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1. Introcduction

The elactricity sector is in a state of fransition. Some even anticipate an evolution at
the scale of deregulation in the 1890s, but now focused on the distribution level of the
grid. As discussed in the 201% edition of the Reading of the World, this change is
being instigated by the rapid and steady cost decline trend for solar photovoltaics
(PV}. Customer-sited rooftop solar PV is slready at retail grid parity in jurisdictions
with high solar irradiance and high electricity prices. Projecting continued decline in
PY prices, rooftop solar is expected o achisve retail grid parity in many more
jurisdictions in the coming years. The adoption of solar and other distributed anergy
resources (DERY, such as batteries, poses both economic and technical challenges for
the sector broadly and for distributors particularly.

While the aim of this report s {o update the IESO Board of Directors on current
discourse in the industry in general, the above notion of fundamental change is an
pverarching theme. Change is afoot across every macro-environmental factor:

s Politicat - Globally, regionally, nationally and provincially, climate changs policy
became more definitive in the past vear. Additionally, in the aftermath of
Hurricane Sandy, the state of New York has gained a strong political mandate o
institute change in their elaectricity sector, potentially leading the wav.

«  Economic - The cost of DER continues o decline and s adoption is threatening
the distribution utilities” volumetric business model, The industry is exploring how
to refine how DER and the distribution grid are wvalued and compensated.
Additionally, investor sentiment is shifting towards a cleaner, smarter grid.

«  Social - Increasingly, customers have options for how o meet their energy needs.
Digitally-enabled customers exgect more information and control. Even customers’
service expectations have risen, with resiliency becoming a focus in recent years.

s«  Technological -~ A variety of DER technologies are emerging, including demand
response aggregation, distributed batteries and microgrids. Hardware and software
technology is being developed to allow visibilily and control of the distribution grid
in order to enable DER and betier extract their value.

1.1 Beope and Methodology

As an element of an environmental scan, this report’s focus is external o the IESO
and Cntario. However, for each fopic explored, the report will briefly tie the issus
“back to home”. In some areas this s in more depth and in others less 50, a5 deemed
appropriate. Given the intent o summarize recant industry events and debates,
sources used include conferences, reports, articles, podcasts and blogposts. By s
nature, industry discourse s generally forward-looking and focused on the extra-
ordinary. As such, this report is as well,
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eenhouse Policy,

2.3 COPZL: Finally & (TBinding™) Global Agreament

gulations and Markets

Since 1992, parties to the UN, Framework Convention on Climate Change {(UNFCCC)Y have

besn mesting with the aim to create an

international

framework to stabilize the

concentration of greenhouss gases in the atmosphere. While discussions have progressed
pver the vears, the Paris Agreement, reached by the 1886 parties attending the 2ist
Conference of the Parties (COPZ1) in December 2015, is considerad to be a “turning point”
in the globhal effort {o address climate change. The agreement establishes a goal of limiting
the global average temperature to "well below” 2%C above pre-industrial levels, while urging

countrias to make efforts to keep warming below 1.5°C,

Flexibility was a key aspect of the Paris
Agreement. As  part of the Thinding”
agreament, countries individually establish
Nationally Determined Contributions (NDCs)
fowards the global emissions reduction goal.
Parties are required fo pursug domeslic
measures towards achieving the NDCs and
will report back on realized contributions,
which are subject to third party verification.
NDCs are (0 be resubmitted every five
vears, allowing for course-corrections. This
flaxibility to self-determine contributions is
considered to have made it possible for
countries to commit o the Paris Agresment.
Past agreements were unsuccessful parthy
because they lacked this. For instance, the
United States (US) was unable to accept the
1297 Kyolto Protoco! given that establishing
binding emissions  targets would have
required congrassional approval, which was
not received {11
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Figure 1: Historicsl emissions broken down by continent [23

The Paris Agreement alse further addressed
the divide between the QECD and daveloping
countries, At COP15 in Copenhagen, parties
pledged to mobilize US$100 billion per vyear
until 2020 to support the adoption of clean
anergy in developing countries. Some of this
suppert has actually materialized, but not all
of . In 2014, the developed countries only
provided an estimated US$62  billion [31L
Regardiess, the Paris Agreement extended the
pledge of $100 billion per vear to 2025 [1L
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Although parties adopted the Paris Agresment in December, it is not expected {o come into
effect until 2020 or later. The groundwork neesded to make the agreement a reality will take
yvears. The agreemeant, which will be open to signatures until April 2017, must be ratified by
at least 55 of the 196 parties representing at least 55% of global greenhouse emissions {11
As part of the Paris Agreemeant, countries are required o obtain domestic approval,

2.2 IT0 Extension & OPP: the US Carrot ang Btick

In the US, two major federal clean energy policies moved forward in 2015, Cne was the
Investment Tax Credit (ITCY for renewable energy projects, which is characterized by some
as "the carrot”. The other was the Clean Power Plan {(CPP), which will regulate carbon
emissions from fossil fusl power plants, and is characterized by some as “the stick”.

