throughout North America have developed
extensive collaborative working relationships to continuously push new energy efficiency
technologies from the research & development stage into the market.
This chapter provides an overview of Nova Scotia’s forecast future electricity needs, based on
current provincial forecasts, and presents selected examples of emerging energy efficiency
technologies that offer the potential for EE to continue to be an attractive long term resource option
for Nova Scotia’s electricity future. More specifically, this chapter provides:




A definition of emerging EE technology, as applied in this chapter
An overview of the end uses that consume the largest share of Nova Scotia’s electricity supply,
today and into the future
A discussion of selected emerging EE technologies that are expected to be able to address
Nova Scotia’s longer term electricity requirements.

3.1

What is an Emerging EE Technology?

Numerous definitions of new and emerging technology can be found in the literature; for the
purposes of this paper, and in consultation with Nova Scotia’s Department of Energy, we have
selected the following definition of an emerging EE technology:141



140
141

The technology is developed, but is at an early stage of market entry, typically with less than 2%
market penetration
It is typically is not cost-effective at its current sales share, but promises to be more attractive
with increased market sales and/or continued technical performance improvements
ACEEE, The Treatment of Energy Efficiency in Integrated Resource Plans, January 2013.
ACEEE: Emerging Technologies and Practices; www.aceee.org/topics/emerging-technologies-and-practices
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It offers significant energy or demand savings potential for Nova Scotia’s post-five year electricity
planning period. Particular focus is on the 2015-2020 period, with a more general treatment of
EE technology trends and expectations for the period beyond 2020.

It should be noted that the number of emerging EE technologies currently under consideration is
very extensive. The intent of this chapter is not to cover them all; rather, it is to select a sampling of
those technologies that align well with Nova Scotia’s current and anticipated electricity needs and to
illustrate how these technologies could contribute to Nova Scotia’s electricity future. It should be
noted that the scope of this report was limited to Residential and Commercial Technologies, as
these have broad-based applications across the province and into the future, and many of these
technologies also apply to industrial facility services (such as lighting and HVAC measures). While
there are also meaningful process opportunities in NS looking forward, these are very specific to
each process and industry, and were beyond the scope of the present assignment to address
specifically.

3.2

Summary of Current and Future Electricity Use and DSM
Situation

To anchor this discussion of new and emerging EE technologies it is beneficial to first understand
where Nova Scotia’s current energy use and future electricity needs are expected to be the greatest.
For this perspective, we turn to the recently published report by Navigant on behalf of Efficiency
Nova Scotia Corporation (ENSC), entitled Energy Efficiency Market Potential 2015-2040.142 That
study estimates that total electricity use in Nova Scotia was 9,675 GWh in 2012 and, in the absence
of new DSM programs, total provincial annual electricity use is expected to grow to 13,883 GWh,
under the Base Case Forecast. In 2012, that electricity use was divided among residential (44%),
commercial (34%), and industrial (22%) customers; the share of electricity use among those sectors
is expected to remain relatively stable over the period. Further details on electricity use by major end
use within Nova Scotia’s residential and commercial sector are presented in Exhibit 25 through
Exhibit 28.143

142

Note: A more detailed discussion of Nova Scotia’s energy efficiency market is provided in the companion report to
this one entitled “Nova Scotia Market Trends for the Supply & Demand of Electricity in Nova Scotia”.
143
A more detailed breakdown of electricity use within the industrial sector is not readily available.
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Exhibit 25 Residential Sector: Electricity Use 2012 vs 2040 – with No New DSM (GWh)
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Electricity Consumption (GWh)

7,000
6,000

2012
2040 - No New DSM

5,000

2040 - Achievable

4,000
3,000
2,000
1,000
-

As illustrated in Exhibit 25 and Exhibit 26, residential sector electricity use, in the absence of new
DSM programs, is expected to grow from 2012 levels of approximately 4,232 GWh to 6,067 GWh by
2040, a growth of about 43%. With DSM (i.e. the achievable potential scenario), electricity use is
forecasted to grow only about 14%. Space heating, ventilation and cooling145 (36%), appliances
(25%) and domestic hot water (DHW) (17%) represented the largest share of residential electricity in
2012. These same end uses are forecast to continue to dominate residential electricity use in 2040
as well. However, the most significant growth area over the period is for space heating and
ventilation, which is expected to account for over 60% of the forecast residential load growth in the
scenario with no new DSM and over 75% of the growth in the achievable potential scenario. As a
result, the share of residential energy consumption for these end uses will rise from 36% to over
40%.
Exhibit 26 Residential Energy Consumption in 2012 (Left) and 2040, With DSM (Right)

DHW
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Efficiency Nova Scotia, Market Potential Study 2015-2040.
Space cooling use is a very small share of HVAC use due to Nova Scotia’s climate.
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As illustrated in Exhibit 27 and Exhibit 28, commercial sector electricity use, in the absence of new
DSM programs, is expected to grow from 2012 levels of approximately 3,289 GWh to 5,071 GWh,
an increase of about 54%. With DSM (i.e. the achievable potential scenario), electricity use is
forecasted to grow only about 17%. Space heating, ventilation and cooling (HVAC) (35%), other
(29%)146, lighting (23%) and refrigeration (17%) represent the largest share of commercial electricity
use in 2012, as well as in 2040.
Exhibit 27 Commercial Sector: Electricity Use 2012 vs 2040 - No New DSM (GWh)
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Exhibit 28 Breakdown of Commercial Energy Consumption in 2012 (Left) and 2040 (Right)
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“Other” is an aggregated category of electricity use; however further definition of the specific composition of this
end use was not available at the time of this writing. Hence, further comment in this chapter was not possible.
147
ENSC, Energy Efficiency Market Potential, 2015-2040, 2014.
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3.2.1 Nova Scotia EE Program Situation
Nova Scotia began increasing its investment in EE program delivery in 2008. In the first year of
program activity the reported annual savings were 21 GWh. By 2012,148 when program activities had
fully ramped up, annual savings had increased to 255 GWh. In the same period, reported demand
savings grew from 5.7 MW to 50.7 MW.
Exhibit 29 provides additional detail on the reported cumulative results for each of the intervening
years. 149

Cumulative Energy Savings
(GWh)

Exhibit 29 Cumulative Energy and Demand Savings 2008-2012
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As illustrated Exhibit 29, Nova Scotia’s energy savings over the period of 2008 to 2012 consisted of
a combination of EE program activities, independent EE projects undertaken by extra-large industrial
customers, and energy performance codes and standards. In the period, EE programs contributed
approximately 73% of the cumulative energy savings and 81% of cumulative demand savings, while
independent EE projects undertaken by extra-large industrial customers contributed 24% of energy
and 15% of demand savings. Energy performance codes and standards contributed the remaining
3% of energy savings and 4% of demand savings.

148
149

rd

This is the latest year for which 3 party evaluated program results were available.
ENSC, Verified Year over Year Annual Results, Programs Only.
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Actual EE Results Compared to 2009 Plan
Exhibit 30 summarizes the incremental annual energy and demand saving achieved from 2008-2012
and compares those results to the targets set out in Nova Scotia Power Inc.'s (NSPI’s) previous
2009 IRP Plan.150
Exhibit 30 Actual versus Planned Incremental Annual Energy and Demand Savings 2008-2012
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As illustrated in Exhibit 30, the combined actual savings from EE programs, projects by extra-large
industrial customers, and code and standards for the 2008 and 2012 period exceeded the 2009 IRP
planned targets in each year.
Cumulative targets were exceeded by 28% in terms of energy savings and 15% in terms of demand
savings. The rapid increase in annual electricity and demand savings was consistent with the plan,
which called for energy savings starting at 16 GWh in 2008 and increasing to 205 GWh in 2012.
Similarly, demand savings were intended to increase from 2 MW to 44 MW.
The above profile of current and forecast electrical requirements provides a focus for the discussion
of emerging technologies that is presented in the following sections. More specifically:


Section 3.3 presents a selection of energy efficiency technologies that offer savings potential for
space heating, lighting, water heating, and appliances



Section 3.4 presents a selection of demand response (DR) technologies that address the same
end uses.

150

The comparison is between the evaluated savings and the IRP targets. Program targets were also set in the DSM
Planning process but the IRP targets are presented here. These numbers were taken from the table on page 155 of
the 2009 IRP entitled “2009 IRP Projection”.
151
The IRP numbers are taken from the 2009 IRP. They do not line up with ENSC’s numbers, since ENSC’s values
include programs, codes & standards, and extra-large industrial customers.
© 2014

46

icfi.ca

Emerging Electricity Technologies in Nova Scotia

In Summary
Residential sector electricity use, in the absence of new DSM programs, is expected to grow from
2012 levels of approximately 4,232 GWh to 6,067 GWh by 2040, an increase of about 43%.
Commercial sector electricity use, in the absence of new DSM programs, is expected to grow from
2012 levels of approximately 3,289 GWh to 5,071 GWh by 2040, an increase of about 54%. Nova
Scotia’s EE program experience shows that over the period from 2008 to 2012, the target energy
and demand savings set out in the 2009 IRP were met and exceeded

3.3

Emerging EE Technologies for Nova Scotia

As noted in the introduction to this chapter, government, universities, research agencies, utilities and
industry throughout North America are working together to promote continued technology innovation
in all of the major energy consuming end-uses. Innovation is intended to bring to market
technologies and practices that use less energy and provide additional customer and electricity
system benefits; this steady stream of new technologies and practices is critical to the on-going
success of future EE programs. Further detail on a selection of these participating organizations can
be found by accessing the websites provided below.152 A visit to any of these, or similar, websites
serves to illustrate the depth of investment and the scope of technology research and development
that is underway.
Below, we present a brief review of a selected number of emerging technologies that offer significant
energy savings potential in the key residential and commercial sector end uses that were identified
in the preceding section. The discussion is presented by sector beginning with the residential sector.

3.3.1 Residential Sector
This section presents a profile of the following technologies consistent with the major areas of
residential electricity use.


Residential Space Heating Technologies
 Ground source heat pumps
 Cold climate air source heat pumps
 Cold climate ductless mini-split heat pumps
 Hybrid air source heat pumps



Other Residential HVAC Technologies
 Smart/learning thermostats
 Home automation systems
 Super high performance windows



Residential Appliances
 Smart appliances
 Inverter compressor driven refrigerators
 Induction cooktops
 Heat pump clothes dryers

152

See for example:
US Office of Energy Efficiency and Renewable Energy: http://energy.gov/eere/buildings/creating-nextgeneration-energy-efficient-technology

Emerging Technologies Coordinating Council: http://www.etcc-ca.com/

Rocky Mountain Institute: http://www.rmi.org/Knowledge-Center/Library
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Residential DHW
 Heat pump water heaters

Residential Space Heating
Electric space heating accounts for more than one-third of current residential electricity use and is
forecast to grow to over 40% by 2040. Virtually all of this electric space heating is resistance and in
the existing housing stock much is accomplished via electric baseboard. In new construction, there
is option to incorporate central systems.
Heat pump technologies, such as ground source heat pumps (GSHP) and conventional air-to-air
source heat pumps, have been in the marketplace for many years. While these technologies have
achieved limited market penetration, a combination of cost and technical constraints has seriously
limited their wider spread use in both existing and new homes. However, there are new heat pump
technologies that have the potential to address these historical constraints and to substantially
reduce the level of electricity consumption required to heat both new and existing homes. Below, we
provide a brief description of some of these technologies and their potential contribution to Nova
Scotia’s future electricity needs.

Ground Source Heat Pumps
Ground source heat pumps (GSHPs) use the thermal storage capacity of the ground or a body of
water for space heating and cooling. GSHPs take advantage of the fact that ground temperatures
and water temperature are often more moderate than outdoor air temperature. There are two types
of GSHP systems, as illustrated in Exhibit 31:


Closed loop GSHP systems: Closed loop GSHP systems employ horizontal or vertical piping
networks. Horizontal piping networks are often constructed in homes with large back yards and
involve trenching at a depth of 1-2 meters. Vertical piping networks consist of a grid of vertical
boreholes with plastic u-tube heat exchangers connected in parallel. This approach is used when
limited land is available, since it is more expensive than trenching. Closed loops systems can
also employ bodies of water, but the home must be in close proximity to a body of water and
open loop systems are more commonly constructed in these cases.



Open loop GSHP systems: Open loop GSHP systems, also called groundwater heat pumps,
use an available water supply, such as a well or lake as the heat exchanger. Since the
temperature of this water remains fairly constant throughout the year, the efficiency of these
systems can be quite high. However, the applicability of these systems is low since they can
only be used where water sources are easily available and allowed by local building codes to be
used for this purpose. Depending on whether the system is heating or cooling, the body of water
acts as either a heat source or heat sink.

In both types of systems, water or a heat transfer fluid is pumped through the network and
exchanges heat with the heat pump’s refrigerant. The heat pump uses the same principle as a
refrigerator or air conditioner, to move heat from one location to another, often against the natural
direction of heat transfer. Depending on whether the system is heating or cooling, the ground or
groundwater acts as either a heat source (in the winter) or heat sink (in the summer).
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Exhibit 31 Schematics of a closed loop GSHP system (left) and an open loop GSHP system using
153
a well (right)

The technology for GSHPs is mature and has been commercially available for decades. However,
the market penetration of these types of systems is quite low. This is largely due to their high capital
cost and the fact that GSHPs can only be installed in homes with central (i.e. ducted) heating and
enough adjacent land to accommodate the wells.
Costs for closed loop GSHP systems are in the range of $15,000-$17,000, with systems that require
drilling being closer to the top end of the price range. The cost of open loop systems is in the range
of $10,000-$12,000, with systems that have access to a lake or any other body of water being closer
to the bottom of the range.154 Efficiency Nova Scotia’s Green Heat program is currently offering zero
interest loans and rebates of up to $2,500 for eligible installations of GSHP systems.155 However,
the cost of these systems is expected to remain high for the foreseeable future.
GSHPs use approximately 65% less energy to heat homes than electric baseboards. Since space
heating accounts for the largest portion of energy consumption in homes (i.e. typically about 40%),
these systems can have a large impact on reducing overall energy consumption.

Cold Climate Air Source Heat Pumps
Cold climate air source heat pumps (CC-ASHPs) can be used to replace existing forced air central
heating systems. In operation, the ASHP in a CC-ASHP is used until the outdoor temperature falls
below the heat pump’s balance point. At this point, the heat pump shuts off and heating is provided
by backup forced-air heating system, typically a bank of electric resistors or a forced air furnace.
Recent advances in cold climate heat pumps allow some models to operate in heat pump mode in
153

Nova Scotia Environment, “The Drop on Water: Ground Source Heat Pumps”, March 2009, available at:
http://www.novascotia.ca/nse/water/docs/droponwaterFAQ_Groundsource-HeatPumps.pdf
154
Costs based on surveys of contractors in New Brunswick. Open loop system pricing includes cost of water supply
well and pump.
155
Efficiency NS, Ground Source Heat Pumps, http://www.efficiencyns.ca/products/ground-source-heat-pump/,
accessed on April 10, 2014.
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temperatures approaching -25°C before their efficiency drops to that of a resistance heater.156, 157
The energy used by a particular heat pump over the course of the heating season is given by its
heating seasonal performance factor (HSPF), which varies by region since heat pumps operate less
efficiently in colder climates. CC-ASHP systems do not incur cost of the drilling or the constraint of
space needed for trenching in a GSHP system.
CC-ASHPs from a limited number of manufacturers are currently available on the market. This
includes products from Mitsubishi and Ecologix. However, these products have very limited market
penetration, mainly due to their novelty and their high cost. Natural Resources Canada (NRCan) is
currently carrying out a project that involves the development and demonstration of CC-ASHPs in a
number of Canadian climate regions.158 This project is being carried out in partnership with
Ecologix.
Costs for cold climate heat pumps are currently in the same range as ground source heat pump (i.e.
$8,000-$10,000) but do not require the extra costs associated with drilling or trenching.
Much of Nova Scotia’s residential load is located in areas where even in the coldest month of
January, the average temperature is between -5°C and 0°C.159 At these winter temperatures, CCASHPs operate with a coefficient of performance (COP) in the range of 2.3, meaning that they would
use approximately 55% less electricity than current electric resistance heating systems.
As a result, CC-ASHPs offer 50-60% savings in space heating energy costs when compared to
homes with electric baseboard heating and central fuel oil-fired forced air furnaces.160

Cold Climate Ductless Mini-Split Heat Pumps
Cold climate ductless mini-split heat pumps are composed of an outside condensing unit and one or
more interior head units mounted on the wall. In applications where the system is to be used to heat
a larger portion of the home, up to five interior units can be installed in various locations in the home.
Similar to cold climate air source heat pumps, mini-split heat pumps typically work in heat pump
mode up until the outdoor temperature falls below the heat pump’s balance point temperature, which
is typically in the range of -15C for standard heat pumps and up to -25C for cold climate variants.
Beyond this temperature, electric resistance coils are used instead.
Mini-split heat pumps are extremely popular in Europe and Asia and are only starting to become
common in North America. In addition, the cost of cold climate ductless mini-split heat pumps is
dependent on the number of indoor units and overall heating capacity of the system. However,
installed costs start at about $2,700 for systems with one interior unit161 and can be as high as
$8,000 for multi-head systems. Costs are expected to fall as these units become more common.

156

NRCan, “Cold Climate Air-Source Heat Pump Demonstration, Ecologix Heating Technologies Inc.”, accessed on
April 11, 2014, https://www.nrcan.gc.ca/energy/funding/current-funding-programs/cef/4965
157
Based on specifications for various models of Ecologix air-to-air cold climate heat pumps, their COP at a -25C
outdoor temperature varies from 1.8 to 1.9 and the units are able to operate at 39% to 53% of their rated heating
capacity, Ecologix, “Digital Air to Air Cold Climate Heat Pump”, accessed on May 21, 2014,
http://www.ecologix.ca/products/product-selection-tool/SpecSheet?productcategory=3&modeltype=16
158
NRCan, “Cold Climate Air-Source Heat Pump Demonstration, Ecologix Heating Technologies Inc.”, accessed on
April 11, 2014, https://www.nrcan.gc.ca/energy/funding/current-funding-programs/cef/4965
159
Based on review of Environment Canada Climate Normals data, available at:
http://climate.weather.gc.ca/climate_normals/index_e.html
160
NRCan, “Cold Climate Air Source Heat Pumps: Results from Testing at the Canadian Centre for Housing
Technology”, May 20, 2013, available at:
http://www.chba.ca/uploads/TRC/May%202013/Cold%20Climate%20Air%20Source%20Heat%20Pumps%20Present
ation%20-%20May%202013.pdf
161
Sunshine Renewable Energy, “Ductless Mini Split Heat Pumps in Halifax Nova Scotia”,
http://www.heatpumpshalifax.ca/ductless-mini-split-heat-pump/
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Mini-split heat pumps can be an attractive option since they can be used in homes without central
heating systems and are much more efficient than electric baseboards. As noted above, much of
Nova Scotia’s residential load is located in areas where the average January temperature is
between -5°C and 0°C. At these Nova Scotia winter temperatures, mini-split heat pumps operate
with a coefficient of performance (COP) in the range of 2.0, meaning that they would use
approximately 50% less electricity than current electric resistance heating systems.

Hybrid Air Source Heat Pumps
Hybrid air source heat pumps (ASHPs) are also a viable option. These systems employ a standard
air source heat pump in conjunction with a forced air furnace. The ASHPs provide heating up until
the outdoor temperature falls below a pre-set temperature (i.e. the heat pump’s balance point),
typically in the -5C to -10C range. At this point, the heat pump shuts off, and heating is provided
by backup forced-air heating system; typically a forced air furnace.
Standard ASHPs are less expensive than cold climate variants and this setup is attractive for
utilities, since it can help them reduce their winter peak demand during the coldest days of the
winter. However, there are additional costs associated with the installation of two heating systems
and the maintenance of both systems. As such, this is not a system that would typically be selected
in the absence of some utility support or utility incentive.

Other Residential HVAC Technologies
There is a large selection of emerging technologies that will have a reducing impact on the electricity
consumption for residential HVAC. Control systems, including smart thermostats and home
automation systems, are expected to play a large part. In addition, upgrades to the building
envelope, such as super energy efficient windows, can have a large impact since they have
historically been the component of the home envelope with the poorest insulating properties.

Smart/Learning Thermostats
Programmable Communicating Thermostats (PCTs), also known as “smart” or “learning” thermostats
(see Exhibit 32), are digital thermostats that can receive information wirelessly and regulate the
temperature according to manually or remotely programmed settings or instructions. These devices
may be integrated with other parts of a connected home automation system, or used for demand
response. However, they can also operate on a stand-alone basis and are widely seen as the most
promising area of home automation (HA) or home energy management systems (HEMs).
A subset of smart thermostats has on-board logic that will automatically optimize the temperature
control within the home, in addition to remote communicating functionality. This programming may
involve learning the consumer’s schedules and using motion sensors to optimize the control of
temperature to match consumer behavior. Remote programming functionality includes the ability to
program via a website and/or a smartphone.
One major reason for the promising outlook for smart thermostats is that HVAC represents the
largest residential use of electricity, and because smart thermostats offer the potential for significant
electricity savings in this area, with little negative impact on the lives and comfort of customers.
Another reason is that there are also positive non-energy impacts, as companies see the ability to
control their home temperature from a smart phone as being a selling feature that will resonate with
customers.
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Exhibit 32 Selection of Currently Available Smart Thermostats

162

There are a number of smart thermostats currently available on the market. For example, the Nest
learning thermostat has an in-built motion detector to help establish if someone is or is not in the
home. It is important to note that while it is possible to control baseboard heaters with smart
thermostats, this is not a route that is currently being actively pursued. This is mainly due to the
associated cost of installing multiple smart thermostats in a home heated with electric baseboards.
Costs can vary considerably, depending on the model and the functionality of various smart
thermostats (e.g., standalone, networked and learning smart thermostats). However, typical costs
are in the $100 range and some models cost as much as $700 (installed).163 Some models also
include an annual subscription fee.
Self-programmable thermostat providers have claimed efficiency gains of 10-33% for residential
customers.164 Other studies have shown savings of 5-20% of heating and cooling costs.165 The
magnitude of these savings is important, as companies’ see that their smart thermostats can provide
a good return on investment to customers, and for this reason feel there is a wide market for the
devices. In addition to energy (and cost) savings, customers would have the benefits of increased
control of household energy use, including remote control.