The ITC, first introduced in 2006, allows up to 30% of the
capital cost of residential or commercial solar and other
renewable projects to be used o reduce federal income
faxes dollar-for-dollar {i.e. it reduces taxes pavabie, not
taxable income, effectively reducing the cost of solar PV
by 30%) [51. The ITC was scheduled to step down {0 0%
for homeowner-owned residential rooftop solar and o
10% for cormmmercial rooftop solar on January 1, 2017 {&6].
As would be expected, the US solar developers were
apprehensive about this diff in support, which was
expected to significantly cool the market. To the
industry’s  relief, in December 2015, an “omnibus
spending bill” was passed by Congress and extended the
ITC for solar projects at the current 30% rate {o 2020,
following which it will be stepped down over a couple of
vears to 10% in 2022 and bevond [6]. The ITC is
expected to be substantially phased out for other
technologies by 2019, The spending bill also included an
extension o the Production Tax Credit {(PTCY to 2020,
which s a $/MWh subsidy for wind, biomass, hydro, and
other qualifying renawables. Interestingly, the bill was a
bipartisan compromise. In return for the ITC and PTC
extensions, a ban on the export of American crude o,
that has been in place since the 1870s Ol Embargo Crisis,
was Hfted [71. The deal arranged is considered o be a
festament to the maturation of the solar industry’s
advocacy and lobbyists” increasing sophistication.
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The ITC extension is intendead as a policy bridge unti! the Clean Power Plan (CPP) comes into
gffect in 2022, The CPP will set 2 national imit on carbon emissions from the power sector
and calls for a 32% decrease in emission levels below a 2005 emission benchmark by 2030
(91, The plan will set targets for emission reductions that are customized for each state. The
states are in turn responsible for developing plans and meeting the targets. As discussed
further in Section 3.1 of this report, the US s already shifting away from coal generation o
natural gas and renewable generation. In fact, CO2 emissions have dropped by more than
15% since 2005 [101. The CPP is intended to further accelerate this transition.

Addressing climate change s on the Obama
administration’s to-do-list before leaving office at
the end of 2016, Initially attempting o go down
the legislative path, Prasident Cbama was unable
to have Congress pass the 2009 Wawman-Markey
bill, which would have created a federal cap-and-
trade program, Working around Congress, the CPP
is regulation put forward by the Environmental
Protection Agency (EPA) under existing legisiation,
namely the 1963 Clean Alr Act, which permits the
EPA to develop regulations to address “air pollution,
which may endanger public health or welfare” {111
Mot unexpectedly, the plan has received significant
opposition with 29 states challenging the EPA's
legal authority to carry i€ oul. The issue 5 now in
front of the Supreme Court, which in February
2016 decided to pause the implementation of the
CRPRE untit it makes a final ruling expected in 2017
iz

2.0 Provinces take the Lead on Climate Changs

Prime Minister Trudeau has commitied o reduce Canada’s carbon emissions by 30 percent
from 2005 lfevels by 2030 {131 And similar {o the US's federal efforts, the Canadian attempt
to address climate change at a national level is not receiving full support., In March 2016,
the Prime Minister met with the provincial premiers to work oul a plan to mest the
commitments made at COPZ1. The federal government’s proposal involved a national
carbon tax that would begin at $15 per tonne and would rise over time o $40 per fonne
(141, The summit concluded with provinges agreeing o institute carbon  gricing
mechanisms, bul the notion of 3 national carbon tax was dismissed by the provinces,
despite Trudeau's efforts. Instead, carbon pricing mechanisms will be "adapted o each
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provinee's and territory’s specific circumstances”. Federal, provincial and  terriforial
government officials will be working together on a national plan which will be discussad at
the next summit in October 2016 [15].

Following the mestings, Prime Minister Trudeau noted that the climate change file has had a
lack of faderal leadership in the past 10 vears and that in that vacuum provinces have faken
a leadership role. Brifish Columbia, Alberta, Ontario and Quebec either have adopted or are
adopting some form of carbon pricing, meaning that about BD percent of the Canadian
population is already subject to a carbon price. Trudeau assures that “the federal
government will not undo what the provinces have done, we will add to it" {151,

In 2008, British Columbia instituted a carbon tax of $10
per tonne, which was increased to $30 per tonne in 2012,
In March 2016, Premier Christy Clark said her government
s considering raising the tax further. The tax is paid by
fuel wholasalers, who are then able {o pass the cost on to
thelr customers, British Columbia’s carbon tax is “revenue
nautral” in that the proceeds collected from the carbon tax
are matched by cuts in other taxes [16]. Alberta is taking
stens towards broadening s hybrid “cap-and-tax” system
first introduced in 2007, New regulations will regquire large
emitiers o reduce emissions by 20% below basaling lavels,
up from 12% previously, One of the methods for meeting
the target is contributing to a provincial fund for emission-
reducing inftiatives. The price for this was $15 per tonne
previously, was increased to $20 In 2016 and will be
increased further to $30 in 2017 [17].

In 2013, Quebec implemented a cap and
frade program that applies to industrials, fuesl
distributors and power plants. The program is
designed to work within the WCI carbon
market and Quebec has linked s system
with Californig’s. The most recent  joing
auction for carbon allowances was held in
February and clearing at the resgrve price
{L.a. minimum price} of $17.64 per tonne
[18]. Proceeds from Quebed’s cap and trade
system are put towards carbon reduction
maasures via Quabec’s Grean Fund.
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2.4 Ontario Cap & Trade Heguiation Released

In Aprit 2015, the Ontario governmaent announced that i€ will be implementing a ¢ap and
frade (CET) program targeted o be in place by January 1, 2017, Ontario’s goal is to reduce
its carbon emissions by 37% below 1990 levels by 2030 [19]. The C&T program is expected
o evenfually link with Quebec and California under the WCIL. The program will include
amissions associated with electricity production, institutions, transportation, natural gas
distribution, industrials and large commercial operators. On February 25, 2016 the draft
C&T regulation was released, detailing the proposad point-of-regulation, auction mechanics,
and allocation of free allowances in relation o the electricity sector, among other things.

Table L Dxpatied cost bnpadt as
par the 2016 Ontario budget [211

Figure 2! Greenhouss gas amissions
i Untario by sector (20173 data)y [207

Based on the draft CET regulation, the program is expected to apply to both domestic
carbon-emitting slectricity generation and imported slactricity. For domastic generation, the
npoint of regulation for most facilities is proposed o be upstream at the fue! distributor level,
e, with the natural gas distribution companies. For imports, the point-of-regulation is
proposed to be where the slectricity enters the provinge on our interconnection lings with
neighbouring jurisdictions and the associated emissions are proposed to be estimated based
on the marginal power plant emissions in the exporting point-of-origin jurisdiction.

For domestic natural gas-fired generators, the cost of carbon allowances is expected o be
passed down from the natural gas distribution companies, who have the direct compliance
obligation and are subject to regulatory oversight by the Ontaric Energy Board (QEB). It is
expected that generators would subsegquently reflect this added cost in their offers into the
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IESO's whoelesale electricity market, resulling in a higher Hourly Ontario Energy Price
{(HOEP) when natural gas generation is on the margin, The increase in the HOEP will drive a
partially offsetting decrease in the Global Adjustment {(GAY. The resulting impact on
ratepaver’s bills will vary depending on thelr allocation of GA and whether procesds from
carbon allowance auctions are recycled back into the slectricity sector. The government has
committed that ratepavers will not see an increase in the cost of slectricily. However,
details regarding how this will be achieved have vel to be announcad.
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3. Energy Resources ang Supply Mix

2.1 8hift from Coal to Gy Have We Besched Peak Coal?

Contrary to common wisdom that Ching and India will
continug to drive global demand for coal, the International
Energy Agency (IEA)Y stated in its 2015 Medium Term Coal
Markel Report that coal consumption has stalled [22]. A
giobal decrease of 0.9% in 2014 marked the first decline in
demand following a decade of aggressive growth., This
reversal is  primarily driven by China. Given slower
sconomic growth, a shiff to less energy intensive industrigs
and efforts to fight air pollution, China may have passed
peak coal in 2013 according to the IEA. The only major
sconomy that continues to see strong growth in coal
demand is India.

Figure 3 Change in demand 30314-2028 Imillion tonne}

urwler IEAS “Ching Peal Coal” scenario [23]

In April 2015, the US Energy Information Administration (EIAY reported that electricity
generation from natural gas surpassed generation from coal in the US for the first time
aver {257 In light of low coal demand, low natural gas prices and newly proposed
regulations, such as the CFP, American coal production companies are collapsing en masse,
Across North America, approximately 47 GW of coal-fired generating units have been retired
since 2009, and an additional 27 GW are scheduled to close by 2025, Moreover, remaining
coal plants may increasingly shift from baseload o peaking operations, further reducing
generation ocutput and emissions. In contrast, 58 GW of new natural-gas fired generation
has come onding since 2009 and an additional 97 GW is expected by 2025 [26L
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This significant transformation of the North American generation fleet has implications on
system planning and operation. In the 2015 Long-Term Reliability Assessment report, NERC
notes that despite substantial progress made o date in addressing the interdependencies
between the natural gas and electricity markets, a growing rellance on natural gas
continuas to raise rellability concerns and enhanced planning approaches o fuel
deliverability, availability and responses {o pipeline contingencies are needed (261,

Ontario is ahead of the curve when it comes to replacing coal with cleaner burning natural
gas fired generation. Ontaric retired s entire 6,400 MW ceal fleet and instalied
approximately 5,000 MW of natural gas-fired generation (among other rescurces). In April
2015, the IESO lsunched a stakeholder engagemeant initiative, seeking input on proposed
anhancemants to the communication and coordination efforts with natural gas generators in
Ontario and natural gas pipeline companies. In lanuary 2018, having considered stakeholder
feadback and concerns, the IESO concluded that, at this peoint in time, the current Market
Rules place sufficient obligations on Market Participants to communicate any fusl supply
fimitations and enable the IESC to conduct reliable planning and operations.

3.2 Nuclear's Mixed Success despile Being Zero-Emission

In August 2015, following approval from the Nuclear Regulation Authority, Kyushu Electric
Power Co restarted the 880 MW Sendai-1 reactor on Kyushu, the third largest island of
Japan [271 In an ffort o reduce greenhouse gas emissions and reliance on imported liquid
natural gas (LNG)Y and coal, Japan has staried bringing s nuclear units back onling. Two
additional units have been restarted since,

In the aftermath of the Fukushima Daiichi accident, Japan
idled s 54 nuclear units and began safety reviews of the
fleet, Germany, also in reaction o the accident, committed to
phasing out nuclear energy by 2022. Even the French
government, which is majority-owner of the world's largest
nuclear company, Areva, is scaling back domestic nuclear
generation [28]. In 2010, prior to the Fukushima accident,
there were 431 nuclear reactors operating worldwide, Today
there are 394 [29]. Contrary o the trend in the OECD, the
International Energy Agency calculates that nuclear capacity
needs to double by 2050 to limit global warming to 2° Cin
accordance with the goal of the COPZ1 agreement [30]7. And
there is some progress towards this, as China and other
emerging economies are aggressively building new units.
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In the U5, the nuclear situation depends on whether an individual state has a regulated or
unreguiated electricity market. In October 2015, the Watls Bar 2 plant in Tennessee, which
is axpected to achieve commaercial operation in spring 2016, became the first new nuclear
reactor to be licensed in America in 20 vears. Four additional units are under construction in
South Carolina and Georgia {281,