162

Lee Hamilton, "Can Smart Thermostats Rise from the Ashes of Their Programmable Predecessors?", E Source
Focus Report, TAS-F-2, September 26, 2012.
163
Lee Hamilton, “Can Smart Thermostats Rise from the Ashes of Their Programmable Predecessors?”, E Source
Focus Report, TAS-F-2, September 26, 2012.
164
Patrick Levy, Lauren Callaway and Bob Lockhart, Smart Thermostats, Standalone, Networked, and Learning
Smart Thermostats: Global Market Analysis and Forecasts, published by Navigant Research in 4Q 2013.
165
Gilbert A. McCoy, “Smart” Residential Thermostats: Capabilities, Operability and Potential Energy Savings,
Washington State University, December 2012.
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Home Automation Systems
Home Automation (HA) systems (see Exhibit 33) have historically started with safety and security as
the end goal and have expanded to include other objectives, such as surveillance, energy
management, lighting, and entertainment. Advanced HA systems nowadays have the ability to bring
together all of the smart technologies within the household, such as smart thermostats, smart
appliances, and lighting controls. The HA platform will make it possible for additional connectivityembedded devices to be added to the system, allowing further home energy management features
to be incorporated where desired.
Exhibit 33 Selection of Home Automation System Components

166

Some significant players, such as Google, Microsoft, and Cisco, have decided to exit the market for
HA systems in the last few years, citing a lack of growth and consumer interest. The systems that
were being developed by these companies aimed to bring together the customer, smart meters, and
connected equipment. However, some of these companies are beginning to re-enter the market
again, such as Google, through their acquisition of Nest Labs.167 Other companies have also
ventured into advanced HA systems, such as Savant168 and Leviton.169 Some of the recent reinventions of HA have been driven by telecommunication and security companies, who already have
a wide presence in households. These companies are trying to expand their more traditional home
security offerings by customizing them for consumers who might not be interested in a security
system, but are interested in a home monitoring system, or a home automation system. For
example, in August 2012, Leviton, a company that dealt in electrical wiring devices, network and
data center connectivity solutions, and lighting energy management systems, acquired Home
Automation, Inc., a leader in home automation controls.170
Home automation systems are currently expensive but, like other electronics, future cost reductions
are expected as the technology gains greater market share. The new advanced HA systems still
focus on security, comfort, convenience, and control, but they include significantly less equipment
166

Sources:
1) Savant, Home Automation http://www.savantsystems.com/home_automation_and_control.aspx
2) Leviton, Interfaces http://www.leviton.com/OA_HTML/SectionDisplay.jsp?section=63276&minisite=10251
167
Jeff St. John, “Google and Nest: The Big Picture for Home Automation Competitors”, The Energy Collective,
January 18, 2014, accessed April 10, 2014 http://theenergycollective.com/jeffstjohn/328066/google-and-nest-bigpicture-home-automation-competitors
168
Energy Management Systems, Smart Energy, Savant, accessed April 10, 2014
http://www.savantsystems.com/energy_management.aspx
169
Security and Automation, Leviton, accessed April 10, 2014
http://www.leviton.com/OA_HTML/SectionDisplay.jsp?section=61367&minisite=10251
170
Leviton Acquires Home Automation, Inc. (HAI), Leviton, accessed April 10, 2014
http://www.leviton.com/OA_HTML/SectionDisplay.jsp?section=53614
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than first generation HA systems, and hence are significantly less costly. These systems are being
made even more affordable through monthly payment plans (i.e. recurring revenue models). In
addition to capital costs, there may also be monthly subscription fees from $20 to $60.171 Advanced
Home Automation systems bring comfort and efficiency to a household.

Super Energy Efficient Windows
Super energy efficient windows (see Exhibit 34) incorporate a number of energy-saving features,
including triple or quadruple glazing (i.e., three or four panes of glass per window), low-emissivity
(low-E) coatings, transparent insulating films, insulating spacers, argon fill and low conductivity
frames. These windows are certified based on their energy rating (ER), which is based on their
tested energy performance, rather than on their specific combination of features.
Super energy efficient windows are available from a relatively small number of windows suppliers
and contractors but, are generally available in most jurisdictions. Dynamic coatings, which alter the
transparency of windows and/or the amount of heat that is transmitted through them, are in the early
stages of development. Currently, there is also a limited commercially availability of products with
these features, but increased availability is expected in the medium to longer term as product pricing
and sales share increase.
The material cost of these types of windows is about $65/ft2.172 This represents a 15-20% cost
premium over standard performance or high performance (ENERGY STAR) windows. Cost
differences are expected to narrow over the coming years as super high-performance windows
become more common.
A home that replaced 50% of its standard, double-glazed windows with super energy efficient
windows would realize about 10% savings in HVAC energy consumption.173 Since HVAC accounts
for the largest portion of home energy consumption, this can have a large impact on overall energy
consumption. Higher performance windows also provide occupant co-benefits, such as reduced
interior noise, reduced air leakage, greater thermal comfort, and fewer condensation problems.
Future developments will allow windows to become even more energy efficient. For example,
window coatings composed of nanocrystals are being developed.174 These special coatings can
adjust the intensity of incoming light in various parts of the spectrum, allowing varying degrees of
visible light and infrared radiation (heat) to pass through the windows based on occupant
preferences and space conditioning requirements. This will minimize the need for heating, air
conditioning, and artificial lighting. Designers are also pushing the envelope with other approaches.
For example, prototype windows with aerogel spacers and 12 layers of glazings have been
constructed.175 These windows are capable of achieving R-values of R38, which is equivalent to 2-3
times the insulation in the walls of most existing homes. Other prototypes capable of achieving R113
have been demonstrated as well.
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Kamil Bojanczyk, “Home Energy Management Systems: Vendors, Technologies and Opportunities, 2013-2017,
GTM Research, August 29, 2013, accessed April 10, 2014 http://www.greentechmedia.com/research/report/homeenergy-management-systems-2013-2017
172
Based on personal communication with SAWDAC (Siding and Window Dealers Association of Canada).
173
Based on HOT2000 simulations of homes in various jurisdictions across Canada.
174
“Thin Nanocrystal Coating Makes Smart Windows Super Energy Efficient”, accessed on April 10, 2014,
http://www.greenoptimistic.com/2013/08/21/thin-nanocrstal-coating-smart-windows/
175
“Light 12-Glazed Windows on the Horizon”, accessed on April 15, 2014,
http://www.jetsongreen.com/2012/05/twelve-glazing-insulated-glass-passivhaus-superwindows.html
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Exhibit 34 Prototype Window with 12 Glazings and Aerogel Spacers, Capable of Achieving R38
Insulation

Residential Appliances
As noted in previous sections, residential appliances currently account for 25% of residential
electricity consumption for homes in Nova Scotia. There are several technologies that are being
developed in order to improve the efficiency of various appliances. A sample of these technologies
is discussed in the sections below.

Smart Appliances
Smart appliances (see Exhibit 35) have remote control functionality integrated directly into the
device. This category typically includes major appliances, such as refrigerators, freezers, and dryers
that will have in-built connectivity features, but smaller devices, like lamps and portable air
conditioning units with in-built connectivity are also likely to be produced by manufacturers if market
demand develops for these items.
Smart appliances are currently being offered on a limited basis in some trial jurisdictions, as
manufacturers assess how customers will use the new features and work to sort out any bugs. They
are expected to start arriving in the mass market over the course of the next few years. While many
companies are developing smart appliances in the hope that customers will want increasingly
connected products, the market for them has not yet been proven. In addition, the current marketing
focus is more on added convenience rather than on energy savings.

© 2014

55

icfi.ca

Emerging Electricity Technologies in Nova Scotia

Exhibit 35 Selection of Smart Appliances

176

Typical costs for smart appliances currently represent a $100-$200 premium over similar appliances
with no smart features. However, smart appliance features are typically only offered on premium
appliances at the moment.
These devices will offer customers control of their appliances from anywhere, and will automatically
shift flexible energy consuming cycles to off-peak periods. From an energy perspective, load shifting
and demand response are the primary benefits of smart appliances. These devices will be able to
temporarily enter energy saving modes, by reducing temperatures and delaying cycles.
However, the overall energy savings from enabling appliance connectivity and smart features will be
small compared to the energy savings from improvements in the efficiency of the equipment itself.

Inverter Compressor Driven Refrigerators
Inverter compressors used in refrigeration enable more flexible operation of the compressor, thereby
increasing appliance efficiency. Conventional compressors operate at a single speed and are either
on or off. Inverter compressors can run at a number of speeds, depending on the needs of the
refrigerator. Essentially, once the refrigerator has reached a stable internal temperature (e.g., during
the night when the fridge is not being opened), the inverter compressor automatically operates at a
lower speed to match the cooling requirements. Conversely, if the refrigerator door is left open, the
inverter compressor can operate at a high speed for maximum cooling.177
In addition to energy savings, refrigerators with inverter compressors operate more quietly, as they
gradually increase operation speed, unlike single speed compressors, which have a noticeable start-

176

Sources:
1) Drew Prindle, “Haier’s Futuristic New AC Unit is the First Home Appliance to be Apple-Certified”, Digital Trends,
January 14, 2014, accessed April 10, 2014 http://www.digitaltrends.com/home/haiers-futuristic-new-ac-unit-firsthome-appliance-apple-certified/#!DvBkQ
2) Katie Pilkington, “Control these large smart appliances with your iPhone”, CNET, September 10, 2013, accessed
April 10, 2014 http://www.cnet.com/news/control-these-large-smart-appliances-with-your-iphone/
177
John Balazs, Mike Marcario, Jennifer Archibald, Invertor Compressors: Improving the Efficiency of Refrigerators
and Freezers, accessed April 10, 2014 http://www.panasonic.com/industrial/includes/pdf/invertercompressorsimprovingefficiency.pdf
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up noise.178 Finally, conventional compressors result in temperature fluctuations within the fridge
and freezer, causing food to spoil faster. Inverter compressors, which maintain a constant
temperature, will improve food preservation as well.179 Inverter compressor refrigerators are
currently available in the market, but they are currently only available on premium quality
refrigerators.

Induction Cooktops
Induction cooktops use varying magnetic fields to induce electric currents and generate heat for
cooking within the pots used for cooking. As such, only pots composed of magnetic materials can
be used. Because the induction coil is able to heat the pot itself, rather than transmitting heat from a
flame or coil and also heating the air surrounding it, induction cooktops are able to heat food more
quickly and efficiently. Additional benefits include improved safety (since the surface of the cooktop
is relatively cool to the touch) and more even heat distribution.
Induction cooktops currently represent a very small share of sales; they are about $1,000 more
expensive and about 12% more energy efficient than standard electric resistance cooktops.180,181
Price premiums are expected to decline over the next few years as their sales share increases.

Heat Pump Clothes Dryers
Heat pump clothes dryers (see Exhibit 36) consist of a refrigerant vapor compressor, an evaporator,
a condenser, and an expansion device. The heat pump extracts ambient air and heats it up, then
passes it through the laundry drum to heat and dehumidify the laundry. The warm, moist air is then
extracted from the drum, passed through the evaporator, where moisture is removed. Subsequently,
the dry air continues through the condenser to heat up and is circulated back into the drum. Heat
pump dryers can be both vented and ventless.182
Heat pump clothes dryers are widely available in Europe, but they are only just emerging in North
America.183,184 Heat pump clothes dryers currently have a price premium of approximately $400 over
a standard dryer or $250 relative to an energy efficient dryer,185 but have a lower life cycle cost.186
As these dryers gain greater market share, they are expected to cost between $1,500 and $1,600.187
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John Balazs, Mike Marcario, Jennifer Archibald, Invertor Compressors: Improving the Efficiency of Refrigerators
and Freezers, accessed April 10, 2014 http://www.panasonic.com/industrial/includes/pdf/invertercompressorsimprovingefficiency.pdf
179
Matthew Zahnzinger, “Digital Inverter Compressors: Can’t We All Just Chill Out?”, Reviewed.com, September 2,
2012, accessed April 10, 2014 http://refrigerators.reviewed.com/features/digital-inverter-compressors-can-t-we-alljust-chill-out
180
Based on a scan of cooktops available from several retailers.
181
Induction cooking eff = 84%, electric smooth top eff = 74.2%, according to US DOE, "Techincal Support Document
for Residential Cooking Products", Table 1.7, available at:
http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/cookgtsd.pdf
182
Steve Meyers, et al., Do Heat Pump Clothes Dryers Make Sense for the US Market?, Lawrence Berkeley National
Laboratory, August 2010.
183
Keith Barry, “LG Dryers Feature Heat Pumps, NFC, and Trick Doors at CES, Reviewed.com, January 4, 2014,
accessed April 14, 2014 http://laundry.reviewed.com/news/lg-dryers-feature-heat-pumps-nfc-and-trick-doors-at-ces
184
Miele, Press Release, “Miele Introduces First Heat Pump Dryer to US Market”, November 2012, accessed April
14, 2014 http://www.miele-pro.com/media/prof/VG_US/Heat_Pump_Dryer_Draft_Press_release.pdf
185
st
Chris Badger, et al., Bringing North American Clothes Dryers into the 21 Century: A Case Study in Moving
Markets, 2012 ACEEE Summer Study on Energy Efficiency in Buildings.
186
Eric Bush, et al., Heat Pump Tumble Driers: New EU Energy Label and Ecodesign requirements in Europe, MEPS
in Switzerland, Initiatives in North America, accessed April 14, 2014.
http://www.topten.eu/uploads/File/EEDAL13_Eric_Bush_Heat_Pump_Driers.pdf
187
Ed Perratore, “LG’s new dryer saves energy and money: Uses a hybrid heat pump to recycle wasted heat”,
Consumer Reports, January 14, 2014, accessed April 14, 2014 http://www.consumerreports.org/cro/news/2014/01/lgs-new-dryer-saves-energy-and-money/index.htm
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Heat pump dryers have the potential to be up to 50% more efficient than conventional electric
dryers.188,189 Since dryers are one of the larger energy using household appliances, there is a large
opportunity for energy savings. Heat pump dryers can also eliminate the need for venting, making
them more flexible in terms of installation and help to reduce overall air leakage from the home.190
Exhibit 36 Example of a Heat Pump Clothes Dryer

191

Residential Water Heating
Residential water heating accounts for a significant share of residential energy consumption in Nova
Scotia homes. Although technologies such as low-flow showerheads and faucet aerators have had
a positive impact on reducing water use in homes (and consequently reducing electric consumption
for water heating), the technology for electric resistance water heating has experienced only
marginal improvements over the last several decades. Heat pump water heaters are explored below
as an example of a technology with large savings potential for residential water heating.

Heat Pump Water Heaters
Heat pump water heaters (HPWHs) (see Exhibit 37) are typically hybrid devices that use resistance
heating when hot water demands exceed the capacity of the heat pump, and otherwise run in heat
pump mode. The heat pump uses a vapour compression heat pump cycle. It draws warm air in,
either from its surroundings or from outdoors, and transfers the heat from the air to the water through
a condenser coil, while the heat pump pushes cool air out.192
188

Steve Meyers, et al., Do Heat Pump Clothes Dryers Make Sense for the US Market?, Lawrence Berkeley National
Laboratory, August 2010.
189
LG Appliances, Tumble Dryers, accessed April 14, 2014 http://www.lg.com/uk/tumble-dryers/lg-RC9042AQ3Z
190
BC Hydro, News, “Super-efficient clothes dryers: two reasons builders will love them”, March 14, 2014
http://www.bchydro.com/news/conservation/2014/super-efficient-clothes-dryers.html
191
Samsung, Products http://www.samsung.com/uk/consumer/home-appliances/laundry/tumbledryers/DV80F5E5HGW/EU
192
Steven Winter Associates, Inc., Heat Pump Water Heaters: Evaluation of Field Installed Performance, June 26,
2012.
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Exhibit 37 Sample Heat Pump Water Heaters

193

HPWHs are available in North America, with a number of ENERGY STAR certified heat pumpelectric water heaters currently available. However, they are not very common in Canada due to our
colder winter temperatures and since water heaters are typically installed in the conditioned space
within Canadian homes. HPWHs cost more than conventional water heaters but have a lower
operating cost.194 Installed costs range from about $1,900 to $3,500, depending on the size of the
tank (50 gallons to 80 gallons, respectively).195
Heat pump water heaters are more efficient than electric resistance water heaters; however,
performance does depend on the ambient temperature of the surrounding air, the size of the room
(performance decreases in a small room), and the amount of time that the electric resistance
element is used. A heat pump water heater also dehumidifies and cools its surroundings, which can
be beneficial in the basement in the warmer months.196 In installations in which outdoor air is used
as the heat sink (i.e. in order to draw heat), heat pump water heaters operate most efficiently
between about 4ºC and 32ºC.197 As such, HPWHs are fairly well suited to Nova Scotia’s relatively
mild weather. Average energy savings of about 50% would be realized with most HPWH
installations.
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Martin Holladay, “Heat-pump Water Heaters Come of Age”, GreenBuildingAdvisor.com, April 13, 2012, accessed
April 14, 2014 http://www.greenbuildingadvisor.com/blogs/dept/musings/heat-pump-water-heaters-come-age
194
Energy.gov, Heat Pump Water Heaters, accessed April 14, 2014 http://energy.gov/energysaver/articles/heatpump-water-heaters
195
Steven Winter Associates, Inc., Heat Pump Water Heaters: Evaluation of Field Installed Performance, June 26,
2012.
196
Martin Holladay, “Heat-pump Water Heaters Come of Age”, GreenBuildingAdvisor.com, April 13, 2012, accessed
April 14, 2014 http://www.greenbuildingadvisor.com/blogs/dept/musings/heat-pump-water-heaters-come-age
197
Energy.gov, Heat Pump Water Heaters, accessed April 14, 2014 http://energy.gov/energysaver/articles/heatpump-water-heaters
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3.3.2 Commercial Sector
In addition to HVAC, which we discussed in the residential sector, lighting and refrigeration represent
particularly significant electric loads in the commercial sector. This section presents a profile of the
following technologies:


Commercial Lighting
 Daylighting
 LED Replacements for Fluorescent Fixtures
 LED High-Bay Lighting
Refrigeration
 Advanced Refrigeration Controls and Free Cooling
 Carbon Dioxide (CO2) Refrigerant Systems
 Magnetic Refrigeration



Commercial Lighting
Light-emitting diodes (LEDs) are really just coming into their own. They are energy efficient and
have a long life, but to date the quality of the light has been a major deterrent to adoption. This is
changing as new companies and new designs that focus on light quality are coming onto the market.
In addition to light quality, there are numerous innovations with LEDs on the horizon. For example,
in the commercial sector, LEDs can be integrated into ceiling tiles and the light level and colour can
be adjusted, both of which can have an impact on human behaviour and productivity. Colourchanging LEDs are being used and explored further in the health sector to speed up the healing
process and provide calming environments.198 Use of LEDs in a greenhouse environment for food
production is also being explored, with early indications that LEDs improve growing efficiencies and
lower lighting costs.199
Lighting is a large electricity end use in the commercial sector, often representing 20-30% in a
typical commercial building; typically 60-75% of this lighting load uses linear fluorescent lamps.200 In
addition to linear fluorescent fixtures, another large end user is high bay lighting. The technologies
presented below represent nearer term lighting options (e.g., interim options that utilize existing
lighting infrastructure) for linear fluorescent and high bay lighting systems. A description of
daylighting is provided as well, since this technology also offers significant additional potential
savings.