On the other hand, UBS Global ressarch has
identified 12 nuclear units, representing over 10 GW,
in northeastern power markets as at risk of early
closure due to low wholesale slectricity prices driven
down by low natural gas prices. In December 2014,
Entergy shut down its 620 MW Vermont Yankee plant
and in Q2 2015 the company anncunced plans o
retire the 838 MW Fitzpatrick plant in New York and
the 680 MW Pilgrimy plant in Massachusetts by 2019,
The company cited “reduced plant revenues”, “poor
market design” and “high operational cosis” as key
factors [31L

Interestingly, in Ohio, which is part of a deregulated market, FirstEnergy has propossed an
out-of-market Power Purchase Agreement (FPA) for its 889 MW Davis-Besse nuclear plant
to the state regulator. The PPA would provide additional revenues, allowing the company o
keep the plant operational [32]. However, the proposed deal has been highly criticized and
other independent power producers have asked FERC to intervens in the matter [ 331
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In Ontario, there have been recent major developments on the nuclear front. In December
2015, the IESC amended s existing PPA with Bruce Power to support the refurbishment of
six. units at Bruce Nuclear Generating Station (6,300 MW)Y. In January 2018, the
government announced that they plan o move ahead with the refurbishment of the 4 unils
at OPG's Darlington Generating Station {3,500 Mw). The costs for the Darlington
refurbishment will be subject to review and approval by the OEB. The Province also
announcead plans to continue operations at Pickering Generating Station unti] 2024,

3.3 Microgrids Progress from Pliots to Deployment

In July 2015, the New York Energy State RED
Authority (NYSERDAY announced 83 winnars in
the first stage of its $40M NY Prize competition,
which is designed to Tanimate a microgrid
market”, Due to the overwhelming interest,
NYSERDA gave over three fimes as many
£100,000 awards to study the feasibility of
community microgrids as originally anticipated.
The winners of the next phase will receive up to
$1M for engineering design. In the final stage,
projects will recsive up o $5M toward
constructions of their projects. As an example,
Southampton has proposed microgrids at the
town hall, thres fire stations and the police
station [34].

The NY Prize and other state resiliency programs
are in large part motivated by the events of
Cctober 2012, when Super Storm Sandy left
eight million people without power, The storm hit
New Jarsey and New York particularty hard and
some areas weare left in the dark for two weeks.
However, in the heart of New York City, powered
by 13.4MW of natural gas-fired combinad heat
and powsr {CHP), NYU's Washington Sguars
campus was it [35]. Following Super Storm
Sandy, resiliency emerged as a key issug in the
sector. Yet, despite the buzz around resiliency
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and grid hardening, adoption of microgrids has been slow.

One of the major barriers to deployment of microgrids is a lack of regulatory frameworks
that guantify the valug of resiliency and that establish how # should be prioritized.
Ragardiass, some utilities are proposing to own and operate “public purpose” microgrids.
For instance, in IHingis, Commonwealth Edison (ComEd) has proposed legisiation that would
permit it o develop and operate six microgrids, including a 17MW system at Chicago
Rockford International Alrport [36]. Other states are supporting the development of non-
utility microgrids through other mechanisms, such as the NY Priza.

Another barrier is the lack of standardization of microgrid systems. Currently projects are
custom-engineered, resulting in long lead times and high costs, There are many initiatives
on the way to address this issue. For instance, Duke Energy along with two dozen pariners
has developed a system that integrates off-the-shelf components and can be deployed in
lass than a month [371. In addition, major grid OEMs such as Siemeans, General Electric and
Schneider Elactric have launched product offerings, providing integrated systems.

Figure 5: Total operational and plannsd US microgrid
generation capadty by generation type [38]

Moreover, it s expected that microgrid deployments in coming vears will be smaller in scals
and increasingly make use of solar energy and batteries. This s unlike the installations
today, which are typically large systems at unbvarsity campuseas or military compounds that
make use of natural gas-fired CHP. With support from state resiliency programs and as
microgrid sub-component integration issues are addressed, microgrid capacity is poised o
double in North America and the microgrid market is expected to reach $3.58 by 2020 [381L
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In Ontarip, the IESO concluded the Combined Heat and Power Standard Offer Program
(CHRSOPRY 2.0 in June 2015, awarding 21MW of CHP to district energy projects and
greanhouse operations. While the contract requires facilities o connect directly to the grid,
istanding is permittad (i.e. contract holders have the option of using the CHPSOP contract as
part of a microgrid). Additionally, the IES0 continues {o support behind-the-meater CHP
through the saveONenergy and the Industrial Accelerator Program.

2.4 Mew Demand Besponse Aggregator Models

The Europeans are just starting fo create structures to facilitate the participation of
demand-sida resources in markets. Capacity mechanisms are beaing implementad in Frange
and being considered in Garmany, where there Is concern over security of supply given the
plan to phase-out nuclear by 2022, The United Kingdom held is first capacity auction in
December 2015 for delivery in 2019/2020 [40]. Commitmeant periods provided as part of
the UK auction were (8) ong year for existing facilities and demand response, (b)Y three
years for existing facilities that require refurbishment and (<) 15 years for new build
facilities. However, only 1% of the capacity cleared in the auction was demand response
(411, Given the differing commitment periods, the auction has been criticized for not
allowing demand response to compets fairly.

In American markets, demand response
has achieved significant penetration and
is expected to grow further. In PIM,
where demand response  has  been
incorporated  in capacity, energy and
ancillary services markets, 8% of the
system’s peak load can be met using
demand  response  resources [42].
Additionally, after over a vyear of
uncertainty  about the participation of
demand response  resources in US
wholesale electricity markets, in January
2016, the Supreme Court decided o
uphold FERC Order 745, putting the
demand response market back on a path
of strong growth in 2016,

Mot having a capacity market, California has bean mesting its resource adegquacy needs
through bilateral contracts. In December 2014, the siate initiated the Deamand Response
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Auction Mechanism {DRAM)Y - a first-of-its-kind pilot to secure 3 small portion of its capacity
requirements through Distributed Energy Resources {DER). The process was structured as
an annual pay-as-bid auction open to a diverse set of rasourges. Participants are required o
have at least 100 kW of aggregated demand reduction available for up to four hours per day
and are ragquired to bid into the California IS0s (CAISO) energy markel [43]. In lanuary,
the Californian utilities announced over 40 MW of winning bids for the 2015 auction. The list
of winners is an array of cloud software-based aggragators of DER, including 0.9 MW of
behind-the-meter batteries, 11 MW of home energy management systems (HEMS) and 1.2
MW electric vehicle charging systems. However, the bulk of the 40MW of capacity procured
came from the more traditional aggregation of industrial, commercial and institutional
(IC&D demand responsea {4471,

In Ontario, the IESO’s first annual Demand Response Auclion was held in December 2015,
The auction cleared about 400MW of capacity, which will start bidding into the IESO energy
market in May 2016, In addition, in August 2015, the [ESO concluded the Demand
Response Pilot Request for Proposal (RFPY and selected BOMW of demand response
resources, The pilot is aimed at belter understanding the capability of demand response o
provide five-minute load following, hourly load following and day-ahead or four hour-ahsad
ioad reduction,
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4. Blectricity Policy, Regulations and Markets

4.1 Solar + Storage: Utility in 2 Box?

The 2015 edition of Reading of the World briefly discussed the Tesla Motors/Panasonic
“gigafactory” being built in the Nevada desert. The gigafactory and several less publicized
projects are significantly ramping up lithium-ion battery production capacity around the
world, approximately tripling existing capacity by 2020, The expected sconomias of scale
ara predicted to drive down the cost of lithium-ion batteries. Today the cost is about
£250/kWh. Tesla Motor's goal is $100/kWh by the end of the decade [45]. The US

Department of Energy’s target is $125/kWh by 2022 [46].

Table 2: Large batlery capacity budld-pul projects planned (473

While the US energy storage market saw an
imprassive 240% growth in 2015, the market
remains small [48]. Since 2013, less than
400MW of storage have been deploved, 80% of
which made use of lithium-ion balferies [49].
The market is also concentrated in jurisdictions
where the value thal storage offers can be
moneatized., To date, the primary market has
besn PIM, supported by revenuses from their
fast-response  frequency  regulation market.
California currently holds a smaller share of the
market, but the state has a 4GW pipeline of
storage projects (481
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Two "use cases” are driving the battery storage potential in California. First, as part of utility
grocuraments, storage is being used for s capacity value, which can be used to defer
ransmissions/distribution investment. Second, storage is being installed behind-the-meter
by ICEI customers for demand charge management. In addition to this, baltery storage has
saveral secondary value streams, including backup powaer, time of use arbitrage, solar self-
consumption and aggregation for grid services. However, the economics for behind-the-
mater storage for residential customers ramains poor, given typical retail rate structures
and todav's cost for batlery systems. The small amount of adoption by residential
customers is primarily as a resull of the value customers see in back-up power and

resiliency [491.

Flgure &: Different retall rale chargs components [50]

In 2015, several solar-plus-batltery systams
started being offered by the market, driven by
partnerships such as Tesla and SolarCity, Gresn
Charge Networks and SunEdison, and Stem and
SunPowaer, Solar-plus-battery has besn
positioned by some as “ulility in & box” and has
recently fueled heightened debate around the
“utility death spiral”, given the downward price
trend of both solar and battery technology. In
an effort o bring more rigorous analysis to the
debate, think tank Rocky Mountain Institute
published the report The Economics of Load
Defection in April 201% [50]. The report is the
highly  anticipated update o the widely
discussed 2014 report The Economics of Grid
Defection [51].
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The reports’ analyses conclude that while currently
nascent, solar-plus-battery svstems are expected o
achieve retall grid parity in select markets such as
California and Hawaill by 2020 and in the majority of
American markets by 2030 - a3 timaframe that is well
within the economic ife of new investments in
conventional generation made today. However, the
reports argue that even with sconomic parity, the
number of customers that would actually go off-grid
would likely be small and most customers would
instead  install  grid-connected solar-plus-storage
systems, Grid-connected systems would benefit from
integration with other grid resources and can be sized
optimally, making them smaller and cheaper and
allowing for sooner adeption. It is also noted that the
system installed would evolve gver tme, from “grid
only in the near term, o grid-plus-solar, to grid-plus-
solar-plus-storage in the longer term”. In short, grid-
defection is not expected, but significantly reduced net
lvad on the grid - or load defection - is. The reports
further predict that eliminating nst energy metering
policles would not prevent this cutcome, only delay it
temporarily. Introducing fixed charges are anticipated
o result in customers holding off unfit the economics
reach a tipping point, upon which they will go off-grid.
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Figura 71 Possible rajectories for slecricity grid evolution [58)