Daylighting
Daylighting (see Exhibit 38) involves the controlled admission of sunlight into buildings through sidelighting (windows), top-lighting (traditional skylights), and optical tubular daylighting devices, as well
as use of additional devices, such as daylight redirection systems (e.g., light shelves), solar shading,
and automatic lighting controls (e.g., daylight level controls). All forms of daylighting result in energy
savings from reduced use of electrical lighting. Daylighting installations also make use of photo
sensors to detect when adequate lighting is being provided by the daylighting system and to
determine the amount of artificial lighting that is required.
Side-lighting and top-lighting are prone to shifting light patterns and affect thermal performance of
the building. Side-lighting is orientation dependent, whereas top-lighting and optical tubular
daylighting devices are independent of building orientation. Top-lighting is limited to the top floor but
198

Brian Newman, “Canvas” of LED light helps children heal at Birmingham Hospital, G4 Report, February 19, 2013,
accessed April 15, 2014 http://g4.leapfroglighting.com/canvas-of-led-light-helps-children-heal-at-birmingham-hospital/
199
G4 Report, Innovations, accessed April 15, 2014 http://g4.leapfroglighting.com/category/innovations/
200
U.S. Department of Energy, Energy Efficiency and Renewable Energy, Building Technologies Office, Solid-state
Lighting Technology Fact Sheet, PNNL-23097, January 2014.
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helps light get further into the building than traditional side-lighting. Optical tubular daylighting
devices can daylight any space (i.e. not limited to the top floor) and provide for better thermal
performance.201
Exhibit 38 Examples of Daylighting

202

Although the technology for the implementation of daylighting, such as optical tubular daylighting
devices, is readily available on the market, the market penetration of daylighting is quite low. This is
due to the fact that successful daylighting requires an integrated design approach and is therefore
best applied to new construction or major renovations.
Given the wide range of technologies and design available for daylighting applications, the costs will
vary greatly. However, daylighting provides a higher quality of light compared to artificial lighting,
saves energy during daylight hours, and also improves the productivity and health of the building
occupants.203,204 Daylighting can result in as much as a one-third (33%) reduction in total building
lighting energy costs.205

LED Replacements for Fluorescent Fixtures
Four foot linear fluorescent lamps (T8s and T5s) are very common in low bay (i.e. less than 16 ft)
commercial and institutional lighting applications. The majority are housed in recessed troffer

201

Neall Digert, “The Role of Daylight in Achieving Ultra-Low-Energy Buildings” (presented at The Second U.S.-China
Energy Efficiency Forum, May 6, 2011).
202
Sources:
1) Daylighting Guide for Canadian Commercial Buildings, Public Works and Government Services Canada, August
2002.
2) Tubular daylighting devices an alternative to skylights, National Research Council Canada, accessed April 9, 2014
http://www.nrc-cnrc.gc.ca/ci-ic/article/v16n1-10
203
Daylighting Basics, Office of Energy Efficiency & Renewable Energy, accessed April 9, 2014
http://energy.gov/eere/energybasics/articles/daylighting-basics
204
Daylighting Guide for Canadian Commercial Buildings, Public Works and Government Services Canada, August
2002.
205
Gregg D. Ander, updated by U.S. DOE, “Daylighting”, Whole Building Design Guide: A Program of the National
Institute of Building Sciences, August 2012.
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fixtures.206 There are several ways in which fluorescent systems can be upgraded to an LED
system, including LED replacement lamps (see Exhibit 39), LED retrofit kits, and full fixture
replacement. Drop-in LED T8 replacement lamps comprise numerous light-emitting diodes (LEDs),
behind a clear or frosted lens, housed in a bi-pin T8 lamp package. LED retrofit kits are used in
cases where the existing housing can be re-used. Full fixture replacement is done with fixtures
designed specifically for LED lamps.
Exhibit 39 LED Replacement Lamps

207

LED replacement lamps are fairly new to the market, as are LED retrofit kits and fixtures designed
for LED light sources. Performance characteristics, such as lumen output, efficacy (lumens per
Watt), colour accuracy (CRI), and light colour (CCT) vary widely for these products.208 Recent
testing has shown that LED T8 replacement product performance is becoming competitive with the
light quality of linear fluorescent lighting.209 However, these products have yet to gain a significant
market share.
In terms of equipment purchase costs, LED replacement lamps are the lowest cost option. Full
fixtures designed for LED light sources are the highest cost option and LED retrofit kits fall into the
middle in terms of equipment cost. The average price for a four foot 20 W LED T8 replacement
lamp is $79 compared with a 32 W high performance T8 fluorescent lamp at about $2. The average
price for a 45 W 2x2 LED recessed troffer (full fixture) is $440 compared to about $65 for a 2x2
fixture with T8 lamps.210 With respect to installation costs, drop-in replacement lamps are the lowest
cost. Installation costs for LED retrofit kits may exceed those of full fixture replacements, depending
on the extent of the modifications required.211
With respect to energy savings (for equal luminaire output), new LED fixtures provide the most
savings, followed by LED retrofit kits, and finally LED replacement lamps. According to a US DOE
study conducted in 2011, the total life-cycle costs (taking into account lifetime) of three tested LED
products were greater than the fluorescent T8 baseline life-cycle cost and simple payback was never

206

Solid-state Lighting Technology Fact Sheet, U.S. Department of Energy, Energy Efficiency & Renewable Energy,
Building Technologies Office, PNNL – 23097, January 2014.
207
Solid-state Lighting Technology Fact Sheet, U.S. Department of Energy, Energy Efficiency & Renewable Energy,
Building Technologies Office, PNNL – 23097, January 2014.
208
LED Lighting Facts Products, LED Lighting Facts: A Program of the U.S. DOE, accessed April 9, 2014,
http://www.lightingfacts.com/Products
209
EE Richman, BR Kinzey and NJ Miller, Laboratory Evaluation of LED T8 Replacement Lamp Products, prepared
for the U.S. Department of Energy, May 2011.
210
ICF Marbek, Solid State Lighting/Light Emitting Diode Market Transformation Strategy 2011-2020, prepared for
Natural Resources Canada, March 2012.
211
Solid-state Lighting Technology Fact Sheet, U.S. Department of Energy, Energy Efficiency & Renewable Energy,
Building Technologies Office, PNNL – 23097, January 2014.
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reached.212 However, this gap is closing as LED technology improves and becomes more
competitive.
The energy savings depend on a variety of factors, including whether or not light level reductions are
acceptable. As noted in the aforementioned US DOE study, a significant amount of the energy
savings resulting from the use of LEDs (compared to fluorescents) results from lower illuminance
rather than better performance. However, when normalizing to light levels equal to a standard T8
system, potential energy savings from LED replacements range from 3 to 24%.

LED High-Bay Lighting
High-bay lighting (see Exhibit 40) (i.e. greater than 25 ft) in commercial buildings, such as
warehouses, arenas, retail facilities, typically uses 400 W metal halide (MH) fixtures, high output T5
(T5HO) fixtures, or T8 fixtures, all of which can be replaced by LED high-bay technologies. LED
high-bay fixtures are a good option for replacement of MH fixtures due to the short lifespan of MH
lamps and the superior efficiency of LED replacements. However, high-bay T5HO and T8 lamps
have a comparable lifespan (40,000 hours) to LED high-bay fixtures (35,000-50,000 hours) and
savings are much more marginal.
High-bay LED lighting is currently available on the market. The average installed cost of high-bay
LED lighting is approximately $900. This is compared to about $125 for 400 W MH fixtures, $120 for
4-lamp T5HO fixtures and $130 for 6-lamp T8 fixtures.213
According to a recent study, a 215 W LED replacement fixture resulted in a 50% energy use
reduction compared to a 400 W MH baseline, due to the reduced wattage per fixture.214 With the
addition of combined daylighting and fine granularity occupancy sensors, the energy savings
increased to 93%, due to the reduced load. This same study indicates a simple payback of about 7
years for the LED replacement fixture and less than 4 years when combined with an aggressive
control strategy. In addition, payback time decreases when considering typical lifetimes of LED
high-bay and MH lamps (15,000 hours), as well as typical maintenance requirements. A similar
study found energy savings of 47% through replacing 250 W MH fixtures with 160 W dimmable LED
fixtures, with additional savings of 25% when combined with a task tuning and motion sensors.215

212

EE Richman, BR Kinzey and NJ Miller, Laboratory Evaluation of LED T8 Replacement Lamp Products, prepared
for the U.S. Department of Energy, May 2011.
213
ICF Marbek, Solid State Lighting/Light Emitting Diode Market Transformation Strategy 2011-2020, prepared for
Natural Resources Canada, March 2012.
214
Michael Mutmansky and Stephanie Berkland, Heschong Mahone Group, Ace Hardware LED High-bay Lighting
and Controls Project, prepared for Pacific Gas and Electric Company, September 2013.
215
Nexant, Blue Diamond Growers Lighting Controls Project (Phase 2), prepared for Sacramento Municipal Utility
District, July 2013.
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Exhibit 40 Sample Installation of LED High-Bay Lighting

216

Commercial Refrigeration
Commercial buildings with significant amounts of refrigeration are among the most energy intensive
buildings in the sector.
This includes grocery stores, arenas, warehouses, food service
establishments, and convenience stores. There are several proven approaches to reducing the
energy consumption associated with refrigeration and two examples are presented and discussed
below. In addition, a promising new technology is discussed.

Advanced Refrigeration Controls and Free Cooling
Automated control systems are available to maximize the efficiency of refrigeration systems in many
types of buildings. These advanced controls incorporate items such as anti-sweat heater controls,
evaporator fan controls, and free cooling. Anti-sweat heater controls minimize the runtime of electric
resistance heaters that are located on the glass doors of refrigerated display case units and are
used to reduce condensation on the doors when they’re opened. Evaporator fan controls reduce the
runtime of evaporator fans within walk-in coolers, which typically run 24/7. Free cooling systems
take advantage of cooler outdoor air in the winter months in order to minimize the runtime of
refrigerator compressors.
These individual control systems have been available for several years, but they have only been
integrated into comprehensive control systems recently by companies such as Freeaire
Refrigeration. There is a wide range of system costs, depending on the size of the refrigeration
systems and the control options that are installed.
A recent project that was implemented in the walk-in cooler of a convenience store in southeastern
Canada demonstrated a 65% reduction in evaporator fan runtime, a 96% reduction in the runtime of
anti-sweat door heaters, and significant savings due to the installation of a free cooling system.217
The simple payback for this system is expected to be in the 5 year range. As advanced refrigeration
controls become more common, their costs are expected to drop and this will have a positive impact
on their associated payback.

216

Michael Mutmansky and Stephanie Berkland, Heschong Mahone Group, Ace Hardware LED High-bay Lighting
and Controls Project, prepared for Pacific Gas and Electric Company, September 2013.
217
Data obtained from Freeaire Refrigeration.
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Carbon Dioxide (CO2) Refrigerant Systems
Carbon dioxide (CO2) can be used as a refrigerant in place of fluorocarbons. Although refrigeration
systems that employ CO2 refrigerant must operate at a higher pressure and this presents some
design challenges, there are several potential benefits to CO2 refrigeration systems. In addition to
reductions in refrigeration energy consumption, there are fewer refrigerant gas leaks with CO2
refrigeration systems, reducing operating costs for retailers. CO2 is also less detrimental to the
environment when leaks do occur.
Early results from installations of CO2 refrigeration systems are very promising, showing that energy
use can be reduced by 15%. In addition, installation costs for these systems are 10% lower than
traditional systems, building heating costs can be reduced by up to 75%, and maintenance bills are
as much as 50% lower.218
There are at least 74 installations of CO2 refrigeration systems in Canada, with over 70% of them
located in Quebec219 which indicates that the systems can be a cost-effective option. In addition, the
market for these refrigeration systems is completely untapped in Nova Scotia. CO2 refrigeration
systems can be implemented in most commercial buildings, including grocery stores and arenas.

Magnetic Refrigeration
Rather than the traditional vapour-compression cycle and the associated compressors used in the
overwhelming majority of our refrigeration systems, magnetic refrigeration systems use powerful
magnets to provide cooling based on the magnetocaloric effect. In essence, the addition and
removal of a magnetic field to certain magnetic materials can cause their temperatures to rise and
drop. Since this effect is largely reversible, magnetic refrigeration systems have the potential to be
more efficient than traditional refrigeration systems. In addition to reduced energy consumption,
magnetic refrigeration systems offer potential advantages such as reduced cost and size and
improved reliability.220
Although research has been occurring on magnetic refrigeration systems for over 30 years, there are
currently no magnetic refrigerators on the market. However, there has been a recent push to
commercialize products. For example, GE recently announced its research focus on magnetic
refrigeration and claims that the technology is 20% more efficient than typical refrigerators.221 GE is
aiming to bring products to the market by 2020.

In Summary
There are several emerging EE technologies that can be counted on to realize Nova Scotia’s energy
and demand savings targets. These technologies are in various stages of market readiness and
acceptance. As such, EE technologies can be counted on both now and into the foreseeable
future. The potential savings from some technologies are significant, especially if they target one of
the main energy end uses. Cost-effectiveness and available financing are the primary barriers to
near-term adoption of these various technologies. In the residential sector, homeowners also
consider whether they will recoup investments when they sell their homes and may be unwilling to

218

Natural refrigeration goes for a tipping point, September 6, 2013, accessed on April 15, 2014,
http://www.canadiangrocer.com/uncategorized/at-supermarkets-natural-refrigeration-reaches-toward-a-tipping-point31534
219
Shecco, Guide 2013: Natural Refrigerants - Market Growth for North America, March 19, 2013,
http://publications.shecco.com/publications/view/6#view
220
Dikeos, J., Development and Validation of an Active Magnetic Regenerator Refrigeration Cycle Simulation,
Master’s Thesis, April 2006, available at:
http://www.iesvic.uvic.ca/pdfs/Dissertation-Dikeos.pdf
221
GE to take next leap in magnetocaloric refrigeration, March 14, 2014, accessed on April 15, 2014,
http://phys.org/news/2014-03-ge-magnetocaloric-refrigeration-video.html
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make investments if they’re planning on moving in the next five years. Landlord-tenant barriers are
also difficult to overcome in both the residential and commercial sectors.

3.4

Demand Response (DR) Technologies for Nova Scotia

Demand response, or electric peak load management measures are typically implemented by
utilities to avoid or defer the costs of capacity expansion. Capacity costs here refer to all levels of
capital-based investments, including generating stations (new and upgraded), transmission and
distribution lines, along with substations, transformers and other infrastructure required to deliver
power, primarily related to peak capacity driven requirements. Nova Scotia experiences its system
peak during the winter period; consequently, DR measures that address major winter loads are of
particular benefit to the utility.
From the customer’s perspective, adoption of electric peak reduction strategies is typically
dependent on the overall benefits to them, including direct incentive payments or rate benefits.
Under most current rates, residential (and small commercial) customers are billed only for electric
energy (kWh) consumption regardless of when it is actually used, and not for demand on a time-ofuse (TOU) basis. Consequently, electric peak load measures that do not also reduce overall energy
consumption do not provide any financial benefits to customers. However, the industry trend is
towards more specific pricing, including TOU and even hourly pricing, or peak incentives that pass
along some of the utility benefits to customers on a performance basis. These new pricing structures
provide incentive for residential customers to implement measures or to participate in utility peak
load reduction programs, as long as the differential between peak and off-peak prices are sufficient
to provide a noticeable bill saving. To date, these options have been limited by the availability and
cost of suitable metering technology, both intra and remote house/facility data communications, and
by energy measurement storage options that would enable remote and/or automated measurement
and control of devices in the home.
As is further discussed in the next chapter, Nova Scotia Power has implemented a pilot load control
project within the province through the PowerShift Atlantic program222. To date, the program has
piloted three direct load control technologies: Residential electric water heaters; Residential electric
thermal storage (ETS) central furnace; and, commercial HVAC and refrigeration units.
Below, we provide a brief description of selected demand response options within the residential and
commercial sectors. This discussion is primarily presented from the end user’s perspective, and
from a demand reduction perspective; further discussion is provided in the following chapter from the
utility system optimization and load integration perspective.

3.4.1 Residential Sector
While there is a wide variety of technologies and approaches available, for purposes of illustration
we have selected the following two options to discuss in this report:



Electric thermal energy storage for supplemental heating
Direct switch-based control of water heating

222

The program is funded through Natural Resources Canada (NRCAN) and is a collaborative research initiative led
by NB Power, in partnership with Saint John Energy, Maritime Electric, Nova Scotia Power, New Brunswick System
Operator, the University of New Brunswick, the Government of New Brunswick and the Government of Prince
Edward Island
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Electric Thermal Storage (ETS)
Electric thermal storage (ETS) is a technology that has been widely used in Europe and selectively
used in North America for more than 40 years. The basic premise of the systems is to convert
electricity into heat and store it in specially designed high-density ceramic bricks, capable of holding
heat up to 1,650°C. Combined with a utility off-peak rate, operation in charging mode during lowcost off-peak hours can provide heat all day, if properly sized, by thermostat-controlled release of
heat from the bricks through either forced air or hydronic systems. Units come in various sizes, from
whole-house units to individual room units. Control systems to ensure proper heat distribution are
typically included and systems can be retrofitted or installed in new construction applications. The
principal manufacturer in North America is Steffes Corp., and marketing is principally accomplished
through electric co-ops, as well as many northern U.S. and Canadian utilities, including Nova Scotia
Power and Hydro-Quebec, where a sufficient differential between peak and off-peak prices during
winter months makes it economical for residents.
With the various size units available, ETS can be installed in any size dwelling, either as a wholehouse system or in selected (or all) rooms. It can therefore replace central furnace hot air or
boiler/hydronic systems, or even baseboard systems. Often, a separate meter is used to measure
just the central heating systems to best take advantage any off-peak rates. Systems must be sized
based on the time-of-use rate, with charging periods designed to virtually eliminate any operation
during peak periods.
Initial costs for ETS systems are significantly higher than standard heating systems. For example,
installed costs of units for large rooms (e.g. units sized to heat a kitchen and living room) range from
$3,500 to $4,000, while the cost of whole-house systems range from $11,000 to $13,000.223 For the
economics to work for the customer, the rate differential must be significant, at least two or three to
one for peak to off-peak. Initial costs are roughly proportional to the unit sizing, with an ETS system
requiring two to three times the size of a standard system, and somewhat higher installation and
maintenance costs. Additional control equipment and wiring upgrades are sometimes necessary, as
well as placement in the home (requires sufficient support for additional weight), making the
specification of a system critical in terms of applicability. In general, larger homes work best.
Electric peak load reduction would be theoretically 100% of the peak heating requirements of a
standard electric space heater.224 However, off-peak loads would be over twice the levels so it
would be critical to size the systems properly for the expected charging period.
This technology has a long history in Europe and the bricks are virtually indestructible. As such, the
useful life is considered the same as comparable central or room heating systems (15-18 years).
Electronic control systems are required, which involve some maintenance.
The prerequisite for an off-peak rate with significant differential is a major consideration, which would
require additional metering and infrastructure (priced at $150 per site). Numerous logistical and
wiring issues would also need to be addressed, which would require significantly more effort in preinspection and which would only be feasible for the utility’s assistance if the program was large
enough to warrant maintaining the staff expertise required. Space requirements and the need for
sufficient weight-bearing floors for installation of the units (which are much heavier than standard
heating equipment) would be potential constraining factors to feasible installations.

223

Personal communication with Carleton Refrigeration Heating and AC Ltd., May 21, 2014
2
A typical 1,500 ft home that is heated with baseboard heaters has about 15 kW of combined heating capacity
from its baseboard heaters. Assuming that no more than half of the baseboard heaters are generally operating at the
same time, the typical peak heating requirement is about 7.5 kW.
224
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Direct Control Water Heating
This technology for the direct control of hot water heaters has a long history, going back at least 30
years on various types of equipment, including central air conditioners, water heaters and pool
pumps. Direct switch-based water heating load control is accomplished by the installation of a
remote control switch on either the water heater itself or on the circuits controlling the water heater.
In older systems, this type of control has been accomplished via radio frequency (RF) control, which
allows remote shut off of the water heater under specific capacity-constrained conditions during a
limited number of pre-specified hours during winter peak months. In the systems that are currently
offered, pager-based communications are used. A more economic solution is to piggyback off of an
already existing communications system. For example, if space heat control already exists, water
heat control can be added via a hard-wired or wireless connection. This can significantly reduce the
total cost of the water heat control.
Depending upon the length of the control, when the control is operated, and the size of the water
heater tank, units can be shut off for the entire control period or cycled to limit their on time to a
predetermined number of minutes per control cycle. Water heat control is commercially available
and implemented in hundreds of thousands of sites in the US, thus demonstrating the viability of the
technology, success of the programs, customer acceptance and utility satisfaction.
Applicable dwelling types are any dwelling units with a water heater that has at least a 40-gallon
tank. The size of the tank is important because it provides hot water during times when the control is
in effect. The larger the water heater tank, the longer the control can be in place without disrupting
the customer’s comfort and living conditions.
Switches cost about $100 per unit, plus $100 for installation, plus maintenance. Costs are reduced
to $125 (i.e., $25 incremental installation) if the control switch can be added to an existing control
system at the same time, including any remote system, which may include thermostat control,
engine block heater control, lighting or other. There is no savings in installation costs for a new
home.
Calculations of demand savings potential in Nova Scotia homes would require load specific data that
were not available at the time of this writing.225 However, previous estimates applied in other
comparable Canadian jurisdictions concluded that electric peak period load savings of 0.25 kW to
0.28 kW were possible, assuming 100% load control for a winter evening peak period. Since loads
for hot water heaters do not vary significantly across most of Canada, this is a reasonable estimate
of the impact for Nova Scotia as well.
Since there are no customer benefits inherent in the technology, a cash incentive would typically be
expected for each season that the measure was needed, payable either by season or by event (or
both).

3.4.2 Commercial Sector
While there is a wide variety of technologies and approaches available in commercial demand
response applications, we have selected direct control of commercial lighting loads and interruptible
loads, such as HVAC and refrigeration loads, for the purposes of illustration. Additional details on
these demand response approaches are provided below and in the following chapter.

225

Estimates of typical electric demand and consumption for water heating in Nova Scotia homes were not readily
available. However, occupancy has the largest impact on water heating loads.
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Direct Control of Commercial Lighting Loads
Lighting represents about 20-30% of electricity use in most commercial buildings. In virtually every
building and facility, there are expected to be a number of non-essential lighting loads that could be
controlled for limited periods, such as during system peak critical hours.
Switch-based lighting load control is accomplished by the installation of a remote control switch on
non-essential lighting circuits, wall switches and plug-in lamps or decorative lighting. Existing
automation systems currently utilize plug-in modules with communication via power line carrier or
short-run radio signals. These systems can also interface with computing devices (e.g., laptops and
smartphones) and through telephone interfaces so that remote control can be accomplished as well.
In terms of technical capability, the improvements to these existing systems that will facilitate their
use in utility electric peak load control would require some reduced cost and more standardized and
reliable remote interfaces.
Typical commercial energy management systems (EMS) have some capability for remote
programming for on-demand control use, but this capability may need to be enhanced. Most likely,
this would be achieved as part of an add-on wireless communications control switch linked to the
outside through a remote load control system already in place to maximize or even enable cost
effectiveness. What is required is a gateway via broadband (e.g., broadband over power lines) or
through the meter that would accept outside signals (such as from the utility) and convert them to
short-run wireless (or wired) signals that would trigger switches placed on selected lights and/or
other loads.
This measure is applicable to all building and business types, but would be most applicable to
Offices, Non-food Retail, Hotel/Motel, Education and Warehouses, and especially where occupancy
varies and occupancy sensors are not viable.
Gateway systems are estimated at $100 - $300 per site installed, although they would be expected
to serve multiple purposes. For example, a programmable communicating thermostat or electric
meter already installed in a commercial building for other applications could include a relay board
that would relay signals from a remote host over broadband, building wiring or via wi-fi to individual
devices in commercial spaces from one or more distinct customers within a single building. Switches
are assumed to cost about $10 per unit, which could control multiple lights and plug loads, and $100
installation.
Actual kW savings are dependent on the size of controllable load and their coincidence with specific
peak periods. However, recent estimates prepared for another Canadian jurisdiction estimated
savings of 1.5 to 2.0 kW for an office suite of approximately 5,000 ft2.