The reports’ predictions are not &l “gloom and
doom”™. It is noted that for customers, having
choice and the availability of cost effective DER is
good news. Additionally, new DER will provide
value o the distribution grid, such as upgrade
deferrals. The value of the distribution grid Hself
would be higher too, as an integrator or “platform”
as i s increasingly being called. Howsever, for
central generation and transmission, “there is a
real risk of stranded assets” according to Rocky
Mountain Institute. The reports advise that we are
at a metaphorical fork in the road. Down one path
glectricity  pricing, utility business models and
regulations are structured o oppose solar-plus-
storage systems, favouring grid defection. Down
the other path the sector s structured fo
appropriately value DER, favouring an integrated
grid.
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In Ontario, in November, the IESO concluded the second phase of the Energy Storage RFP,
which resulted in 10-yvear contracts being awarded to 9 projects, totaling 16.75MW. All the
projects were battery storage, except for a L.75MW compressed air project developed by
NRStor. NRStor is the Toronto based {technology agnostic) energy storage developer, who
along with the software solutions company Opus One Solutions, will be distributing Tesla’s
Powerwall balttery storage pack in Canada starting in 2016,

While the IESO is engaged in the debate arcund grid defection, there is not urgent concern.
Unlike Hawaill and California, rooftop solar is not at retall grid price parity in Ontario - for
now,

4.2 UE Battle over Net Metering Heats Up

More than half of the US states are reviewing or considering potential changes to their nel-
metering policies [52]. To date, outcomes have generally been in favour of nel-metering,
such as the January 2016 dedision in California. However, there arg some exceplions: in
December 2015, the Nevada Public Utility Commission decided to eliminate net-metering,
shocking their burgeoning solar market,

Following the introduction of nsb-mefering and a generous grant o Solarlity to locate
operations in the state, Nevada became the fastest growing solar market in the US [531
However, in December, arguing that solar customers do not pay their fair share of the cost
of the grid, the Public Utiity Commission decided to, gradually over the next four years,
reduce compensation for solar generation exported to the grid from the retail rate to the
wholesale rate for electricity. In addition, the fixed portion of bills will be increased from the
previous US$12.75 per month to USS$3R.81 [54]. The most surprising part of the decision
was to not grandfather existing residential solar installations, which Lauren Randall, CEOQ of
Sunrun, called “the most egregious anti-busingss, anti-solar decision that we've sean” [55].
However, following intense opposition {o the changes, the Nevada Public Utility Commission
reversed its decision on grandfathering and even amendesd the plan to phase in the new
rates over four vears [0 over a 12 vear period [56]. Regardless, SolarCity, Sunrun and
Vivint Solar have laid off staff and shut down operations in Nevads [571
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California, which is the biggest solar market in
North  America, fook a different approach in
enacting s successor net metering tariff, dubbed
Net Metering (NEM} 2.0, While the Californian
gtilities alse made use of the “cost shift” argument,
the regulator rejected them and largely kept the
existing net metering ragims in place. One of the
twaaks made was to institute 3 minimum monthly
bill {instead of fixed charges), Additionally, time-
of-use rates will be mandatory for net meatering
customers. And notably, the new net metering
policy comes with a 20 vyear “grandfathering
guarantee”. In short, the new net metering regime
continues o be favourable toward residential
rooftop solar [58].

Mevada and California net metering rates iHustrate
two axtremes: remuneration for export of behind-
the-meter generation at the wholesale rate and at
the retail rate. In actuality, the “value of solar” is
somewhers in betweesn, In fact, for this reason, the
California regulator intends to again review net
metering in 2019 and has made it clear that NEM
2.0 is only a stopgap to NEM 3.0, California, along
with  many other jurisdictions, has  begun
developing holistic frameworks for better wvaluing
and bhetter integrating  distributed  energy
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resources. In particular, New York has taken significant steps toward this,

In Ontarig, roofiop solar is deployed through the microFIT and FIT standard offer programs.
In early December 2015, the microFIT program achisved its target for the yvear of 50 Mw,
almost exclusively consisting of residential rooftop solar projects (about 9000 projects). The
FIT 4.0 program has received almost 1000 applications for IC&I rooftop solar, totaling about
200 MW, Contract awards are axpected in Q2 2016,

As discussed in the Reading of the World 2015, the OEB made a decision in April 2015 o
de-couple distribution delivery costs from volumetric retail electricity rates. This will be
phased In over a four year peried, starting in 20186, As such, going forward, nel-metered
rooftop solar would not be able to avoid fixed distribution system costs. It should be noted
that fixed ransmission costs have not been decoupled.

While not common knowledge, we have net metering for renewables in Ontario. In place
since 2009, the CEB allows renewable rescurces that are smaller than 500kW to be net
metered. However, as mentioned previcusly, given that rooftop solar has not achieved retail
grid parity here, rooftop solar projects in Ontario are enabled by the IESO's procurement
programs. Nevertheless, the IESO and the Ministry of Energy are exploring potential ways
of evolving microFIT and FIT to net-metering based compensation with additional support
through some other mechanism.
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4.3 Mew Yorids Reforming the Energy Vision

As discussed in last year's edition of The
Reading of the World, in April 2014, the New
York Public Service Commissions commenced
the Reforming the Energy Vision {REV)
groceedings.  REV's policy objectives  are
several-fold: {1} customer engagement, (2}
system reliability and resilience, (3 market
animation using customer contributions, (4}
system efficiency, {(5) resource diversity, and
(&) reduction of carbon emissions [59], The
REV aims to achisve this by overhauling the
regulations that govern utilities, defining a
new utility business model and creating new
markets at the distribution level for DER,

Tha REY envisions a Tplug-and-play” grid,
whare the ulilily operates the distribution
system as a "Distribution System Platform”
{DSPY that integrates customer and third-
party DER by actively managing them and
compeansating them for systemy benefits they
provide., While many other jurisdictions have
initiatives underway to establish belter ways
of integrating DER, New York's REV has the
clearest vision of the desired end-state, Given
that the REV is such a compreheansive affort, it
is expected to take several years before the
vision fully meaterializes. However, the
procesding is progressing, with Track 1 and
Track 2 underway,

Track 1 focuses on identifying investments, strategies and action plans required to deveiop
a market {and underlying infrastructure) for DER. In October 2015, regulator staff published
guidance on what to include in Distribution System Implementation Plans (D5IP), which
utilities must submif by September 2016 [80]. Among other things, the plans will address:

= System Planning - new planning methodology and hosting capacity methodology

s  Grid Operations - budgst and deplovment plan for communications and IT infrastructure
s Pricing - what the frequency and locational granularity of pricing data will be
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s NYISO Interface — how coordination with NYISO and dispatch will be done
«  Data Access - system/customer data to be shared and protocols for protecting privacy

Track 2 focuses on redefining the utility business model and ratemaking. While rates in the
state of New York are decoupled (making utilities less sensitive to changes in volumetric
sales), regulators note that financial incentives for utilities are still misaligned. For instance,
in the traditional regulatory model, ulilities are incentivized to employ wires solutions in
order o make capital investments and sam a rate of return for shareholders, even when
there may be an opportunity to use DER to defer such investments. Along similar lines,
integration and optimization of DER may not involve significant capital expenditurs but may
involve higher operating costs, which utilities traditionally do not garn a return on.

In July 2015, New York Public Service Commission staff published a white paper, proposing

three new mechanisms that would allow utilities {0 develop and operate as DSP;

= Modified Clawback Mechanism: with the current rate-setling model, it a utility receives
approval o make certain capital expenditures but ends up spending less, the unspent
capital cost and the associated returns are clawed back by the regulator. The new
proposad model would allow the ulility to retain the returns it it pursued an alternative,
non-wires solution.

= Earning Impact Mechanism: would allow utilities to earn a highsr percentage retumn
depending on performance on a sel of metrics {Le. "performance-basad” regulation),
including  affordability, interconnection, peak load reduction, energy efficiency
deployment, and customer engagement and information access,

= Market-Based Earnings: would allow utilities to charge Tees for services offered (o
customers and third-party users of the Distribution System Platform, such as providing
dispatch and balancing services for DER, In this manner, utilities can genarate revenuss
from channels gulside the traditional rate base (611,

In 2014, the OER svolved the rate-selling mechanism for local distribution companies (LDC)
in Ontaric to a performance based model from the previcus, traditional cost-of-service
model., The Renewed Regulatory Framework sels distributors’ rates based on a scorecard
that measures performance metrics such as customer service, operational effectiveness,
public policy responsiveness and financial performance. The mechanism allows LDUs o
refain some of the benefits of cost efficiencies {which would not have been allowed under
cost-of-service ratemaking). While is a step in right direction, it does not resolve LDC's bias
towards wires solutions over alternative sclutions (performance based regulation impacts
what percentage rate of return can be sarned on fraditional distribution system assets),

Ontario dogs not currently have a comprehensive ragulatory process looking at the
integration of DER hike California, New York and some other jurisdictions.
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4.4 BEvnlution of the Transmission-Distribution Interface

To help better inform the debate underway on the future of electric utility regulation and
business models, the US Department of Energy has commissioned a series of reports o be
produced by Lawrence Berkeley National Laboratory. The second installment of the series,
“Distribution Systems in a High Distributed Energy Resource Fulure”, was published in
Ccotober 2015 and offers a framework to address the impact of growth of DER overtime in a
logical sequence [62].

Figure B Distribubion system evolulion (621

The figure above depicts the three stages of the evolution of the distribution svstem
contemplated in the report. Each stage represents a st of DER adoption lavels, public
policies and distribution system capabilities. Each stage builds on capabilities developed in
the pravious stage and becomes increasingly sophisticated in order to reliably operate the
distribution system and integrate and uniock the value of DER;

«  Grid modernization: Material changes to distribution system infrastructure and operation
are not required as DER adoption is low. AL this stage, expecting an increase in DER, the
distributor should streamiineg connection proceduras and regularly asses DER hosting
capacity.

s DER Integration: starting at DER adoption of about 5% of system peak, thers is
potential for operations! problems, such as bi-directional flows on high DER circuits,
requiring more advanced squipment and operations. On the other hand, DER can also
grovide value to the system. Utilities can procure services from the DER, deferring or
avoiding infrastructure investment., DER can also provide value by participating in
wholesale markets, but this may need coordination between the utility and system
operator 1o ansure reliability. California and Hawali are at this stage.

s Distributed Markets: this is the grid architecture that the New York REV is working
fowards, where DER go beyond providing services to the utility and engage in
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fransactions in a distribution level markel, Transactions may occur outside of the local
area and involve using the transmission system, emphasizing the need for coordination
between the utility and the systern operator,

Figure B Integrated system operations [high DER, mullidirectional
enargy fows and optimization of rasouroses ab mu i iple tevels 163

The Lawrence Berkeley National Laboratory also cutlines potential ways that the utilities and
system operators would interact across the transmission-distribution (T-D} interface in a
high DER future. Three models for how roles and responsibilities (and associated functional
capabilities) could be divided are provided:

«  Total Transmission System Operator: the transmission system operator dispatches an
integrated system, which extends down to the distribution system and the location of
individual distributed energy resources, Given the complexity involved with this, it is
considerad an unlikely scenario,