Direct Control of Commercial Interruptible Loads
Switch-based load controls on interruptible equipment is accomplished by the installation of remote
control switches on selected equipment that is redundant (e.g., multiple elevator banks) or
considered temporarily non-essential (e.g., refrigeration and lighting on beverage cases where
spoilage is not an issue, HVAC systems and pumps in large facilities). In older systems, this type of
control has been accomplished via radio frequency (RF) or power line carrier (“PLC” – through
building wiring) control, which allows remote shut off of circuits under specific capacity-constrained
conditions during a limited number of pre-specified hours during winter peak months. In newer
systems and those projected for the future, other communications systems are expected, including
wireless and wi-fi. An even more economic solution is to “piggyback” on an existing communications
system or EMS.
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Most controlled loads anticipated under this measure would be capable of 100% shutdown for the
several hours of critical peak periods. Units could also be cycled to limit their on-time to a
predetermined number of minutes per control cycle, but this may not be feasible for control of large
circuits. In elevators, linking into local lock-out circuitry may be feasible, which would eliminate the
need (and cost) of installing switches on circuits. For HVAC systems and pumps, existing EMS or
demand-control systems could be accessed.
This measure is applicable to commercial buildings with loads that can be shut down for several
hours without adverse effects on business operations or customer service. For example, elevators in
multiple elevator buildings, refrigeration in empty cases or lighting in selected refrigeration cases,
and HVAC fans and pumps could all be controlled. This would have some limits since system peak
periods generally correspond to times when they may be in active use for some facility types (e.g.,
elevators in offices, refrigerator cases for grocery stores or restaurants). Another example is
beverage cases for soft drinks in grocery stores or supermarkets that would be minimally affected by
being shut off for several hours.
Actual kW savings are dependent on the size of controllable load and their coincidence with specific
peak periods.

In Summary
There are several viable options for DR technologies. These technologies can have a significant
impact on peak demand but they tend to increase overall energy consumption in some cases. The
success of DR technologies is contingent on a significant price difference for electricity purchased
during different times of the day. This is especially true in residential applications, where customers
are typically not billed based on their peak demand. Space and water heating loads are prime
candidates for DR but lighting loads can be controlled as well.

3.5

Summary and Conclusions

This chapter has emphasized that a continued stream of new EE technologies and approaches is
necessary to ensure that energy efficiency and demand-side management (DSM) measures can
continue contribute to both the near and longer term electricity needs of Nova Scotia and other North
American jurisdictions.
This review has illustrated that:


There is a well-developed infrastructure in North America, consisting of government, universities
and research agencies, utilities and industry that is striving to meet the DSM need/opportunity for
new technologies.



There is a long list of emerging technologies at the early stage of market entry, and many show
significant promise to meet future electricity end use needs using less, and in some cases, much
less electricity than at present.



There are also many proven technologies with low market penetration rates that could have a
large impact on reducing energy consumption in residential and commercial buildings.
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4 System Optimization
4.1

Introduction

Nova Scotia faces challenges as outlined in the Generation chapter of this report as the province
transitions from fossil fuel supplies to a greater integration and reliance upon renewable energy
sources (RES). Variable or intermittent forms of RES – wind, solar, tidal, and run-of-the-river hydro
– have unique characteristics making their implementation, relative to coal or natural gas generators,
much more complex. Increased use of RES will increase the need to manage and shift peak
demand and to focus on distribution grid stability as the generation sources shift from central station
fossil plants to a hybrid of centralized and distributed generation resources which are both fossil and
renewable.
There are multiple RES types and locations for integration, and consequently, there are many ways
to integrate RES into electric transmission and distribution (T&D) operations. Ideally, as new RES
are made available, this energy is provided to consumers in a transparent manner, resulting in
greater usage of RES and a decreased usage of fossil fuels. It is undesirable to “dump” wind energy
or to allow the free-spinning of hydro turbines due to insufficient load, yet this is sometimes required
to maintain system stability in the absence of adequate integration resources. As an example, wind
production often increases in the evening and night time hours when demand is decreasing,
resulting in an over-supply situation. When this occurs, the blades are “feathered” so that their
output is curtailed. This is less than optimal operation but is required in order to maintain stability of
the T&D systems – supply and demand must be balanced at all times, and in the absence of a more
intelligent grid capable of managing fluctuations in RES output.
To move towards intelligent operation of T&D in the presence of RES, it is useful to understand
legacy operations and to conceptualize how RES can change legacy operations in a positive
manner. Base load supply, which is predominantly met with fossil fuel (coal) resources and provided
throughout the night, can be directly offset through the intelligent design and integration of RES.
When RES availability is combined with the capability to notify loads, the potential for absorbing
deferred load with RES and reducing base load fossil fuel supplies can be significant. Further, as
load is signaled and aggregated through intelligent control, the ability to ensure that load levels are
matched with RES production availability on a continuing basis will provide confidence that fossil fuel
base load supply can be reduced over the long haul.226 This ability to control and aggregate loads,
and combine anticipated load with predicted RES capacity leads to a highly optimized and efficient
T&D grid system.
Current targets for Nova Scotia specify that 25% of energy supply will be from RES by 2015 and that
40% RES penetration will be attained by 2020. At these levels of RES it is almost assured that there
will be periods where RES production exceeds available demand, even if load is aggregated and
dispatchable as previously described. As a result, the system operator will be faced with a key
decision –to reduce RES production capacity to maintain the balance of energy or call upon storage
resources and individual loads to use the available resources, or potentially a mixture of both
solutions.
Electrical storage technologies can augment RES production, as well. Storage can be replenished
from RES and meet the needs of localized demand at any time of the day or night. This solution will
maximize utilization of RES production and assist in meeting local demand when RES production is
226

It is important to note that base load, when met using coal or equivalent, has a 4-8 hour ramp rate to meet
temperature set points necessary for stable production. Realistically, the only way that base load can be reduced
over the longer haul is to repeatedly demonstrate that RES production and reliability meet evening and nighttime load
demand levels.
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in deficit, or alternatively, absorbing a surplus of RES production for later utilization. However,
economic and operational barriers impede the widespread deployment of energy storage including
issues such as:




Storage technologies are relatively expensive, and a combined RES-storage solution will
significantly increase the total cost of RES above the costs of using fossil fuels to produce the
same level of energy, and
Dispatch of storage technologies requires a significant investment into a master energy
management system (EMS227) architecture, as well as localized and smaller distributed energy
resource management systems (DERMS) that are at the individual RES/storage site or micro
grid level. In general, development of an EMS system is a critical step towards integration of
diverse RES, storage systems, consumer loads, and advanced signaling to achieve a fully
optimized T&D system.

Despite these potential operational barriers, there is movement towards large-scale
commercialization of storage in Nova Scotia in part because improvements in technologies are
driving costs down. Pumped storage or compressed air storage systems, such as those that have
been proposed at Wreck Cove and being pursued by LightSail near Liverpool, Nova Scotia, offer the
ability to provide large-scale energy when needed. These systems, depending upon the magnitude
of their capacity, could have significant capability to manage peak demand and integrate RES in
Nova Scotia. In this latter case, these systems would be charged via RES when it was available,
and then dispatched as system demand increases, resulting in a more stable load profile for
response by base load resources.
In addition to RES, demand-side management (DSM) programs which include energy efficiency (EE)
and demand response (DR) programs can serve a significant role in reducing Nova Scotia’s
dependence on fossil fuels. As discussed in the previous chapter, Efficiency Nova Scotia
Corporation (ENSC) is responsible for implementing EE, DR or DSM programs in the province. EE
programs can be relatively inexpensive to administer and can provide a significant reduction in
overall base load. EE programs typically do not require direct interaction with individual loads and
enable load reduction through developments in technology and changing behavior, the latter often
achieved with the help of social media. Rebate programs to improve household insulation, or to
replace older windows are other proven examples of EE efforts that have favorable cost-benefit
outcomes. Whereas EE is often considered an indirect approach to energy management techniques,
DR programs represents the active engagement of consumers (industrial, commercial, and
residential) with the electric utility, and more specific, with the state of the distribution grid. DR
activities which can leverage the latest developments in technology include advanced metering
infrastructure (AMI), deployed sensors, higher-speed communications, and advanced back-office
processing. When combined with consumer engagement, DR activities can result in the ability to
positively influence consumption patterns that are more “inline” with available resources. The result
is the ability to dynamically shift or reduce the system peak or to call upon loads to consume, as
previously described. The discussion of DR in this section is primarily concerned with the potential
that DR represents to contribute to system optimizations.
Consequently, the optimal configuration of energy assets for Nova Scotia will be heavily dependent
upon the availability of RES, the ability to store RES energy such that it can be used at some future
time, the development and successful implementation of an EE program, as well as a
comprehensive architecture to deploy DR activities in areas where they have the greatest impact at
shifting/reducing energy consumption. This capability starts initially with metering and monitoring,
then incorporates basic load control, and after continued deployment and aggregation of loads,
moves into advanced automation capabilities that provide the ability to operate resources in an
optimal fashion. Throughout this process, continued feedback of system performance, both from
227

In this report, we use the term EMS to describe system wide control and information exchange and DERMS or
Microgrid Master Controller (MMC) to denote smaller localized systems.
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economic and technical perspectives, will help ensure that value is attained as technologies mature
and as performance metrics are achieved.

4.2

Current Smart Grid Technology Deployment Situation

Optimization of electric grid technologies in Nova Scotia requires the ability to link technologies such
that their interaction can reinforce business value. To accomplish this, it is important to be aware of
specific activities currently underway in the province that can be built upon. As the capabilities of
these systems are established, it is possible to develop a roadmap that leverages the investment
that has already been made to create a highly optimized and efficient T&D grid system.
A number of initiatives involving smart grid technologies have been launched in Nova Scotia. Here,
“smart grid” refers to foundational, intelligent technologies deployed in the electric distribution
infrastructure that can collectively be leveraged to enable automation, increase resiliency, or
enhance system visibility as their individual capabilities become more mature and as their business
cases become established. To our knowledge, the extents to which these initiatives have been
deployed in Nova Scotia are limited, and primarily consist of a number of individual pilot programs
that are not part of any consolidated province-wide master energy plan.


AMI - In general, there has been minimal development of AMI across the province and there
exists significant room for additional growth for this technology. Of the known AMI deployments
in Nova Scotia, one was initiated in 2009-2010 by the Berwick Electric Commission and involved
the installation of 220 electricity meters to better monitor usage of electricity. More recently, in
2013, the town of Lunenburg, which operates its own electric utility, launched a smart meter pilot
project of unknown size. At present, there is no published information regarding the status or
success of these programs.



EE/DSM Programs- ENSC is responsible for administering DSM programs in Nova Scotia.
DSM programs deployed to-date have been largely successful due in part to the use of social
media. As an example, marketing tools such as Twitter, Facebook, and YouTube have been
employed since 2011 in order to inform the general public, and in particular, low income
households of available energy efficiency programs. The strategy bore fruit as for the first time
the Low Income program exceeded its annual target for energy savings in 2011, achieving 12.4
GWh of energy savings compared to a target of 9.1 GWh with an investment of about $5 million
while assisting over 10,000 homeowners and renters228.



DR and Load Control - Nova Scotia Power has implemented a pilot load control project within
the province through the PowerShift Atlantic program229. The program is focused on finding
effective ways of integrating wind energy into the broader system by shifting certain loads
between peak and off-peak conditions. One of the advantages of the program is that the net
energy consumption is not impacted, but the time of use is shifted to better enable the system to
use available surplus wind generation during off-peak conditions.
An intelligent EMS referred as the “Virtual Power Plant” is used as the implementation tool for
the load shifting program. The tool interfaces with different load aggregators, customers and the
system operators to balance the intermittency of wind generation and the availability of load to
achieve this outcome.

228

“Evidence of ENSC As DSM Administrator,” Efficiency Nova Scotia Corporation, April 18, 2012,
http://www.efficiencyns.ca/wp-content/uploads/2013/03/ENSC-2013-2015-Plan-Complete-Version.pdf
229
The program is funded through Natural Resources Canada (NRCAN) and is a collaborative research initiative led
by NB Power, in partnership with Saint John Energy, Maritime Electric, Nova Scotia Power, New Brunswick System
Operator, the University of New Brunswick, the Government of New Brunswick and the Government of Prince
Edward Island.
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Within the province, there are three main areas where direct load control technologies have
been implemented at a pilot stage as part of the PowerShift Atlantic program:
 Residential customers and electric water heaters – In this case, devices that have thermal
storage capability like water heaters are fitted with a small device that enable the operator or
aggregator to switch them on and off depending on the available generation in the system.
The net effect is minimal for the customer since these devices generally do not consume
electricity all the time.
 Residential customers and Electric Thermal Storage (ETS) central furnace – The operator
has the capability to remotely adjust the ETS heater to higher or lower values (without
causing any inconvenience to the customer) to better enable integration of surplus wind
generation.
 Commercial HVAC and Refrigeration units - Similar to residential applications, through
better control of devices like HVAC and refrigeration at commercial locations the operator
balances demand and supply through an EMS system interface.
Preliminary estimates from Nova Scotia Power Inc. (NSPI) show that the pilot programs have
been successful. Additional penetration of these load control technologies into commercial
locations may happen in future years based on available funding and propensity of customers to
participate in such demand response programs. It is anticipated that NSPI will continue to
participate if the business cases support such activities, and it is also believed that consumers
will participate as long as their interaction is transparent and is reflected in lower energy bills.


Energy Storage Technologies– Lightsail Canada will be applying to the Atlantic innovation
Fund to help finance a $4.6 million pilot facility which will store energy produced at a wind farm
near Liverpool, Nova Scotia using a compressed air energy storage (CAES) technology. The 3.6
MW wind project is being pursued as part of the Community-Based Feed-in Tariff (COMFIT)
program. The project will have three or four turbines and is slated to begin producing in 2014.
The storage component is likely to include a 500kW or a one Megawatt generating unit and four
to six storage tanks each measuring 12 meters long. As with a number of smart grid
technologies, CAES is still in the early stages of development and testing, and as a result, its
relative ease of application for Nova Scotia and examples of deployment in other regions is
limited.



Electric Vehicles – Electric vehicles (EV) support greenhouse gas emissions goals, energy
security and independence, economic development, and also have the potential to act as energy
storage and load control resources. In November 2011, NSPI launched the ShareReady Electric
Vehicle Pilot Program with cooperation from Nissan Canada and O’Regan’s Nissan Halifax. The
program is focused on getting the Nova Scotia electric system ready for electric vehicles. In
general, the EV program in Nova Scotia is still in the early stages of development and the
impacts of EVs observed to-date have been minimal on the broader market. It will likely be
several years before there are higher levels of adoption of this technology.



Microgrids –The University of Sainte-Anne located in Digby county of Nova Scotia operates a
private microgrid system consisting of solar panels, a wind turbine, and a new biomass furnace,
which together helps reduce the university’s annual electricity expenditure. A second wind
turbine was added by the university in order to take advantage of Nova Scotia’s COMFIT
program. The relative economics of microgrids and broader applicability for Nova Scotia are
limited and would likely need to be assessed on a case by case basis. Microgrids are primarily
established in order to provide continuity and security of electric supply to mission-critical loads,
and, this technology has minimal impact in terms of enabling RES integration or addressing
some of the broader challenges facing the Nova Scotia power system.

As outlined, most of the smart grid programs and technologies deployed in Nova Scotia to-date are
in early stages of development and currently not at the level of maturity to make a significant
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difference to the wholesale or retail power markets. Further, while individually valuable in context of
the local energy conditions, there appears to be no integrated architecture that would permit, for
example, characterization and quantification of the extent to which demand response, storage, or
microgrids might be deployed in conjunction with one another to enable more efficient integration of
RES. The next section will address how individual subsystem technologies can be utilized in a
constructive manner to start linking programs and objectives going forward.

4.3

Synergies of Integrating Multiple Smart Grid Technologies and
Potential Strategies

Although individual technologies can be utilized separately, the system as a whole benefits through
the integration of several elements together. For example, the integration of AMI, EE, DR, and
storage along with sensors placed throughout the distribution network will enable more direct control
of load and maximize the use of RES generation. In this section, we describe the synergies and
advantages of clustering several electrical grid technologies for optimizing the performance of the
electric T&D system in the near, mid, and long term.
An optimization process first requires establishing a baseline, implementing some form of change,
and then quantifying that change and its impact relative to the baseline such that the change from
the baseline can be tuned and fed back into the process to obtain the desired business or technical
objective. The process can be manual or automatic, but in general, automatic feedback and
correction generally improves results.
In the present context, the desired goal of optimizing the performance of the T&D system through
the clustering of smart grid technologies is to reduce Nova Scotia’s dependency on fossil fuels
through load reduction, load control, and integration of renewables. In the discussion of load
reduction, the objective, and subsequently, the effectiveness of programs, is measured from some
reference point (the baseline) to a new operating condition. In the same manner, the effectiveness
of load control, when combined with renewable integration would be measured against the baseline,
most likely determined by the status quo of how the electrical infrastructure is operated today.
Correspondingly, it is imperative to establish the respective baselines early in the establishment of a
program so that significant operating history is documented. As additional programs are instituted,
then, they can be compared against these baselines.
The following sections will discuss potential methods of establishing the baselines in the near-term,
and then will transition to a discussion of a possible roadmap for integrating multiple programs in the
near-, mid-, and long-term time frames in order to achieve optimized system performance.

4.3.1 Strategy Overviews
Near-Term Strategy Overview
Value going forward on any system can only be quantified once a baseline of the performance of the
current system has been established; this is also true in terms of achieving system optimization.
From an electricity system optimization point of view, the data required to establish the baseline are
typically gathered through endpoint metering and subsequent advanced analysis. Once this
analysis has been completed, design and implementation of programs that interact with consumers
becomes a critical component in the ability to affect change and achieve optimization. These
programs are typically implemented first on a more localized level, leveraging the metering network
to determine the effectiveness of the program in promoting change. This then becomes the
foundation of the system to build upon with respect to more widespread deployment in the medium
and long-term.
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Because the EMS serves a crucial role in a system that integrates disparate RES, storage systems,
consumer loads, and advanced signaling to achieve a fully optimized T&D system, the near-term
strategy should include a focus on the establishment of the baseline and analysis, and the
implementation of a scalable EMS architecture that eventually will meet the needs of a territory-wide
EMS implementation. While early implementations of the EMS may be manual in interpretation and
the subsequent signaling/notification of asset owners to participate in a given scenario, the eventual
goal should be a “headless” operation where the EMS recognizes specific energy patterns across
disparate resources and is able to schedule interaction with generation, storage, and loads. This is
an advanced capability and is highly specific to available resources and interconnected systems.

Medium-Term Strategy Overview
While all of the following concepts could be applied in the near-term, the most likely scenario is that
many of these efforts will occur in the medium-term due to the time required to implement
components of the programs, analyze results, make recommendations, draft appropriate regulatory
cases, secure funding or recovery authorization, and install the necessary architectures.
In the medium-term, customer outreach and programs related to interacting with consumers should
continue to be a focus. Leveraging meter data (both Supervisory Control and Data Acquisition
(SCADA) and AMI), in combination with advances in technologies will permit continued effectiveness
of EE, DSM and related efforts. Combining these programs with social media and newly developing
consumer technology will help ensure continued consumer engagement and participation. With
advancements in technologies and potential cost reduction, storage could also play a significant role
for RES integration in the medium-term.
In parallel with these efforts should be the deployment of utility systems which leverage the
availability of the meter data to enhance the operation of the T&D system. For example, SCADA
metering systems directly support Volt/VAR Optimization (VVO) efforts, reducing the losses that are
a result of a relatively fixed distribution infrastructure. Feeder loading and available alternative
configurations become part of the Distribution Management System (DMS) and Graphical
Information System (GIS), and real-time updating of distribution assets could provide the ability for
loads to participate with RES.

Long-Term Strategy Overview
The longer term strategy should involve making decisions on generation, transmission and
distribution assets that add value to the broader electric system for next 20 years and beyond. The
uncertainties with respect to system conditions at this timeframe are significant, which indicates that
the need for flexibility in resource profiles, T&D systems, and load management would be critical to
ensure that decisions made in the near and mid-term also offer benefits into the longer term.
Electricity will continue to be used by residential, commercial, and industrial customers to be sure,
but there exist meaningful uncertainty in the supply and demand balance as presented in the
Baselining sections of the generation chapter of this report. As a result, it is difficult to estimate the
exact strategy on a long-term perspective that results in optimal configuration of energy assets for
Nova Scotia, with the exception that in all cases, they need to be flexible to integrate with different
energy supply and load patterns and be adaptable to the future potential impacts of climate change.
There is also a strong likelihood that continued interaction with consumers through advanced
technologies will play a vital role in the year-over-year operations plan. Further, as existing assets
are retired and replaced with newer technologies, integration of these components within the
operating systems at Nova Scotia, and continued refinement of optimal models will be required.
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4.3.2 Near-Term Foundational Components
Establishment of an Energy Management System (EMS)
The EMS serves a crucial role in a system that integrates RES, storage systems, consumer loads,
measurement and validation, and advanced signaling. Early in the development and implementation
of the EMS, basic foundational architectures are established including sensory input (for example,
SCADA, raw voltage/current sensors, and AMI data), access to various utility systems (DMS, GIS,
meter data management systems (MDMS), etc.), and the ability to perform basic display, interaction,
and reporting functions.
Exhibit 41 Conceptual Relationships for an Energy Management System
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The exhibit above shows the conceptual relationships for an EMS as it could apply to Nova Scotia.
As the EMS matures and as it is connected to additional generation, RES, loads, and storage
mechanisms, advanced analytics will play an increasing role in the value captured by the system.
While early implementations of the EMS may be manual in interpretation and the subsequent
signaling/notification of asset owners to participate in a given scenario, the eventual goal is a
“headless” operation where the EMS recognizes specific energy patterns across disparate resources
and is able to schedule interaction with generation, storage, and loads. This is an advanced
capability and is highly specific to available resources and interconnected systems.
The near-term goals should be focused on establishment of a scalable architecture that will
eventually meet the needs of a territory-wide EMS implementation. The EMS should be capable of
handling a combination of generation and RES on the production side, as well as various loads on
the consumption side. Further, the EMS should be able to handle common-language constraints so
that developers/implementers can easily add resources, subject to constraints imposed by asset
owners. The EMS should also have the ability to incorporate financial costs such that economic
value of multiple decisions can be easily viewed and evaluated. The EMS should be capable of
dispatching a single load or aggregated group of loads, such that the economics as modeled are
realized. Finally, basic reporting of actions taken, with quantification of what occurred against the
predicted baseline should be possible so that the system algorithms can be improved as knowledge
increases.
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Creating the System Baseline via Implementation of Comprehensive SCADA
and AMI Systems
The measurement of energy production, distribution, and consumption through the use of developing
SCADA and AMI systems forms the basis for achieving and maintaining optimal energy delivery.
This information becomes the underlying foundation – the baseline – upon which all subsequent
system optimization components and programs are built. Despite the commonality of supporting
subsequent decisions, each system is significantly different and contributes differently to the value of
the overall effort.
SCADA data, specifically distribution SCADA, differ from AMI consumption data in many ways.
SCADA data generally are near real-time data and is a principal component of distribution
operations, specifically on the order of 2-6 seconds for most implementations. This is contrasted
with AMI data, which may have a resolution of 5-15 minutes, but which is typically transmitted to the
electrical utility once per day. Of course, there are exceptions to this guidance but for all practical
purposes, AMI data is not available for external consumption until it has been validated (by utility or
consumer systems) somewhere between 4-36 hours following data collection depending upon the
system configuration. One exception is the use of AMI data for an Outage Management System
(OMS), and in this case a specialized datapath and priority structure is established to achieve this
dedicated purpose.
SCADA data also differ from AMI consumption data in that AMI consumption data are considered
“the edge” of the distribution network, whereas SCADA data encompass generation, transmission,
and distribution. Traditionally, SCADA infrastructure has penetrated the utility sphere to the
substation, which is located at the transmission/distribution interface level. From here, a large gap of
energy flow knowledge develops until data are presented from the AMI level. It is within this zone
(distribution beyond the substation) that significant opportunities for optimization exist. In addition,
integration or synchrophasors or Phasor Measurement Units (PMU’s) (described in next few
sections) with traditional SCADA systems would also help the operator have a higher level of
situational awareness with respect to RES production and transmission flows in the network which
help to manage the reliability of the electric grid.
Independent of distribution SCADA implementation, there is high-value in establishing an AMI
subsystem. The AMI subsystem, in addition to the established benefits of providing automated
billing capabilities (which accrue directly to the utility), monitors all endpoint consumption and
provides a core capability of establishing baseline energy use. This is the baseline from which DSM
and EE programs can to be measured against, and it is where maximum value is attained as
systems mature and as new systems are brought online.
One major feature/function of the AMI meter is the ability to provide load profiles in addition to total
consumption values. Individual consumption profiles provide the ability to determine load
coincidence, or the amount that the individual load contributes to the overall system peak.
Conducting such analysis on an on-going basis is important as it goes directly to identifying
consumers who can contribute to reducing or shifting their demand for the benefit of NSPI, as well
as of consumers who may potentially obtain a reduced rate for participation. Numerous
stakeholders exist within the utility for these actions and include the marketing and communications
groups as well as the program design/rates/regulatory bodies.
AMI subsystems also enable evaluation, measurement and verification (E,M&V) for DSM programs.
E,M&V is the process of measuring the amount of participation when some action is taken, and
through this process comes verifying the amount of participation. This is contrasted with older,
legacy systems that simply broadcast a signal with no individual knowledge of participation. Leading
examples of this E,M&V capability exist today. For example, the marketplace offers thermostats that
have the ability to read real-time consumption from enabled AMI meters, and either convey this
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information (along with HVAC information) back through the metering network or use a separate
network to convey such information. Whereas load profiles and load coincidence can be analyzed to
reduce the system peak, load composition – as indicated by coincidence between the thermostat
and the meter profile – go directly towards providing load control benefits for the utility as well as
providing benefits to the consumer. For example, heating is often 40% of total consumption so any
analysis and control that can be conducted on these systems can have significant benefit for
stakeholders. Exhibit 42 shows a potential relationship of devices within the consumer’s home that
can be enabled for DSM programs.
Exhibit 42 A Potential Linking of Devices within the Home which can be Linked Through the Smart
Meter

ZigBee-Enabled
Smart Meter

Utility Back Office Systems

ZigBee
SEP
ZigBee / Ethernet
Gateway

Wi-Fi Cable
Modem
(existing)
Customer’s WiFi
Cloud
(existing)

To Internet

Programmable
Communicating
Thermostat

Utility User Portal

Water Heater

Smart
Tablet

Smart
Telephone

Refrigerator
Washer / Dryer

HVAC Subsystem

Customer Premises

Source: ICF

The AMI network also empowers the consumer by giving him or her a dashboard of energy usage
and the costs of such energy. Access to data via the web and mobile devices permit the comparison
of usage and costs against prior periods, as well as against surrounding communities. Further,
when enabled with advanced analytics capabilities, such as is being deployed at Avista Utilities in
Spokane, Washington, the consumer is provided with daily messages concerning estimated use and
this allows them to proactively reduce their consumption independent of any utility-centric control.
The ability to send text messages to mobile devices also enhances consumer/utility interaction,
increasing consumer satisfaction with their energy supplier.
Electric water heater systems offer a hybrid of system benefits in that they can be controlled from the
AMI network to shift their heating demand, as well as offering the ability to achieve EE goals if
replaced with more efficient units. Water heater characterization can be done remotely using AMI
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data, and again, just as described for thermostat/HVAC systems, load demand and load profiles can
be measured to determine those assets that would be of the greatest benefit to the utility to target
under EE or DR programs. The ability to shift water heater utilization to off-peak hours, in
combination with the E, M&V capabilities of the AMI system, offer a capability to use wind energy
directly while having minimum impact on consumers. Other loads such as washers/dryers,
refrigerators, and pool pumps (not shown in the previous exhibit) are all existing samples of devices
which can be enabled to participate in DSM activities through the AMI meter.
The AMI communications network, which is used to convey information to/from the meter and the
meter data management system, is also a highly leveragable asset. Depending upon the type of
network deployed, the ability of sharing bandwidth with local municipalities, emergency services, and
other utility operations provides significant benefit for growth as business value is attained. The
deployment of SCADA and/or AMI infrastructures within electric distribution networks, combined with
automated analysis and reporting, provide the ability to benchmark existing operations and make
recommendations concerning program structure as it relates to EE, DR, and specialized tariffs.

4.3.3 Near-Term Initiatives
Whereas EMS, SCADA and AMI systems are considered foundational to the establishment of a
highly optimized and efficient T&D grid system, they can also be leveraged to provide the
springboard for new initiatives to directly support EE and DSM activities in Nova Scotia in the near
term.

Enhanced Consumer Interaction
Most consumers, whether at the industrial, commercial, or residential level, are familiar with public
Internet and web interactions. Additionally, many consumers are supplementing this interaction with
mobile technology using smart phones and tablets. A newly emerging capability within energy
systems builds upon AMI interval usage data as well as mobile platform developments to ensure that
it is possible to positively interact with consumers concerning their energy usage. The ability to alert
based upon pending bill due dates, exceeding specified dollar amounts, or significantly different
dollar or energy values relative to previous baselines are all considered valued components by
consumers and could be enabled on a near-term basis after an AMI deployment.
With specific applicability to EE and DR activities, AMI and mobile systems offer a capability to
provide a high level of quality data to consumers to directly inform them of projected daily, weekly or
monthly consumption/energy billing amounts via texting (SMS) and/or email routes. When
presented with this information, consumers at any level or demographic can make informed
decisions about their existing and projected energy use and change their consumption behaviors if
desired. These data provide the utility the opportunity to bill in intervals during a day versus the
traditional blocks of usage.
Additionally, the use of mobile technologies in the signaling of events or to provide specific status
updates is easily enabled and directly supports EE and DR activities. It is not unrealistic to be able
to broadcast a signal to all mobile users indicating that “…a surplus of wind energy is available and
that 'green' rates are in affect for the next four hours.”
These capabilities, when combined with the baseline activities described in the previous section on
SCADA and AMI, directly support and document the efficacy of implemented EE and DR programs.
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Focused Consumer Marketing
Distribution SCADA, when available at the feeder, segment, or low-voltage (LV) transformer level,
can indicate localized constraints that are not system-wide issues. Back-office aggregation of load
profiles of monitored assets can provide visibility into areas of the distribution grid that are operating
at significant inefficiencies (e.g., transformer burden as a percentage of downstream loads) as well
as providing the capability to validate other loss mechanisms that exist between the SCADA
monitoring point and an aggregation of AMI endpoints. When these areas of the infrastructure are
combined with consumer load profiles, the ability to identify high-probability candidates for energy
upgrades is enabled. Further, when consumption data are overlaid with publically-available records
or is input directly from consumers with respect to their property, metrics concerning energy usage
per square foot (for example) can be established and compared to other structures in the same
geographical area. Outliers to the high side of consumption are candidates for focused marketing
efforts including energy audits and specialized programs to facilitate a reduction in energy
consumption. While this approach applies to all consumers in the NSPI service territory, it would not
be an unexpected outcome that an EE improvement of the top 20% of consumers could equate to
the EE benefits of the remaining 80%. The obvious advantage here to NSPI and to Efficiency Nova
Scotia Corporation is that limited capital can be used to effectively identify consumers with the
greatest need, without requiring the active participation of the consumers through surveys and the
like.
Furthermore, when AMI data are combined with weather data, establishing normalized energy
performance of structures becomes possible, e.g., intrinsic properties of structures independent of
the influence of weather result. Advanced analytics of this type offer significant advantage to
consumer marketing campaigns by identifying the type and sensitivity of structures to such
parameters as wind (influence of speed and direction on a home can impact heat loss) or cloud
cover (dramatic changes in energy consumption as a function of cloud cover indicate insufficient
insulation in the attic). Advanced analytic capabilities, while more complex than standard review of
high-consumption clients, offers significant value for NSPI as well as individual consumers and is
based largely on trends that are reported by the AMI system.

Demand Response
Demand response (DR) is an important component of DSM activities and spans industrial,
commercial, and residential consumers. As the current pilot programs in Nova Scotia involving load
control with electric water heating have demonstrated, DR has a strong potential to help with system
challenges in the near-term. Industrial and large-commercial DR is highly specialized and is
generally site specific, which may require specialized rates/tariffs and callable load for curtailment.
The advantage of industrial and large-commercial DR programs is that significant reduction of load
on a per-feeder basis is possible with minimal consumer interaction, which is considered optimal.
Contrasting, small-commercial and residential DR typically is not highly specific in implementation.
While the composition of small-commercial loads differs compared to their residential counterparts of
the same magnitude, these systems share a common trait in that their demand response load
typically needs to be aggregated on a specific distribution transformer or feeder in order to provide
the required value to the utility. This aggregation requires a method to communicate, as well as a
method to verify participation in the DR event so that proper credit can be given to the asset owner.
Numerous utilities in North America are implementing private or municipally-owned communication
networks for use in communicating with distributed loads. These networks are often constructed as
shared-use with emergency personnel (fire, police, rescue, etc.) as well as utilities (water, gas,
electricity) to move data and permit interoperability. This is one option available to Nova Scotia
Power and has the advantage of being able to be designed as a highly reliable system.

© 2014

81

icfi.ca

Emerging Electricity Technologies in Nova Scotia

Contrasting, a number of utilities in North America are relying upon public WiFi and Internet services
to integrate DR offerings into their operations. Specifically, consumers with public Internet services
are identified and devices permitting use of that network are deployed. There are a number of highly
successful thermostat, HVAC cycling, display cooler/chiller control, and hot-water-heater programs
that use this methodology, and its penetration is growing due to the ease of implementation,
especially early in program design, as infrastructure risks are reduced or eliminated.
Independent of the method of interfacing to distributed loads or building management systems, the
ability to send commands to individual or aggregated groups of loads enables significant value that
can be validated through consumption values at both the SCADA and AMI levels. E,M&V of
participation permits asset owners to be credited according to program rules, reducing their effective
energy bill. This helps to increase overall program participation while meeting the needs of reducing
energy consumption when these programs are called upon.

Electrification of Transportation
Nova Scotia would like to reduce fossil fuel consumption, and the electrification of transportation is
one way to achieve this. In addition electrification of transportation can assist in grid operations,
even serving as a resource to store surplus energy from RES. However, it is imperative that this be
implemented correctly as it can also introduce grid instability. Transportation electrification impacts
commercial as well as residential owners, with commercial electrification being the easiest to
implement once the SCADA and/or AMI networks have been deployed, and hence is a good focus
for the near-term. Residential electrification of transportation, e.g. privately owned EVs, in the
absence of the availability of free energy at public charging points, introduce a complexity into the
system related to the resale of energy by the electric vehicle service equipment (EVSE) owner.
While this complexity will eventually be resolved through market dynamics and policy changes, the
electrification of commercial fleets with integrated charging points owned by the fleet owner
dramatically simplify initial implementation of transportation electrification as billing is not an issue.
Transportation electrification initially introduces more complexity into maintaining the reliable
operation of the electric grid. For example, commercial EVs, such as fleet vehicles owned by a
municipality, typically will have the same use-case in their operation. For example, vehicles will
most likely be driven on the same schedule and will return to their charging facility around the same
time. Once an EV plugs into the EVSE, with no external signals dictating charging profile, the EVs
will begin charging and will continue to do so until they are fully charged. By employing EVs in a
fleet environment early in the deployment of such technologies scaling rules can be developed that
provide NSPI critical information on infrastructure impacts due to transportation electrification.
Conductor and transformer sizing guidelines within distribution as well as capacity reserve levels for
feeders and substations are all positively impacted by having SCADA, AMI, and fleet charging
capabilities early in the program.

4.3.4 Medium-Term Initiatives
Whereas the short-term efforts were focused on establishing a system baseline followed by design,
deployment, and initial analysis of data to advance the business case, the medium-term period
should be focused on reinforcing various business cases for further investment and iterating the
models in the context of advances in technologies, anticipated reductions in costs, as well as
changes in regulatory framework. In principle, the medium term initiatives should be focused on
leveraging infrastructure investments that were made in the near-term, such as the development of a
comprehensive EMS, AMI, and SCADA system to deliver value to consumers, and to better position
to address additional challenges that may be related to uncertainties in the longer term.
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Medium Term Enhancements of Energy Management System
As described earlier, the EMS is the greatest dynamic component in the overall system which has
the highest potential for capturing value and operating/maintaining the system at an optimum state
(as it relates to increasing the use of RES, better coordination of load with RES through adoption of
EE and DR). As the short-term EMS is realized, a number of use cases will result which will lend
themselves to automation, e.g., “headless operation”. It is during the early part of the medium-term
period that the transition from manual operation of the EMS to semi-automation to full-automation
can be achieved.
One of the keys to implementing an automated system is access to historical data which shows the
behavior of the energy system or subsystem in the context of a set of operating parameters. At this
time in development, a few years of data would have been collected, and will be invaluable to the
development of signature analysis and overall energy prediction, both on the production as well as
consumption side of the equation. An accurate prediction system is the key to success for capturing
downstream value and its importance should not be minimized.
The reality of EMS implementation is that, prior to headless operation, an intermediary stage occurs
where there is a human in the automation loop. As operator confidence increases, and as value is
recognized/reported, human interaction with the system will begin to decrease and assets will be
autonomously configured to capture the greatest value given a set of constrains and operating
conditions. In addition, in the medium-term as storage technologies mature in the market and
potentially become cost-effective as a solution for the RES integration challenges, integration of new
storage components into the EMS setup could help build higher level of efficiencies in the system.
As the EMS architecture matures and is ready to transition to a more automated operation, it can be
connected to additional generation, such as RES, as well as loads and storage resources and will be
capable of more efficiently managing the interaction between these system components.

Integration of Energy Storage Resources into the Grid
Energy storage resources have broad application across wholesale energy markets. For example,
these resources can help with power quality and reliability at customer sites, while also providing for
valuable ancillary services in the wholesale energy markets. The U.S Department of Energy
(DOE)/Electric Power Research Institute (EPRI) electricity storage handbook identifies several
applications of energy storage resources and groups them into five key areas (shown in Exhibit 43).
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Exhibit 43 Applications of Energy Storage Resources
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From Exhibit 43, the benefits of energy storage devices can be seen across the spectrum of energy
service applications. Several of these key benefits are summarized in Exhibit 44.
Exhibit 44 Key Benefits of Energy Storage
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Storage can enable the penetration of higher levels of intermittent renewable
resources by absorbing the excess energy when generation exceeds demand and
providing the energy to the grid when generation levels fall short.
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reduce new investment in transmission infrastructure.
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“DOE/EPRI 2013 Electricity Storage Handbook in Collaboration with NRECA,” Sandia National Laboratories, July
2013, http://www.sandia.gov/ess/publications/SAND2013-5131.pdf and ICF.
231
EPRI Report, December 2010 and ICF.
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Energy storage devices provide regulation services which can maintain the stability of the grid, utilize
excess power generation, and can even buy power during off-peak periods. The stored energy can
then be sold during periods of high demand. Storage devices can defer distribution and transmission
upgrades as these energy storage systems can compensate for the need to deploy additional
capacity to meet peak demands. With deployment of new technologies on the customer side,
customers have better options to manage their energy utilization and contribute to improved grid
reliability and performance.
Emerging storage technologies are especially well-suited for ancillary services, specifically
regulation services. Resources providing regulation services must respond quickly to dispatch
signals to increase generation (regulation up service) or to decrease generation (regulation down
service). This is necessary to account for momentary fluctuations in generation and load, maintain
the system frequency at its desired level (usually 60 Hz) and account for differences between actual
and scheduled flows of power. Many of the newer types of storage technology can respond quickly
to dispatch signals, making them ideal for providing regulation service. Storage resources with faster
ramp rates, such as batteries and flywheels, provide increased regulation benefits when compared
to conventional generators since they can follow control signals quickly and accurately. Increased
use of storage resources lessens the need for conventional generation to provide regulation
services, thus reducing the total wear and tear on conventional generators232.
Because renewable resources such as wind generation are intermittent, they impact the stability of
the grid at increasing levels of penetration, such as is being seen on the Nova Scotia electric
system, and as discussed in Chapter 2. Improved wind forecasting, and better load management
technologies can help reduce grid instability, but when energy from wind plants goes down, other
generating units need to be ramped up quickly to continue to meet demand. With storage
technologies, it is possible to use the stored energy to supply energy quickly, until conventional
generating units such as combustion turbines can be ramped up to meet demand. Storage
technologies that have higher ramp rates and faster response times can be particular useful in
systems with high penetrations of wind resources because of their ability to maintain system
frequency and voltage when the wind drops out, which would otherwise have the potential to
destabilize the grid causing blackouts.

Building up Consumer Interaction and Marketing through Integration with
AMI
The general trend for consumers is away from personal computer interaction with client sites and
towards mobile platforms. There is every expectation that this trend will continue into the mediumterm horizon, and the result will be a greater focus on the delivery of energy and pricing information
to consumers, independent of whether they are at the industrial, commercial, or residential level.
The consumer-interaction foundation established up to this period should be scaled to a territorywide implementation for NSPI, implementing those features, advantages, and benefits that support
the business case and best practices. As RES penetration increases, it is expected that enhanced
signaling of available resources and subsequent actions taken by consumers will be a primary focal
point.
As advanced analytical capabilities grow, and as the database of consumption information within the
AMI system grows, enhanced knowledge concerning consumer behavior as it relates to energy
consumption can be established. Combined with the aforementioned capabilities in separating

“DOE/EPRI 2013 Electricity Storage Handbook in Collaboration with NRECA,” Sandia National Laboratories, July
2013, http://www.sandia.gov/ess/publications/SAND2013-5131.pdf
232
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energy usage from the impact of weather, along with an expanding consumer base as the programs
are expanded to a full territory, additional value will be created for both consumers as well as NSPI.
The medium-term period of this program builds upon the earlier foundation of identifying consumers
that have the greatest potential of realizing benefit from enhanced energy programs or
improvements to their homes.

Value Additions to Demand Response
Medium-term DR capabilities are anticipated to grow as the mixture of consumer-assets which
respond to time shifts or energy reduction commands increases. The industry is already
experiencing an expansion of consumer-centric devices – washers, dryers, dishwashers,
refrigerators, freezers, water heaters, and HVAC compressors which are able to accept external
signals which limit their energy consumption or inhibit their operations. It is expected that this trend
will continue and hence, DR programs should be created, implemented, and quantified in terms of
value as these new components are integrated with the EMS.

Expanded Transportation Electrification
In the continued absence of public charging infrastructure, similar to the coincident charging of
commercial fleet vehicle described previously, the coincidence of charging demand from private
ownership EVs can potentially occur at the same time of day, resulting in abnormal peaks in the
aggregated demand profile. If insufficient generation capacity exists, or if there are localized
constraints regarding distribution infrastructure (feeder, transformer, etc.), then it will be required to
interface the EVSE with a EV control system (EVCS) that either randomizes charging (in a municipal
fleet situation) or provides incentive to private EV owners to defer charging.
This latter scenario contributes directly to the use of EVs to absorb RES energy, and requires that in
addition to the ability to establish charging rules based on the availability of RES, that some form of
EVCS be implemented. Alternatively, or perhaps in concert with this approach, using the
advancements in consumer-centric communications methods that were previously described, text or
email notices could be provided to EV owners. This would let consumers know the availability of
RES at specific times (and if enrolled in a specific EV program) that reduced charging rates could
apply. This latter use case could be easily verified on a one-to-one basis using the AMI network.
Continuing with the concept of using EVs as a storage device capable of intelligent charging, is
consideration of EVs as a storage device with the capacity for dispatch (“vehicle to grid”). Although
a number of college and private fleet-vehicles are capable of dispatch today, major vehicle
manufacturers in North America force the EV or EV fleet owner to sign a waiver of indemnification
that holds harmless the EV manufacturer for premature failure of the batteries due to dispatch
scenarios. Presently, EV manufacturers are not permitting any form of dispatch of the battery
system due to uncertain impact on the overall lifetime of the battery. Until this is addressed and the
battery management systems can be updated, there is little chance that EVs will be used as mobile
dispatch.
If the previous recommendations concerning implementing fleet vehicles first and/or providing free
energy to public charge points are deployed, then in the medium term the complexities of charging
for public infrastructure charging can be addressed. Although public charging is widely available
across North America today, pricing for Level 2 charging varies dramatically between EV service
providers (EVSPs), resulting in significant dissatisfaction for a number of EV owners.
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Building upon the short-term capabilities of texting to consumers, as well as integrated geofencing233 capabilities within vehicles, it is anticipated that in the next 5-10 years that EVs will have
the capability to notify the EVCS of their location, and based upon real-time data exchange between
the EVCS and the EMS, notification of public charging infrastructure where a load would be ideal
could be pushed to the vehicle or owner.
There are a number of challenges with this scenario today, which is why it has been pushed to the
medium-term period.
Namely, although there are a number of proposed standards for
communicating EV state of charge to a remote EVCS or EMS, North American EV manufacturers
have not adopted any standard which would facilitate this type use case. Since the state of
discharge is unknown, the EMS is incapable of estimating whether the presence of the EV demand
will be a disruptive or stabilizing event. The Society of Automotive Engineers (SAE) is presently
working on this standard, and once ratified, it will take years to be deployed in EVs.

The Potential for Microgrids in Medium-Term
Microgrids can play a key role in improving the resiliency of the energy infrastructure and also
provide economic and environmental benefits. Microgrids can improve the reliability of the power
supply for the end users by limiting power interruptions and maintaining supply of power during
storms and other weather-related events. As an example, when SuperStormSandy hit New York
City, New York, much of Lower Manhattan lost power. However, key buildings in the New York
University campus retained power due to the microgrid system that was in place. The system
demonstrated the resiliency achievable through microgrids for important facilities such as hospitals
and government facilities in the wake of natural disasters234.
Depending on fuel and technology choices, microgrids are also capable of improving energy
efficiency (by making generation available at the load site and thereby reducing losses) and can help
reduce air pollution if coupled with renewable resources, as demonstrated by the Miyako Islands
microgrid demonstration project. However, existing infrastructure with respect to availability of fuel or
renewable potential at the intended microgrid location may limit the choices of fuel and technology
types that can be incorporated into the microgrid, and hence also impact the associated benefits that
these resources and the microgrid will provide.
Aside from the benefits of microgrids, widespread deployment of microgrids depends on
technologies first overcoming a number of barriers as outlined in Exhibit 45. One of the major issues
with implementing a microgrid is the need for sophisticated equipment for monitoring and control.
The pricing structure and ownership of the microgrid also needs to be set between the utility and the
facility or community where the microgrid intends to be implemented.

233

Geo-fencing is the use of GPS data, in conjunction with some other use case, to have only certain
people/technologies participate in a desired event. Having notifications pushed to electric vehicle owners as they
drive by a section of the distribution grid that could use more load is a simple example.
234
Julia Pyper and ClimateWIre, “Are Microgrids the Answer to City-Disrupting Disasters?,” Scientific American,
September 11, 2013, http://www.scientificamerican.com/article/are-microgrids-the-answer-to-city-disrupting-disasters/
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Exhibit 45 Benefits, Barriers, and Market Drivers to Microgrid Deployment

235

Benefits
• Microgrid can operate as a single collective load within the electric
power system
• Improved reliability
• Improved efficiency due to using smaller distributed generators such
as a small scale CHP [combined heat and power] , small scale
renewable resources
Barriers

• High Costs of Resources
• Requires sophisticated control systems
• Regulatory Barriers - whether Utility will own the microgrid
• Setting an Energy Pricing Structure
• Technological barriers that limit near term economies of scale for
microgrids
Market Drivers
• Secure Reliable Power
• Demand Growth
• Cyber Security
• Environmental Benefits
• Decreasing cost of PV,CHP,Wind Power
• Penetration of renewables at distribution grid level.

Integration of Smart Distribution Technologies – Conservation Voltage
Reduction (CVR) and Integrated Volt-Var Control (IVVC)
The current level of distribution losses in the Nova Scotia grid are around 6.6% (year 2013 actual
data)236. The primary goals of the following distribution system smart technologies are to reduce
distribution system losses and to better control end-user loads. Integration of some of the
technologies discussed below could yield good results in terms of reduction of losses and there have
been examples of successful implementation in the US.
CVR is the reduction of energy consumption as a result of the reduction of feeder voltage. Most CVR
schemes contain two fundamental components, reactive power compensation which is achieved
using shunt capacitors in order to maintain the power factor at the substation transformer within a
prescribed band, and voltage optimization which is achieved through the operation of substation
235
236

The business case for Microgrids White paper The New face of Energy modernization and ICF.
Nova Scotia Annual FAM Reporting, Year 2013.
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voltage regulators in order to regulate the voltage at the specific End of Line (EOL) points within a
prescribed range237 . As a result of the application of these two schemes, the peak load on the
distribution system is reduced and the annual energy consumption is reduced.
IVVC helps utilities optimize the power delivered to customers by effectively managing voltage and
power factor238. IVVC can help lower the average voltage on the distribution line within the set
voltage standards. The Volt /Var control maintains acceptable voltage along the distribution feeder
under all loading conditions.
As a result of CVRs reducing peak load and annual energy consumption, electrical energy is saved
which achieves the same system benefits as other energy efficiency measures (reduced
dependency on fossil fuels, reduced GHG emissions, etc.). At the same time, consumers benefit
through lower energy bills and quicker response to power outage. Finally, from a utility perspective,
CVRs lower system energy losses, and increase distribution transformer lifetimes239. IVVC reduces
the consumption of energy by customers, without adversely affecting the customers, and as such
utilities can reduce supply and the strain on the system during periods of peak demand240. Further,
with reductions in demand during peak periods, less efficient peaking plants such as single cycle
natural gas plants can be replaced with more efficient plants such as a combined cycle natural gas
plant which is generally used for intermediate periods.
As an example, the Northwest Energy Efficiency Alliance initiated a CVR pilot project across 6
utilities (31 feeders at 10 substations) for the impact of lower voltage on consumers. The Alliance's
analysis showed that voltage reductions of 2.5% resulted in energy savings of 2.1% (8,500 MWh)
without impacting the consumer power quality241.
The widespread implementation of CVR techniques is impeded by the shortage of engineering
resources required to implement CVR, the lack of financial models to analyze the financial aspects
of implementing CVR, and the lack of information on the effectiveness of CVR when applied to
different types of end-use customers (e.g., institutions, hospitals, residential households).
Further, utilities have expressed concern over customer response to reduced voltage. Utilities
believe that if customers came to know that the utility is manipulating the voltage, some customers
might begin to complain, regardless of whether or not they are experiencing voltage problems242. To
address this, many utilities implement a public relations campaign notifying consumers that CVR is
occurring, when in fact the system has been enabled but no changes outside of normal daily
variance has been impacted.

237

KP Schneider,FK Tuffner, JC Fuller, and R Singh, “Evaluation of Conservation Voltage Reduction (CVR) on a
National Level,” U.S. Department of Energy, July 2010,
http://www.pnl.gov/main/publications/external/technical_reports/PNNL-19596.pdf
238
Power factor measures the productive component of energy. It is a measure of performance and indicates how
much useful energy is transferred in the distribution grid.
239
Ibid.
240
“Smart Grid Economic and Environmental Benefits: A Review and Synthesis of Research on Smart Grid Benefits
and Costs,” Smart Grid Consumer Collaborative, October 8, 2013, http://smartgridcc.org/wpcontent/uploads/2013/10/SGCC-Econ-and-Environ-Benefits-Full-Report.pdf
241
Leidos, “Distribution Efficiency Initiative,” Northwest Energy Efficiency Alliance, December 2007,
https://www.leidos.com/NEEA-DEI_Report.pdf
242
Ibid.
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4.4

Potential Roadmap for System Optimization

Based on the previous discussions of near- and medium-term strategies for optimizing the
performance of the T&D system through the clustering of smart grid technologies, we present the
following set of technologies that hold the most potential for Nova Scotia in the near-, mid-, and longterm. The potential for synergies is also identified as we lay out the issues that will need to be
addressed in order to maximize the value for the overall system.
Exhibit 46 shows a potential sequencing of efforts with respect to near-term, mid-term, and long-term
time frames.
There are two “near term” categories: Foundation and Expansion. In this context, Foundation
implies that these are fundamentally essential components that serve a foundational role to all other
components within the exhibit. Expansion refers to a build out after the initial foundational
capabilities have been established.
As previously stated in Section 4.3, and as shown in Exhibit 46, we envision that an initial focus
would be placed on:




Distribution SCADA
AMI focused on endpoint consumption and integration with SCADA and EMS
Implementation of a basic EMS

With these foundational components in place, a number of consumer-centric initiatives can begin.
Anticipated near to medium-term expansion efforts could include:








Implementation of a mobile platform portal
Implementation of consumer alerts, SMS capabilities, and email notifications.
Advanced analytics permitting consumer energy analysis
The advanced analytics then permits focused marketing.
Data integration with other utility systems including the DMS, GIS, OMS, and other back office
systems.
Development and offering of DR programs
Integration of electric vehicles and polices to support such efforts.
Exhibit 46 Potential sequencing of System Optimization efforts with respect to near-term, midterm, and long-term time frames
Near-Term
Foundation

Near-Term
Expansion

Mid-Term
Expansion &
Development

Generation and Distribution
SCADA





AMI and integration with
SCADA and EMS





Energy Management System
(EE, DR, DSM)







Consumer Energy Analysis
and Focused Marketing (EE,
DSM)





Demand Response





© 2014

90

Long-Term
Expansion &
Development



icfi.ca

Emerging Electricity Technologies in Nova Scotia

Near-Term
Foundation

Near-Term
Expansion

Mid-Term
Expansion &
Development

Long-Term
Expansion &
Development

Integration with Utility
Systems (DMS, GIS)





Transportation Electrification







Distribution CVR/ IVVC





Storage Testing and
Integration





Microgrid





From a mid-term perspective, as the markets mature and as technologies improve, new efforts can
be undertaken in IVVC, storage, and if necessary, the development of specific microgrids.
Continuing expansion includes the EMS system, ensuring that controllable production and loads are
addressed, as well as continued integration of the DMS/GIS and OMS systems.
Finally, in context of the longer-term, certainly continuing support of the transportation electrification
of Nova Scotia is to be a supported activity, as well as continued integration and improvement of the
EMS, IVVC, storage, and microgrid technologies.

4.5

Description of Select Smart Grid Technologies

In this section we expand on a few of the smart grid technologies discussed previously and provide
some examples of deployment locally, nationally, and internationally along with a discussion of the
benefits and barriers for implementation.

4.5.1 Energy Management Systems
An energy management system (EMS) refers to the system of hardware and software-based tools
that enable electric system operators to monitor, control, and optimize the many components of the
electric system. The EMS serves a crucial role in a system that integrates RES, storage systems,
consumer loads, measurement and validation, and advanced signaling. The exhibit below shows the
conceptual relationships for an EMS as it could apply to Nova Scotia.
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Exhibit 47 Conceptual Relationships for an Energy Management System

DC to AC

Storage

·

Signaling of
Renewable
Energy Source
Availability

·

Real-time Constraints

PV Array

Wind

Electric
Vehicles

DMS – SCADA
(Constraints)

Substation 1

Utility Graphical
Information System
(GIS)

Advanced Analytics

Demand Response
(DR)

EVSE

·
·
·

·

Thermostats
Water Heaters
Household Appliances

Electric Vehicle
Control System
(EVCS)

·
Advanced Meter
Infrastructure
Energy Management
System (EMS)

Topological
Configurations and
Infrastructure
Specifications

·

Measurement &
Validation
Increased Consumer
Engagement

Source: ICF

EMS use real-time system data to monitor and subsequently control system components thereby
increasing reliability and improving the utilization of the electric system.
Typical EMS applications include Automatic Generation Control (AGC), and SCADA systems. AGC
uses real-time data to adjust generation output levels in order to maintain system frequency in
response to changes in system load. AGC systems can coordinate thermal, hydroelectric, and other
generation types, and can adjust generator outputs to take into account the most economical units to
operate while also respecting constraints related to the stability of the system. SCADA refers to
systems that gather and analyze real-time data such as current flow, line voltage, status of switches
and circuit breakers, and enable system operators to take components of the electric system online
or offline.
EMS systems are scalable, but early in the development and implementation of the EMS, basic
foundational architectures are established including sensory input (for example, SCADA, raw
voltage/current sensors, and AMI data), access to various utility systems (DMS, GIS, meter data
management systems (MDMS), etc.), and the ability to perform basic display, interaction, and
reporting functions. As the EMS matures and as it is connected to additional generation, RES,
loads, and storage mechanisms, advanced analytics play an increasing role in the value captured by
the system. While early implementations of the EMS may be manual in interpretation and the
subsequent signaling/notification of asset owners to participate in a given scenario, the eventual goal
is a “headless” operation where the EMS recognizes specific energy patterns across disparate
resources and is able to schedule interaction with generation, storage, and loads. This is an
advanced capability and is highly specific to available resources and interconnected systems.

Barriers to Deployment of EMS
Successful deployment of an EMS is largely dependent upon the existing infrastructure in terms of
sensors, communications, and back-office configuration, as well as the maturity of the business plan
that guides the overall program. “Greenfield” implementation, where little has been deployed (hence
interface requirements to existing infrastructure is low) is often viewed as the best scenario for
initially implementing the EMS in terms of cost effectiveness. Absent in these assertions are the
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complexities surrounding installation of sensors, communications, and information technology (IT)
systems to accommodate rapidly expanding generation, RES, and load configurations, so a systemwide energy master plan (EMP) is typically viewed as a major requirement. Constructing a thorough
EMP, which guides all aspects of the deployment and integration of technologies to achieve
business objectives, takes time and requires considerable interaction with stakeholders. The
practical side of socializing a project plan can have a significant impact on the deployment of an
EMS.
In contrast to the greenfield situation (where the number of legacy systems is minimal), the
deployment of an EMS into an existing infrastructure can be complicated. As is often the case,
generation, transmission, and distribution infrastructures are assembled over time using different
vendors’ equipments, and consequently, there exists different (and often proprietary) protocols for
communicating within their specific functions. Because the role of an EMS is to obtain information
from each of these disparate systems, perform specific calculations/formulate specific actions, then
communicate these actions to the appropriate assets, a significant undertaking in the implementation
of an EMS is the creation and testing of interfaces between disparate generation, RES, and loads.
While the vendors of modern systems have implemented interfaces such as OpenADR (as an
example only), many legacy systems are closed and legacy vendors are reluctant to allow
competitors the ability to control these devices.
A further barrier to deployment of an EMS is the issue surrounding existing service level agreements
(SLAs) between a vendor and the utility. Often, performance of a vendor’s subsystem is specified
and is contractually obligated. For example, in the case of an AMI system, there typically is a
backhaul requirement that stipulates that all assets in the field be read at least once per 8-hour or
24-hour period. Because the communications infrastructure is already in place, a natural tendency
would be to leverage available bandwidth within the communications infrastructure for portions of the
EMS system. Often though, the AMI SLA precludes the use of outside data on the network because
this could impact the vendor’s SLA obligations, and hence, a business-bottleneck is created while
the SLA agreement is being renegotiated.

EMS Deployment in Canada
EMS systems, particularly SCADA systems, already exist in most utilities but are generally
concentrated at the generation and transmission level. Little integration of the load-side, which is
naturally in the distribution component of operations, exists within most utilities. Additionally, RES
and storage components are typically located within distribution, so there is a natural gap that exists
in existing EMS deployments.
With respect to Canada, in 2010 the New Brunswick System Operator replaced its legacy
EMS/SCADA system supplied in the 1990s with a system developed by Open Systems International
that included advanced monitoring and optimization applications with functionalities such as state
estimating, power flow analysis, AGC, economic generation dispatch, reserve monitoring, and NERC
performance monitoring243.
In summary, development of an EMS system is a critical step towards integration of diverse RES,
storage systems, consumer loads, and advanced signaling to achieve a fully optimized T&D system.
The near-term strategy for Nova Scotia should include a focus on the establishment of a scalable
EMS architecture that eventually will meet the needs of a territory-wide EMS implementation.

243

“Canada Utility Replacing Energy Management and SCADA System,” T&D World Magazine, August 17, 2010,
http://tdworld.com/smart-grid/canada-utility-replacing-energy-management-and-scada-system
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4.5.2 Advanced Metering Infrastructure
Advanced Metering Infrastructure, or AMI, is not a single technology but rather is an integration of
many technologies that provide an intelligent connection between consumers and system
operators244. AMI enables two-way communication in contrast to unidirectional systems referred to
as AMR or Automated Meter Reading systems245. Exhibit 48 illustrates the evolution of AMR to AMI
by way of the additional functionality and features made available through the progressive
technologies246.
Exhibit 48 Evolution of Smart Meter Technology

247

AMI ( Full Two way)
- Integrated Service Switch

- Time based Rates
- Remote Meter
Programming

AMR Plus
- Daily or On Demand
Reads
- Hourly Interval Data

- Power Quality

- Outage Notification

- HAN Interface

- Other Commodity reads

AMR ( One way)
- Automated Monthly
Read
- One Way Outage
Detection- Last Gasp
- Tamper Detection
- Load Profiling

AMI empowers consumers to take charge of their electric energy demand needs while maintaining a
constant communication with their utility. AMI is an “intelligent” step towards modernizing the entire
power system248.

Components of Advanced Metering Infrastructure
As depicted in Exhibit 49 below, a general AMI system consists of the smart meter, a
communications link, and the meter data management system (MDMS) application to manage the
flow of data from the meter to the utility. A brief description of these basic system components
follows.

244

“Advanced Metering Infrastructure,” National Energy Technology Laboratory and the U.S. Department of Energy
Office of Electricity Delivery and Energy Reliability, February 2008,
https://www.smartgrid.gov/sites/default/files/pdfs/advanced_metering_infrastructure_02-2008.pdf
245
“Smart Meters and Smart Meter Systems: A Metering Industry Perspective,” EEI and AEIC Meter Committees,
March 2011, http://www.eei.org/issuesandpolicy/grid-enhancements/Documents/smartmeters.pdf
246
The functionality is additive.
247
An overview of Smart meters and Smart Meter Systems, Smart Meters and Smart Meter Systems: A Metering
Industry Perspective- An EEi-AEIC-UTC White Paper http://www.eei.org/issuesandpolicy/gridenhancements/Documents/smartmeters.pdf, Page 7 and ICF.
248
“Advanced Metering Infrastructure,” National Energy Technology Laboratory and the U.S. Department of Energy
Office of Electricity Delivery and Energy Reliability, February 2008,
https://www.smartgrid.gov/sites/default/files/pdfs/advanced_metering_infrastructure_02-2008.pdf
© 2014

94

icfi.ca

Emerging Electricity Technologies in Nova Scotia

Exhibit 49 AMI System Component Overview

249

Smart Meters
Traditional electromagnetic meters are used by the utility to simply record total energy consumed
over a period of time. Smart meters are capable of performing many more functions which offer
benefits to both the consumer and/or the utility, including:250










The ability to perform remote reads of registers to determine consumption at whatever periodicity
is desired by the utility. This capability improves reading accuracy and saves the utility a
substantial amount of revenue by eliminating or significantly reducing estimated billing.
Real time consumption levels which enable real-time pricing to be enacted for the consumer.
The generation of interval consumption data for both utility and consumer, which provides the
ability to better understand when consumption peaks (possibly coinciding with the highest costs
of delivery during the day).
Remote connect/disconnect capabilities which provide significant saving to the utility by
eliminating the need to change the status of a consumer’s service.
Theft detection.
Outage detection.
The possibility of communication within other smart devices at home.
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Analysis of AMI Deployment Plan, Technology Choice and Client Benefits submitted by Valutech Solution Inc. for
GRAME and The Quebec Energy Board; http://www.grame.org/Memoire_de_Edmund_Finamore_2011-12-07.pdf.
Permission to reprint sought, but not yet obtained.
250
Ibid.
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Communication Infrastructure
The AMI communication infrastructure enables continuous interaction between the utility and the
smart meter, and in some instances, the ability to communicate with the consumer.251 The
communication infrastructure serves as the foundation of the entire AMI. Various communication
media or combinations of media can provide the communication infrastructure including:252






Power line carrier (PLC)
Broadband over power line (BPL)
Copper or optical fiber
Wireless (radio frequency mesh, GPRS)
Ethernet

Meter Data Management Systems (MDMS)
The MDMS provides the capability to store and process data received from a smart meter253. Its
primary function is to provide accurate and complete data to the utility’s billing system. A secondary
objective is to provide specialized data to internal as well as third-party information systems even if
there is disruption in the communication system254. The MDMS assists utilities in gathering
information which is processed and off-loaded to systems to be used for billing calculations, load
forecasting, and customer service functions, etc. These capabilities help to ensure effective
operations within the utility and continuity of services being provided to the end-use customer255.

Benefits of AMI
Various interconnected utilities have investigated the possibility of implementing AMI infrastructure in
their region. One such utility, Ameren Illinois based in the state of Illinois, developed a cost/benefit
analysis of implementing AMI within their operating territory and summarized the benefits of
implementing AMI infrastructure256. These benefits are summarized under three main categories as
outlined in Exhibit 50.
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“Analysis of AMI Deployment Plan, Technology Choice and Client Benefits,” Valutech Solutions Inc., December 7,
2011, http://www.grame.org/Memoire_de_Edmund_Finamore_2011-12-07.pdf
252
“Advanced Metering Infrastructure,” National Energy Technology Laboratory and the U.S. Department of Energy
Office of Electricity Delivery and Energy Reliability, February 2008,
https://www.smartgrid.gov/sites/default/files/pdfs/advanced_metering_infrastructure_02-2008.pdf
253
“Analysis of AMI Deployment Plan, Technology Choice and Client Benefits,” Valutech Solutions Inc., December 7,
2011, http://www.grame.org/Memoire_de_Edmund_Finamore_2011-12-07.pdf
254
“Advanced Metering Infrastructure,” National Energy Technology Laboratory and the U.S. Department of Energy
Office of Electricity Delivery and Energy Reliability, February 2008,
https://www.smartgrid.gov/sites/default/files/pdfs/advanced_metering_infrastructure_02-2008.pdf
255
“Analysis of AMI Deployment Plan, Technology Choice and Client Benefits,” Valutech Solutions Inc., December 7,
2011, http://www.grame.org/Memoire_de_Edmund_Finamore_2011-12-07.pdf
256
“Advanced Metering Infrastructure (AMI) Cost Benefit Analysis,” Ameren Illinois, June 2012,
http://smartgridcc.org/wp-content/uploads/2012/08/Ameren-Ex.-3.1-AIC-AMI-Cost-Benefit-Analysis-Revised.pdf
© 2014

96

icfi.ca

Emerging Electricity Technologies in Nova Scotia

Exhibit 50 AMI Benefits Summary

257

From a consumer benefits perspective, implementation of AMI was found to promote higher
accessibility and connectivity of the consumer to real time data so that the consumers can make
better decisions regarding their power consumption. This, in turn, promotes reliability, enhances
power quality, and ensures that the consumer is getting the best service from the utility258.
From a utility perspective, AMI helps the utility to gather accurate information so that resources can
be managed more efficiently. AMI provides the utility with real time access to individual meters
power supply information which can help track outages to the meter level. When paired with alarm
and alerting functions, these functions increase reliability as the utility will get immediate notification
of power outages. When combined with the utility’s outage management system as well as their
graphical information system, repair crews can be dispatched immediately to repair service in the
affected area. AMI also enables the ability to remotely connect or disconnect service, thereby
allowing the utility to manage customer accounts more promptly and efficiently259. This feature would
be extremely beneficial for an isolated system such as Nova Scotia’s.
From a social benefits perspective, AMI promotes the implementation of DSM programs, enabling
load reduction or load shifting during peak hours260. DSM programs that leverage the use of
advanced technologies, such as AMI, have the potential to play a significant role in reducing Nova
Scotia’s dependence on fossil fuels. Reducing or shifting loads from peak hours reduces the need
to construct new generation units to serve the infrequent times of peak demand over the year261.
257

Advanced Metering Infrastructure AMI cost benefit Analysis, prepared by Ameren Illinois Corporation.
“Advanced Metering Infrastructure,” National Energy Technology Laboratory and the U.S. Department of Energy
Office of Electricity Delivery and Energy Reliability, February 2008,
https://www.smartgrid.gov/sites/default/files/pdfs/advanced_metering_infrastructure_02-2008.pdf
259
Ibid.
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Ibid.
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“Analysis of AMI Deployment Plan, Technology Choice and Client Benefits,” Valutech Solutions Inc., December 7,
2011, http://www.grame.org/Memoire_de_Edmund_Finamore_2011-12-07.pdf
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This also provides ecological benefits by reducing the ecological footprint as compared with
constructing new energy sources.262

Barriers to Deployment of AMI
A number of concerns have been raised in the past regarding implementing AMI. An analysis carried
out by the National Energy Technology Laboratory identified some of the challenges that may be
encountered while deploying AMI programs. These challenges are summarized in Exhibit 51
below.263
Exhibit 51 Barriers to Implementing AMI

264

Standards
•Standards are needed to ensure performance and ultimately promote interoperability
between different AMI technologies.

Consumer Education
•Consumers need to be educated regarding the benefits of AMI and the societal benefits
that come from grid modernization.

Technical Resources
•Technical expertise is needed to implement AMI and other smart technologies.

Regulatory Barriers
•Ovelapping federal, regional, state, and even municipal agencies can slow down the
implementation of AMI technologies.

Rate Designs
•Current ratemaking structures make it difficult to roll out new technologies. It is seen that
utilties which adopt energy-saving systems often see a drop in energy sales.

Financial Constraints
•It may be difficult for utilities to find room in their budgets for the initial capital needed to
implement AMI.

Technological Barriers
•Upgrades have to be installed efficiently. It is difficult to install new technologies while
maintaining full system operation at the same time.

Security challenges of AMI systems also represent a barrier to their more widespread
implementation. The interface between the smart meter and the communications network
introduces significant security vulnerabilities and this has greatly slowed the adoption of
communicating in a bi-directional sense between devices in the home and the AMI network. At best,
the link between the smart meter and the communications network is bidirectional with severe
limitations, and at worse, the communications from the smart meter are unidirectional from the meter
to the communications network except for very concise status bits.

262

Ibid.
“Advanced Metering Infrastructure,” National Energy Technology Laboratory and the U.S. Department of Energy
Office of Electricity Delivery and Energy Reliability, February 2008,
https://www.smartgrid.gov/sites/default/files/pdfs/advanced_metering_infrastructure_02-2008.pdf
264
What Barriers impact successful deployment of AMI? Advanced Metering Infrastructure prepared for the US
department of Energy. Page 20 and ICF
https://www.smartgrid.gov/sites/default/files/pdfs/advanced_metering_infrastructure_02-2008.pdf
263

© 2014

98

icfi.ca

Emerging Electricity Technologies in Nova Scotia

AMI Deployment in Canada
Hydro One, in Ontario, Canada, began initial deployment of smart meters in 2006 and by 2008 had
surpassed 700,000 meters installed265. Currently, more than 1.3 million smart meters have been
installed throughout the Hydro One system, achieving Ontario’s target of having a smart meter in
every home and small business by the end of 2010. A time-of-use electricity pricing structure was
simultaneously introduced by the Ontario Energy Board to work in conjunction with the smart meters
to help consumers manage their energy costs. In late 2013, the Ontario Energy Board released a
study that attempted to estimate the effect of the smart meters and time-of-use rates on the timing of
electricity consumption. This study found that the residential summer peak demand was reduced by
somewhere between 3 and 5 percent as a result of the implementation of time-of-use rate266.
BC Hydro launched its Smart metering program in reference to the British Columbia Clean Energy
Act in January 2011267. BC Hydro’s deployment of smart meters was met with a significant amount
of opposition, with customers citing concerns over health and privacy issues, but by mid-2013 96 per
cent of BC Hydro’s customers had switched to the new meters, resulting in 1.8 million meters in use
around British Columbia. BC Hydro has worked hard to educate its customers on the amount of low
level radio frequencies emitted by the smart meters and the results of scientific research regarding
the health or environmental effects from exposure to those radio frequencies. According to this
research, smart meters operate at significantly lower radio transmit power than cell phones and are
active much less frequently, and there are no known health risks or cause for concern over radio
frequencies emitted from normal cell phone usage268. As such, BC Hydro asserts that there are no
causes for health concerns over the deployment of smart meters.
There have been some examples of AMI deployment in Nova Scotia. For instance, in the 20092010 timeframe the Berwick Electric Commission initiated a project that involved installation of 220
electricity meters to better monitor usage of electricity269. More recently, in 2013, the town of
Lunenburg, which operates its own electric utility, launched a smart meter pilot project270. In
general, there has been minimal development of AMI across the province and significant room for
additional growth for this technology.
In summary, AMI provides an intelligent connection between consumers and system operators,
empowering consumers to take charge of their electric energy demand needs while enabling the
more efficient and reliable operation of the electric system. AMI systems are considered a
foundational component of a highly optimized and efficient T&D grid system, and can also be
leveraged to provide the springboard for new initiatives to directly support EE and DSM activities in
Nova Scotia in the near term. While there has been minimal development of AMI across the
province, there exists significant room for growth for this technology.

4.5.3 Energy Storage
The deployment of renewable energy resources continues to grow in response to advances in
technology, reduction in costs, and continued emphasis on initiatives that reduce dependency on
265
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fossil fuels and greenhouse gas emissions in the electric sector. However, the variable and
uncertain output of wind, tidal, and solar resources, in particular, poses a significant challenge to
maintaining grid reliability while trying to integrate significant amounts of these resources into the
electric grid. Energy storage technologies have the ability to store power produced from variable
generating resources, like wind, tidal, and solar, during times of peak production and low system
demand so that the energy can be dispatched at a later time when system demand has increased.
This provides a means to properly integrate and deploy variable generating resources, thereby
improving grid reliability and asset utilization. With a provincial target of 40% of electricity supply to
come from renewable resources by 2020, energy storage solutions would be extremely beneficial in
helping Nova Scotia to maintain grid stability and integrate variable generation resources more
effectively into the grid.
A number of energy storage technologies are available today, and the selection of the most
appropriate storage technology for deployment depends on a number of factors, including:














Demand pattern of connected load
Electrical transmission and distribution infrastructure
Specific site requirements (e.g., compressed air storage requires significant geological
surveying, while chemical batteries may require a temperature-controlled enclosure)
Power vs. energy requirements (e.g., some storage technologies have large energy capacity but
cannot deliver the energy in a rapid fashion, limiting power availability while some have large
power delivery capabilities but lower energy density, limiting the duration they can provide
supply)
Duration required to protect critical loads
Local energy market opportunities
System capital and operating costs (some storage technologies have ongoing maintenance
requirements)
Roundtrip efficiency
Annual performance degradation & useful product life
System size/weight
Environmental implications (including disposal)
Cybersecurity protections

While some energy storage technologies have been around for decades, improved, cost-effective,
fast-responding energy storage resources equipped to connect to the transmission network have
advanced recently. These resources are well-suited to provide stability to the grid by increasing or
decreasing dispatch reliably.
The following sections provide a brief overview of commercially available energy storage
technologies, key benefits, differentiators, local and international examples of deployment. The
descriptions of the technologies are not intended to be comprehensive, but rather are intended to
provide an overview of the options available and key characteristics of each technology.

Pumped Hydro Storage
Pumped hydro storage has been a proven energy storage technology for the last several decades
around the world. Pumped hydro uses large, aboveground reservoirs to store water at various
elevations. The plant draws energy from the grid to pump water from the lower to the higher
reservoir. When the operator allows the water to run back down to the lower reservoir, the force
propels a water turbine that powers the generator shaft, thereby producing power.
Pumped hydro plants consume more power than they generate. To account for this inefficiency,
during off-peak periods the plants use low cost power to pump water from the lower reservoir to the
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higher reservoir. Then, when the spread between on-peak and off-peak prices exceeds the cost of
pumping the plant releases the water to generate electricity. By purchasing power in the off-peak
and selling it in the on-peak, storage resources can effectively arbitrage prices. The economics of
pumped hydro as just described is illustrated in Exhibit 52.
Exhibit 52 Economics of Pumped Hydro

271

Pumped hydro can be a useful resource for wind integration since wind power plants typically
dispatch more energy during off-peak periods than during peak periods. Since the demand during
these periods is low, wind plants often need to be curtailed so that they do not adversely affect the
system stability. Pumped hydro energy storage stations can use the off-peak energy generated by
wind plants such that the wind plants do not have to be curtailed and the large amount of energy that
they would dispatch during off-peak periods can be stored and dispatched during periods of high
demand. This presents another advantage. With the stored energy available, fossil-fueled
conventional peaker units need not be dispatched during peak demand periods. The demand can be
serviced using much more efficient units such as combined cycle combustion units and the energy
stored by the pumped hydro station. Additionally, the fast response capabilities of pumped hydro
plants enable these facilities to be used to respond quickly to fluctuations in the output of the wind
plants in order to maintain a steady supply of power to meet load. The newer adjustable-speed
pumped hydro plants are even more efficient than conventional pumped hydro plants and can
provide fast response regulation services to the grid272.
Pumped storage projects typically take many years to complete. Other impediments such as
geographical restrictions, and high cost of construction involved in deploying pumped storage
systems limit their widespread deployment. There could also be environmental impacts of pumped
hydro stations, especially if deployed in a river, which can impact the flora and fauna of the region.
271
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The operational characteristics of pumped storage could be attractive for Nova Scotia considering
the forthcoming wind integration-related challenges and the positive potential for constructing
pumped hydro plants within the province. For example, recently there has been some discussion
around developing pumped hydro at the Wreck Cove generation station, the largest hydro facility in
the province. Still, the challenges associated with developing pumped storage facilities likely make
this energy storage technology a more likely option down the road given that Nova Scotia will have
access to the Maritime Link for balancing energy in order to help integrate its renewable resources.
As Nova Scotia’s renewable energy portfolio continues to increase, though, pumped hydro might
serve as a valuable tool in enabling the export of renewables from the province via the Maritime
Link.

Compressed Air Energy Storage (CAES)
CAES plants typically utilize large underground or aboveground caverns to store air that is
compressed during off-peak periods. The compressed air is fed into a natural gas-fired expander or
combustion turbine (CT) to provide power back to the grid during peak periods, following a similar
price arbitrage scheme as pumped hydro plants. In addition, CAES plants have a quick ramping
capability so they can provide a fast response when grid operators need ancillary services. Exhibit
53 illustrates a simplified schematic of typical CAES plant.
Exhibit 53 Simplified Schematic of CAES Plant

273

Underground CAES plants are most cost-effective with capacities up to 400 MW and discharge
times of 8 to 26 hours274. Aboveground CAES plants are of a smaller capacity, on the order of 3 to 15
MW, and discharge for 2 to 4 hours. The siting of CAES plants with aboveground storage systems is
easier than underground storage CAES plants, but the incremental cost associated with
aboveground storage makes it more expensive to build (on a US$/kW basis)275.
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CAES systems can store the energy generated by wind plants during off-peak periods and then
dispatch stored energy during off-peak periods. During periods of high demand, CAES systems
combined with more efficient combined cycle units can dispatch energy to satisfy peak demand.
In Nova Scotia, Alton Natural Gas Storage LP is evaluating the potential for a CAES system in Truro
Nova Scotia. The location would consist of a high deliverability salt cavern storage facility with up to
4 caverns of compressed air storage, which would allow for 8 to 24 hours of storage. Electric motor
driven compressors would be used to push air into salt caverns and fast response gas or bio-diesel
fired generation would use previously compressed air to recreate stored energy276.
CAES systems utilizing underground caverns as storage reservoirs are limited in both size and
location by the size and geographical location of these underground caverns. If a larger system is to
be designed using storage tanks it would drive up the costs of the CAES facility significantly. CAES
also requires additional fuel such as natural gas in the compression and expansion process which
offsets some of the benefits provided by renewable resources as CAES systems require some
amount of fossil fuels for compression and expansion of the compressed air.
In general, compared to pumped storage, CAES facilities have a shorter construction time (around
three years), require less capital expenditure, but have a lower round-trip efficiency and higher
operating costs primarily due to fuel costs.

Light Sail Energy Storage
One of the most recent technological developments in the field of energy storage was made by
LightSail Energy, which found a unique way of improving the efficiency of compressed air energy
storage solutions. The technology utilizes an innovative way to harness wasted heat by injecting a
fine dense mist of water spray into the compression chamber to rapidly absorb the heat energy of
compression. The heat stored by the mist is stored for later use. During the expansion of air, the
stored hot water is sprayed into the expanding air and is converted back to mechanical energy. The
storage of air is done using low cost air storage tanks, packaged in a shipping container form
factor277.
Lightsail Canada will be applying to the Atlantic innovation Fund to help finance a $4.6 million pilot
facility which will store energy produced at a wind farm near Liverpool, Nova Scotia (originally
proposed for New Glasgow)278. The 3.6 MW wind project would be part of the Community-Based
Feed-in Tariff (COMFIT) program. The project will have three or four turbines and is slated to begin
producing in 2014. The storage component is likely to include a 500kW or a one Megawatt
generating unit and four to six storage tanks each measuring 12 meters long279.
In general, the technology is in very early stages of development and testing. As a result, its relative
ease of application for Nova Scotia and examples of deployment in other regions are limited.
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Flywheels
Flywheels store kinetic energy in heavy spinning cylinders. When a grid operator sends a signal that
requests the system to absorb power, the flywheel uses power from the grid to drive the motor,
which in turn, spins the flywheel. When a signal is sent for electrical power to be provided, the
momentum of the spinning flywheel drives the generator and the kinetic energy is converted into
electrical energy for release to the grid. Flywheels have a very fast response time of 4 milliseconds
or less, very high efficiencies of about 93%, and lifetimes estimated at 20 years280. Flywheels are
best suited for fast regulation services because they can respond instantaneously and accurately to
system signals, rapidly adjusting and alternating between output and input281. The relative newness
of flywheel technology and costs/benefits are common limitations with respect to deployment of
flywheel technologies for wind integration applications.
In Canada, the Clear Creek Flywheel Wind Farm Project is a 5 MW energy storage technology that
is currently under construction. The project is located in Norfolk County, Ontario and will be deployed
to provide renewable energy integration support in Ontario. The project consists of 10-flywheels and
will provide local power quality support by balancing real and reactive power flows from a 20MW
wind farm282. A similar system could also be deployed in Nova Scotia to provide power quality
control for wind projects being developed in the region.
Another good example of flywheel energy storage is located in Australia283. The Marble Bar
PowerStore Flywheel Project, located in Marble Bar, Western Australia, is an operational project
rated at 500kW. The project is a compact and versatile flywheel based grid stabilizing generator. Its
main purpose is to stabilize power systems against fluctuations in frequency and voltage. In the US,
the Beacon Flywheel Frequency Regulation Plant, located in Hazle Township, Pennsylvania is an
operational 6 MW flywheel project. The system provides frequency regulation services to the grid
operator. The flywheels store excess energy when the generation exceeds the load and returns the
energy to the grid during periods of high demand.

Battery Storage
Batteries have emerged as one of the most flexible energy storage options, offering a range of
capacity, duration, and energy capabilities. Various types of electro-chemical batteries are being
used for energy storage, including lead-acid, advanced lead-acid, flow, liquid-metal (sodium sulphur
and sodium nickel chloride), nickel-cadmium, and lithium-ion batteries. Batteries offer several key
benefits, including limited locational constraints, quick response times, and high efficiency levels
(90% or higher)284. Those battery technologies best suited for use in grid energy support are
discussed below.


Lead-Acid Batteries: Lead-acid batteries are the most commercially successful energy storage
system in use today. The lead-acid battery consists of lead electrodes immersed in a solution of
sulfuric acid. The lifetime of lead-acid batteries varies with discharge rate and number of deep
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discharge cycles. Advanced lead acid batteries, which have improved durability and a number of
discharge cycles, are also gaining popularity285.
In the US286 , Metlakatla Power and Light has a battery energy storage system installation with a
capacity of 1 MW located in Alaska. It is capable of supporting 800 kilo-Volt Amperes (kVA)
continuous loads.


Vanadium Redox Flow Batteries: Vanadium redox batteries are the most technically mature of
all the flow battery systems available. Flow batteries are well-suited for large systems because
they are scalable and allow flexibility in system design. In Vanadium redox flow batteries, the
electrolyte flows to a redox cell with electrodes to generate electricity, and the electrochemical
reaction can be reversed to recharge the battery. Like other flow batteries, many variations of
power capacity and energy storage are possible depending on the size of the electrolyte tanks.
Vanadium redox batteries can be designed to provide energy from 2 to more than 8 hours. The
lifespan of flow-type batteries is not strongly affected by cycling287. Yokohama Works288 located
in Yokohama, Kanagawa, Japan is an operational, 1MW plant consisting of 28 units of
concentrated photovoltaic (CPV) and a redox flow battery (1MW provides 5 hours storage). The
facility functions as a renewable energy source and a storage facility of electric power generated
by the CPV units. The system utilizes an energy management system to monitor the amount of
power generated by the CPV and the battery storage levels and power consumption. This allows
for better management of the stored energy and allows for more efficient use of the storage
facility.



Zinc-Bromine (Zn/Br) Batteries: Zinc-bromine is another type of redox flow battery, attractive
for large-scale energy storage systems since it has a relatively low cost. The battery uses zinc
and bromine in solution to store energy as charged ions in tanks of electrolytes. The zincbromine flow battery combines two technologies and thus has 2 to 3 times the high energy
density of a lead-acid battery289. The zinc-bromine battery is suitable in storage applications that
require deep and long cycle lives. Zinc-bromine batteries are relatively less mature than
vanadium redox flow batteries, and worldwide, they have a very limited history of deployment290.
These batteries can be used in microgrid applications as demonstrated in the 500kWH energy
storage system for use in a microgrid application for the Galvin Institute’s “Perfect Power” system
at the Illinois Institute of Technology Campus in Chicago, Illinois291.



Sodium Sulfur (NaS) Batteries: Sodium sulfur batteries consist of liquid sulfur at the positive
electrode and liquid sodium at the negative electrode, and the active materials are separated by
a solid beta alumina ceramic electrolyte. The battery temperature is kept between 300 °C and
350 °C to keep the electrodes molten292. Sodium sulfur batteries are highly efficient (AC-based
round-trip efficiency is about 80%) and finding applications in electric utility distribution grid
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support, wind power integration, and high-value service applications on islands293. NaS batteries
are quite costly, but scaling up mass production facilities could result in decreased costs294.
Currently, these batteries are used in the BC Hydro Energy Storage 1MW, Operational Plant295
located in British Columbia. The battery system is able to operate in an islanded mode and
provide backup power to Field, British Columbia. It is set up to discharge over peak hours every
day and recharge every night.

Emerging Technology - Power-to-Gas Energy Storage
All energy storage technologies strive to efficiently store excess electrical energy for use at a later
time, but through the use of different mediums in which the electrical energy is stored. Power-to-gas
storage technologies convert electrical power into a gas fuel, typically hydrogen or methane, which
can then be injected (stored) into the natural gas system. Similar to other storage technologies,
power-to-gas systems are seen as viable adjuncts to renewable energy facilities because they can
make use of power generated by these resources during the off-peak to supplement the energy that
is needed to meet demand during the on-peak.
Power-to-gas systems are still a developing technology so there is little information regarding the
achievable efficiency and scalable cost of this storage technology, and only a few actual facilities are
currently in operation, and primarily in Europe. The U.S. National Renewable Energy Laboratory
conducted an analysis of hydrogen for energy storage in 2010 and found that, as compared to
competing storage technologies, hydrogen is competitive with batteries in terms of the levelized cost
of output electricity produced, and could be competitive with CAES and pumped hydro in locations
that are not favorable for these technologies296. However, it was noted that the round-trip efficiency
of the hydrogen storage technology was only about 50% and the technology was relatively sensitive
to electricity price.

Comparison of Energy Storage Technologies
As described previously, different energy storage technologies are capable of providing a range of
grid services based on their operational and performance characteristics. The functionality and
applicability of each of these storage technologies are described in Exhibit 54. As is demonstrated
by the exhibit, the breadth of technologies provide for a wide variety of applications ranging from
power quality to bulk power management.
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Exhibit 54 Discharge Times of Energy Storage Technologies

297

CAES and pumped hydro are usually designed to be of large capacity with longer dispatch times; in
contrast, batteries and flywheels have smaller capacities with shorter durations of discharge.
Because of their larger capacities and longer discharge times, pumped storage and CAES systems
can participate in wholesale and ancillary markets. They are also used for storing energy generated
by intermittent resources such as wind power plants. However, the viability of these storage systems
is highly dependent on the geographical features of the location selected for the resource.
Storage batteries are usually designed for smaller systems and smaller discharge times, and as
such, they are particularly useful in microgrid applications.298
Performance characteristics together with capital and operating costs also determine the
technologies suited for specific applications. For example, the regulation services which are part of
ancillary services responsible for maintaining grid frequency and grid stability require fast response
times (higher ramp rates). In this application, batteries may be better suited to provide these services
as compared to pumped hydro storage or CAES technologies as they have slower response times.
A comparison of the costs associated with the energy storage technologies previously described is
provided in Exhibit 55.
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Exhibit 55 Comparison of the Costs Associated with Energy Storage Technologies

Technology Option

System
Size (MW)

2011 Total
Estimated LCOE
Installed Cost
($/MWh)
($/kW)
Bulk Energy Storage to Support System and Renewables Integration
Pumped Hydro
280
1800-2050
200-250
CAES
180
900-1000
150-170
50
1000-2000
170-250
Sodium-Sulfur
50
2800-3200
270-350
Advanced Lead-Acid
50
1850-4900
250-650
Zn/Br Redox
50
1700-1900
250-270
Vanadium Redox
50
3200-4050
450-550
Technology Option

System
Size (MW)

2011 Total
Installed Cost
($/kW)

Estimated LCOE
($/MWh)

1-10
1-10

1950-2200
2850-3250

270-350
250-290

1-10
1-10
1-10
1-10

2100-5200
1850-3000
3200-3850
1100-6050

300-1450
250-1000
500-650
700-1600

Substation/Feeder Grid Support

CAES
Sodium-Sulfur
Advanced Lead-Acid
Zn/Br Redox
Vanadium Redox
Li-ion
Technology Option

2011 Total
Installed Cost
($/kW)
End-of-Line Grid and End-User Energy Management
Advanced Lead-Acid

Zn/Br Redox
Li-ion

System
Size (kW)

50-100
2-10
50-100
2-10
50-100
2-10

2500-4600
6300-6500
2800-4500
5000-11700
1700-5700
7600-13100

Estimated LCOE
($/MWh)

400-800
1000-1900
700-1300
800-2200
450-1400
1300-3100

Note – Wide ranges of costs are technology-specific and a function of the hours of storage available for the technology and the
maturity of the technology. LCOE means the levelized cost of energy.
Source: Dan Rastler et al., “Energy Storage System Costs,” Electric Power Research Institute, February 22, 2012,
http://www.eosenergystorage.com/documents/EPRI-Energy-Storage-Webcast-to-Suppliers.pdf
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Barriers to Large Scale Deployments of Energy Storage Resources
The large scale deployment of energy storage resources is contingent upon the resources becoming
more cost competitive, demonstrating consistent performance, developing proven safety records,
and overall industry acceptance of the technologies.
With regard to costs, total costs of energy storage systems (which include subsystem components,
installation, and integration costs) have to be cost-competitive compared to other non-storage
options. Currently, there is a strong focus on reducing the cost of the storage components, as 30%
to 40% of the total system cost will be the cost of the storage component. In some cases, more
technology development is needed to lower the capital cost of the storage technologies. To achieve
economic viability, however, the storage systems must be able to access several revenue streams,
and in order to accomplish this the value of the storage system needs to be quantified for the various
services it will provide the grid299. For example, an energy storage system might be able to provide
regulation services, and at the same time potentially defer transmission investments. Each benefit
capable of being provided by a storage technology can be quantified and valued such that the
aggregation of complementary benefits may overwhelm the installed cost of the technology. The
“stacking” of benefits must be done carefully, however, because the benefits might not be additive;
the benefits must be modeled together in an integrated fashion, since providing some benefits in a
particular hour will necessarily preclude achieving other benefits in that same hour.
In order to validate the performance and safety of energy storage technologies, unified methods for
evaluating the performance of storage systems, and setting acceptable standards and codes for
these systems need to be established. Concern for the safety of operations of energy storage
systems will be a barrier when these resources are deployed near urban areas or near other grid
components such as substations. To mitigate these concerns, safety standards should be
developed and codified together with safety testing procedures for the various storage technologies.
Finally, due to the limited number of operational energy storage technologies, there is uncertainty
about the usage and performance of new storage technologies over time. In general, typical utility
transmission and distribution planning does not consider energy storage as an option. By integrating
storage technologies in the planning tools used by the power industry, it can boost energy storage
technologies as a viable option for consideration in grid management.
In summary, energy storage technologies have the ability to store power produced from variable
generating resources, like wind, tidal, and solar, during times of peak production and low system
demand so that the energy can be dispatched at a later time when system demand has increased.
This provides a means to properly integrate and deploy variable generating resources, thereby
improving grid reliability and asset utilization. With advancements in technologies and potential cost
reduction, storage could play a significant role for RES integration in Nova Scotia in the mediumterm.

4.5.4 Microgrids
Microgrids are excellent choices for improving the resiliency of critical infrastructure including
hospitals; emergency operation facilities such as fire departments, police stations, schools, and
community storm shelters; communications networks; transportation systems; and key local
government facilities such as city halls and public works.
Microgrids manage electrical loads using local generation, energy storage, and existing control
systems, such as Building Management Systems (BMS). Although microgrids can increase energy
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“Grid Energy Storage”, U.S. Department of Energy, December 2013,
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resiliency by ensuring that critical infrastructure remains operational during a grid outage, microgrids,
like other capital investments, must be economically feasible. Thus, designing an economicallybeneficial microgrid and providing accurate installed cost estimates are key factors in determining
whether or not a microgrid will be viable. Several factors have recently emerged that are improving
the economic viability of microgrids. These factors include advancements in generator technology
(e.g., higher efficiencies and lower emissions), availability of ancillary equipment (e.g., microgrid
controllers, automatic transfer switches, and load management systems), and attractive forecasts for
relatively low cost natural gas.

Types of Microgrids
Microgrids can be classified into the following categories.
Private industrial and commercial microgrids - These microgrids are privately owned and
operated with limited utility interactions. The primary focus of these systems is to supply industrial
and commercial businesses with a reliable power supply. Campus environments or institutional
microgrids also fall under this category. With regard to campus microgrids the focus is on
aggregating on-site generation with the multiple loads that are located in the campus or institutional
premises (example industrial park). Campus/Institutional microgrids show large potential for
development as it is noted that a system spread over a small area is easier to manage and would
avoid many regulatory obstacles found in other microgrid types300.
The University of Sainte-Anne located in Digby county of Nova Scotia is a good example of a private
microgrid system. The university employed the services of Seaforth Energy to install a power
generating system on campus. Seaforth Energy installed solar panels, a wind turbine, and a new
biomass furnace, which would together help reduce the university’s annual electricity expenditure.
The power generated by the wind turbine would be directly added to Nova Scotia’s power grid, and
the solar panels and the biomass turbine would be utilized for heating water301. A second wind
turbine was added by the university in order to take advantage of Nova Scotia’s COMFIT program.
COMFIT allows small wind producers to sell power into the power grid. The program will provide the
necessary boost for the deployment of microgrid applications throughout the province. For large
commercial and industrial loads that are located far away from urban areas, the possibility of
operating them as independent microgrids is especially attractive.
Government microgrids - Government microgrids are often found on military bases, and focus
strongly on energy reliability. Government-owned microgrids often try to improve the economics of
operation by operating in parallel with the utility grids302.
Utility-deployed microgrids - Electric utility companies may deploy microgrids to serve customers
with special local requirements. Deregulated utilities will work with distributed energy resource
aggregators and offer their expertise to microgrid owners so as to increase the beneficial interactions
between the microgrid and the main grid303.
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Remote “off-grid” microgrids – Remote microgrids are those that operate in island mode and
never connect to the main electric power system. The remote microgrid might be a viable alternative
on Pictou Island in the province of Nova Scotia. Island communities, if not connected to the mainland
grid, need to be independent in terms of satisfying their energy needs. Depending on the size and
resources available on these islands, the go-to energy solution for these off-grid communities are
typically diesel generators. By utilizing smaller renewable energy generators such as micro wind
turbines and battery storage technologies these communities can reduce their dependence on diesel
generators and have a cleaner energy infrastructure.
An example of a remote island microgrid is found in Miyako Islands, Japan and is operated by the
Okinawa Electric Power Company (OEPC). Miyako Islands are located approximately 2,000km from
Tokyo, and they primarily depend on diesel based power generator, which has prompted the need to
reduce CO2 emissions. OEPC started operations of a microgrid in Miyako Islands so as to control the
supply of renewable energy, including from solar and wind resources, that would be used to achieve
targeted reductions in CO2 emissions. These sources are intermittent, and heavily dependent on the
weather, and would otherwise cause power quality and stability issues on the small islands
independent of the grid304. The microgrid demonstration project on the island seeks to demonstrate
the ability to provide a stable power supply with the integration of a large number of renewable
energy resources by developing storage batteries, control devices, and other technologies to be
used in the integration of the renewable resources.
Another international example of a microgrid is found in the municipality of Carros, Nice, France and
it, too, demonstrates the management of large integration of solar power generation and electricity
storage capacities. The microgrid project uses innovative forecast algorithms to maintain reliability
and efficiency in the system305.

Economics of Microgrids
The relative economics involved in the implementation of microgrids can be broken down into the
cost components described in Exhibit 56.
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“Renewable energy integration to remote island grids- Miyako Island,” The Okinawa Electric Power Company,
Incorporated (OEPC), May 26 2012,
http://www.irena.org/documentdownloads/OkinawaMay2012/11_Shinji%20Uehara_Okiden.pdf
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Exhibit 56 Economics of Microgrids
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In order to bring down costs for deployment of microgrid technology, the costs of all components in
the microgrid have to be brought down307. The Exhibit does indicate, however, that the energy
resources in the microgrid constitute the largest component of the microgrid investment. This
breakdown does not necessarily reflect the cost breakdown of all microgrid projects. The costs for
individual projects depend heavily on the characteristics of the individual microgrid project, such as
the size of the project and the level of communications and control needing to be implemented.
The relative economics of microgrids and applicability for Nova Scotia are limited and would likely
need to be assessed on a case by case basis. For example, in order to provide continuity and
security of electric supply to mission-critical loads, the province may choose a microgrid setup for
certain locations. However, this technology has minimal impact in terms of enabling wind integration
or addressing some of the broader challenges facing the Nova Scotia power system.
In summary, microgrids can increase energy resiliency by ensuring that critical infrastructure
remains operational during a grid outage, but, like other capital investments, must be economically
feasible. Thus, designing an economically-beneficial microgrid and providing accurate installed cost
estimates are key factors in determining whether or not a microgrid will be viable. Several factors
have recently emerged that are improving the economic viability of microgrids including,
advancements in generator technology, availability of ancillary equipment, and attractive forecasts
for relatively low cost natural gas. Still, the relative economics of microgrids and applicability for
Nova Scotia are limited and would likely need to be assessed on a case by case basis.
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4.5.5 Demand Response
The US Federal Energy Regulatory Commission describes Demand Response (DR) as “changes in
electric usage by end-use customers from their normal consumption patterns in response to
changes in the price of electricity over time, or to incentive payments designed to induce lower
electricity use at times of high wholesale market prices or when system reliability is jeopardized”308.
Historically, DR has been used primarily to shave system peak demand in order to ensure system
reliability, but more recently DR is being considered for a wide variety of new applications to support
reliability as a result of dynamically-changing grid conditions including the increased use of
renewables309. To meet the increasingly dynamic needs of the grid, however, DR must be fast and
reliable. As discussed in earlier sections, this can be accomplished by combining DR together with
advanced automation and interval energy usage provided by technologies such as AMI. Increasing
the response time, availability, and dependability enables DR to be used as a flexible capacity
resource to meet the grid’s ancillary service needs (e.g., reserve requirements and regulation).
These needs are increased as a result of variable generation integration, and as such, DR has the
potential to act as a resource in the reliable integration of variable resources like wind and solar.

Types of Demand Response
DR can be classified on the basis of its implementation. For example, as illustrated in Exhibit 57,
different categories of DR are distinguished by whether DR is capable of being dispatched and
whether it is being used to manage reliability or economic constraints.
Exhibit 57 Types of Demand Response
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Further, DR programs often defer load according to customer class (commercial, residential, etc.).
With respect to commercial and industrial DR, these are often tailored programs due to the load size
and impact that they can have on distribution assets. Despite their uniqueness, they represent a
very efficient method of controlling 100's of KWs due to their size, availability and dependability, and
this capability can have dramatic impact on load profiles at the aggregate, substation, or feeder
level. Generally speaking, utilities maintain active programs to constantly pursue commercial and
industrial candidates for this capability as well as specialized tariffs and rates for commercial and
industrial clients to participate in such programs. While an ideal situation is one in which the
commercial and industrial DR control structure is part of a wide-area EMS, this is not generally the
case, so further analysis is warranted on the benefits of integrating commercial and industrial DR
control with residential DR capabilities.
With respect to residential DR, most likely the biggest impacts water heater-load shifting/deferral and
thermostat control for HVAC systems. When energy consuming devices are rank-ordered with other
devices within the home (with the exception of an electric vehicle or pool pump), there are few
devices that can provide the combined energy levels of these two subsystems.
For the all-electric house, the two largest consumers of energy are the HVAC system and the water
heater. As a connected load, each can contribute between 2.5 KW to over 6 KW of demand
depending upon their size and capacity. The use cases are somewhat equivalent in the normal
state: demand is highest in the morning and in the evening when the house is occupied and typically
falls to a minimum level of consumption during the day. This generalized behavior creates a
contributing component in morning or evening peaks, and hence, any ability to shift this usage to
later periods can have a significant impact on the local peak (as measured at a local transformer,
feeder, or perhaps a substation if enough assets are aggregated and AMI or SCADA are deployed).
Of the two devices within the home, the water heater presents the easiest component to defer
"recovery": water heaters are typically insulated, and any remaining hot water typically will remain
warm for many hours with no electrical input, which becomes transparent for the consumer. This
thermal storage capability has direct implications on the use of wind to provide energy to recover
water heater temperatures.
HVAC control, when using a thermostat, provides the greatest flexibility to adapt a consumer's
thermal profile to shift load off coincident peak periods. This capability, while powerful for a number
of reasons, also becomes constrained by the sensitivity of the occupants of the home to temperature
changes. Even small changes in HVAC setpoints as a result of a DR call can be felt by the
consumer, and as such, these changes are likely to be overridden, effectively nullifying the impact
on shifting coincident load from the local peak. Nevertheless, opt-outs are a small percentage of
each DR event and overall, the aggregated behavior of adjusting temperature setpoints can have a
dramatic impact on total system load if the thermostat control/penetration is high enough.
Other significant benefits of residential DR can be derived from a thermostat-based DR program.
Because the exact transition of the HVAC system to "on" and "off" is known, this can be correlated
with AMI data in a back-office processing task that can exactly characterize the amount of demand
presented from the HVAC system. This is also true for a discretely-controlled water heater, so exact
consumption levels are known. Once this information is known, the impact on total consumption for
the home can be derived, and through advanced analytic methods, a means to shift or reduce
energy can be derived which will benefit NSPI as well as the asset owner. Another benefit of a
thermostat-based DR program is constant knowledge of the dwelling temperature. This is incredibly
valuable information, as the rate of change of interior temperature, as a function of weather, provides
a number of metrics on the efficiency of the dwelling and will help NSPI prioritize programs for
insulation, window replacement, or HVAC system upgrades. Note that this applies for both electric
and gas HVAC systems. Another benefit is the use of advanced analytical routines. Once the
consumption behavior is known of the largest consuming assets within the dwelling, direct control
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and influence of energy consumption can be conducted on an ongoing basis, helping the consumer
stay within budget and improving revenue forecasting for the utility.
Although all of these functions require an explicit DR system that is combined with advanced
analytics, the impact of these resources on an overall energy program, and visible as part of a larger
energy strategy that is administered through an EMS cannot be understated.

Demand Response and Energy Efficiency Implementation in Nova Scotia
In the past, NSPI programs have concentrated on load management with the help of various
methods such as Extra Large Industrial Interruptible Rates311. However, there is a new interest in DR
due to capacity constraints, increasing fossil fuel prices, and a need to reduce GHG emissions 312.
ENSC, responsible for implementing DR or Demand Side Management (DSM)/EE programs,
produces an evidence document which is filed to the Nova Scotia Utility and Review Board with
details of the DSM/EE programs and their implementation in Nova Scotia.
Nova Scotia DSM program performance in terms of net energy and demand savings for 2011-2013
is outlined below in Exhibit 58.
Exhibit 58 DSM Program Performance as Net Energy and Demand Savings at the Generator
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DSM programs first went into full operation in 2011,314 and the energy savings as a result of the
programs have steadily increased since that time. Marketing tools such as Twitter, Facebook, and
YouTube have been employed in order to inform the general public, and in particular, low income
households of available energy efficiency programs. The strategy bore fruit as for the first time the
Low Income program exceeded its annual target for energy savings in 2011; the province achieved
12.4 GWh of energy savings under the Low Income program as compared to a target of 9.1 GWh
with an investment of about $5 million while assisting 10,000 homeowners and renters315. As part of
these programs, home renters also qualify for and received the benefits of ENSC’s programs.
Several renters receive free direct-install upgrades which included replacement of incandescent
bulbs, installing of low-flow showerheads and faucet aerators, and wrapping of water pipes and hot
water tanks. Overall, these programs pursued by ENSC have largely been successful and produced
energy savings across the board.
Going forward ENSC has affirmed that the overall purpose of electricity DSM in Nova Scotia is to
help meet the province’s long-term electricity needs through conservation and energy efficiency as a
lower-cost alternative to new supply. Based on the projected investment of $39 million in electricity
efficiency services for 2015, we believe that there will be strong energy savings through the
implementation of several programs316.
In summary, EE programs can be relatively inexpensive to administer, typically do not require direct
interaction with individual loads, and can provide a significant reduction in overall base load. DR
programs represent the active engagement of consumers with the electric utility, and can leverage
the latest developments in technology (AMI, deployed sensors, higher-speed communications) to
positively influence consumption patterns that are more “inline” with available resources. The result
is the ability to dynamically shift or reduce the system peak or to call upon loads to consume when
the most economic resources are available. EE and DR programs can serve a significant role in
reducing Nova Scotia’s dependence on fossil fuels and promote system optimization.

4.5.6 Transmission Technology - Phasor Measurement Units (PMU)
PMU’s provide a higher level of situational awareness on the status of the transmission grid and
enable the system operator to make appropriate decisions by providing valuable real-time
information on line flows. PMU’s provide this information by measuring instantaneous voltage,
current, phase and frequency at specific locations in the electric grid, typically at the transmission
substation. Voltage and current characterizes the power delivered from the generation to the users
(loads), and frequency characterizes the balance between the load and generation. PMU’s sample
the grid conditions at a rate of several hundred times per second. Sampled data are used to
calculate phasor for current and voltage. Phasors are complex numbers representing magnitude and
phase angle of voltage or current at a specific time. The calculated phasor values are time stamped
using the Global Positioning System (GPS) time. A time stamped phasor measurement is called a
synchrophasor317. The synchrophasor data are streamed at 30 or more per second and sent over a
communications network and is collected by a phasor data concentrators (PDC). The PDC will
collect, time align, and perform quality checks on the received data and then send them to advanced
processing software. The data collected provides a detailed picture of the transmission system
operations across the interconnection.
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Exhibit 59 depicts a system utilizing synchrophasor technology. The sampled data (phasors) by the
PMUs are sent to the PDCs which time aligns, performs quality checks on the received data, and
sends the data to application software at the operations center to monitor the grid and note
variations in the transmission system. The term synchrophasor is sometimes used synonymously to
refer to a PMU
Exhibit 59 The Collection and Flow of Synchrophasor Data
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Benefits of Synchrophasor Technology and PMUs
PMUs provide system operators with real-time information regarding the levels of stress in the grid,
indicating areas of low voltage, frequency oscillations, or rapidly changing phase angles between
two locations such as between two substations320. With this increased visibility, grid operators are
able to recognize and respond to grid disturbances before they have the potential to cause
widespread outages. In the event of system disturbances, PMUs provide the means by which to
analyze the events leading up to the disturbance.
PMUs are also particularly useful for monitoring, managing, and integrating distributed generation
and renewable energy in the transmission system. As more renewable energy resources come
online, they challenge the ability of the power system to control the system frequency. With the
variation of frequency monitored by the synchrophasors systems, system operators are able to take
appropriate and immediate actions to stabilize the system.
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Economics of Synchrophasor Technologies and Barriers to Wide Spread
Deployment
Costs associated with the implementation of PMUs are based on data compiled by the United States
Department of Energy’s Recovery Act-supported synchrophasor technology deployments. The costs
shown in Exhibit 60 reflect the total installed cost of deploying synchrophasor technologies and
include the of the device or system, design and engineering costs, labor and material costs for
installation any construction costs and overhead321.
Exhibit 60 Average Costs of Synchrophasor Technologies
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The average installed costs of PMU’s and PDCs varies across projects and depends on the vendor,
equipment, and complexity of the project.
The deployment and widespread use of PMU’s is contingent upon the technology overcoming
significant barriers including the implementation costs. In addition, the instances for which the
capabilities of synchrophasor technologies can be demonstrated are rare, and the lack of proven
performance does not support the need to invest in such an expensive techonology. Cyber security
issues are also of great concern as the system depends on communications networks for secure
transmission of data to the system operators.
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Exhibit 61 Phasor Measurement Units in North American Power Grid

323

Exhibit 61 above depicts the deployment of PMU in North American as of November 2012. As per
the North American Synchrophasors Initiative (NASPI) there are about 500 networked PMUs
installed. NASPI expects approximately 1000 PMUs to be in place and networked by the end of
2014324. NASPI is a collaboration between the electric industry, the North American Electric
Reliability Corporation (NERC) and the US Department of Energy (DOE). The primary objective of
NASPI is to advance the use of synchrophasor technology to enhance grid reliability and economics
through high-speed, wide area measurement, monitoring and control.

PMU Applicability in Nova Scotia
By implementing PMU’s at key substations throughout Nova Scotia, and in specific substations
interconnecting wind power plants into the electric grid, the stability and reliable performance of the
electric system can be monitored and controlled effectively. In particular, when there is decrease in
output from wind plants, or large voltage irregularities are introduced by wind plants into the system,
data collected from the PMUs will allow the grid operator to take pre-emptive measures to stabilize
the grid as well as be able to schedule other generating units to pick up the supply when output from
wind plants decrease.
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In summary, PMUs provide system operators with real-time information regarding the levels of
stress in the grid, so that they are able to recognize and respond to grid disturbances before they
have the potential to cause widespread outages. PMUs are also particularly useful for monitoring,
managing, and integrating distributed generation and renewable energy in the transmission system.
By implementing PMU’s at key substations throughout Nova Scotia, and in specific substations
interconnecting wind power plants into the electric grid, the stability and reliable performance of the
electric system can be monitored and controlled effectively. However, the deployment and
widespread use of PMU’s is contingent upon the technology overcoming significant cost barriers,
and cyber security concerns.
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