= Minimal Distribution Systern Operator (DS0): the transmission system operator
dispatches DER, but assumes that resources are locatad at the T-D interface, as it does
not have visibility down to distribution circuits, The distribution utility is responsible for
physical coordination of the DER., This would require communication and real-lime
coordination between the distribution and transmission system operators.

s Distribution Svystemn Market: the DSO would dispatch DER, balancing supply and
demand, including imports or exports acgross the T-D interface. This model s a
simplification for the transmission grid operator, which would only see a single
dispatchable resource gt the T-D interface.
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5, Grid Modernization

5.1 Smart TED Investment on the Rise

Global spending on electricity delivery and
managemeant has been one of the fastest
growing segments of the electricity sector
iry the past five vears, growing an estimated
19% in 2015 and 2656% since 2011, The
growth is driven in large part by stimulus
funding following the global recession.
Major markets such as China, Eurppe and
the US have been investing in renewable
generation, which in furn have given rise {0
the need for new or upgraded transmission,
distribution and smart grid infrastructure
1641,

Tabis 3 Global alectnidty delivery and management revenus {milllons) by segment [64]
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The transmission system is already "smart”. Most fransmission systems are monitorsd with
real-time SCADA systems, collecting data at 4 o 5 second intervals and have significant
power svstem automation and controls already in place. However, there are some new
technologies being deploved to further improve the reliability and the flexibility of the
fransmission grid o accommodate new rasources. For instance, through funding from the
American Recovery and Reinvestment Act of 2009, the number of synchrophasors on the
Morth American grid has grown five-fold, from fewer than 200 in 2009 to 1700 in 2014 [651.
Svnchrophasors allow transmission operators to collect data on power quality at a rate of 60
fimas per second. Coupled with advanced analylics, this enables the detection of system
disturbances that are only visible using high-frequency interval data and provides operators
with improved situational awareness of grid conditions. Additionally, power electronics on
the transmission systemn, known as Flexible Alternating Current Transmission Systems
(FACTS), are receiving increased interest in the contextt of coal and nuclear plant
retirements and the expansion in large-scale wind and solar generation. FACTS are used to
control 8 range of power gquality issues, improving reliability and creating a8 more flexible
grid.

Figure 18 Smart meter Gmedines aoress mullipls urisdictions [66]

The proliferation of DER has prompted industry to develop similar (but miniaturized)
technologies for visibility and control of the distribution systam. This development is being
enabled by foundational investment in Advanced Metering Infrastructure (AMD), extanding
communication networks which in the past terminated at substations, all the way down {o
individual customers. The AMI market s maturing and shifting from early adopter
jurisdictions to major deplovments across the globe, In North &merica, smart metsr
penstration today is about 50% and is expected to reach 70% by 2020 [671.
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Smart inverters have seen significant deployment
at the distribution level in some jurisdictions. A
component  of  solar  or  battery installations,
inverters  are  devices that convert  between
alternating currant (AC) and direct current (D)
power,  Unlike standard  inverters {which are
marginally less expensive), smarl inverters are
glectronic  devices that have reallime data
connectivity and provide visibility to generation
output levels, visibility to circuit conditions, real-
fime central control, autonomous decision making
and {perhaps most importantly) grid services, such
as improving grid stability and supporting power
guality, Bayond smart inverters, there are a variely
of power electronics that are being developed, are
dropping in price and are being pilot-tested. These
devices promise pracise, digitally-enablad control of
the distribution systam.

Flgure LL: Overview of revised Rule 21 implementation phases
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One of the leaders globally in smart meter deployment, Ontario has installed 4.8 million
smart meters and ransitioned the vast majority of residential and commercial customars
over to time-of-use rates.

In 2011, the Ministry of Energy launched the $50M Smart Grid Fund, which currently
supports 28 projects that are testing, developing and commercializing emerging smart grid
sefutions. The third round of applications closed on November 2015, Selected projects have
not been announced vat.
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5.2 Challenge and Opportunity of Date Sharing

The world generated over §  zetlabvies (or
&,000,000,000,000 gigabytes) of data in 2015, which
i5 agquivalent to 3 megabyies per minute per person.
Astonishingly, the annual amount of data we generate
doubles every two vears [68]. In the power sector,
billions of granular data points are collected on a daily
basis from more than 500 million smart meters
giobally {671, As new networked grid sensors and
grid-edge devices proliferate, as guantities of data
collected grow, and as the electricity system evolves,
the focus on ovbher securily, open access o data, and
consumer privacy protections is sharpening.

Figure 13 Typical smart grid dats volume growth {terabyies) 1897

Green Button, the energy data standardization initiative, has been adopted broadly across
North America. Through the "Download My Data” Green Bulion implementation, residential
and commercial customers can download their smart meter data in a standard format and
upload it to a third party {0 assess energy services that can offered. The standardized
format allows customer acquisition o be faster, easier and cheaper for energy sarvice
companies and DER providers - 3 benefit that is shared with the customer. Additionally,
hundreds of apps that make use of the standardized energy data {o help customers explorg
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and manage their energy use have been developed. Beyond "Download My Data”, the Green
Button has a "Connect My Data” implementation that s a more advanced, automated
varsion of the tool, allowing customers {0 give consent to a third party to receive the data
directly from the utility. However, its adoption has been slow, with California being the only

jurisdiction to fully roll it out [70].

California and New York are at the forefront of the
data sharing debate. As part of regulatory
nrocesses [o overhaul the utility planning process,
the states are in the midst of figuring out how
much data utilities and DER companies need o
share with esach other as the electricity system
evolves, It s argued that neither side has the
complete data set needed. In a sense, a data
swap is being suggested where the DER providers
share behind-the-meter rogftop solar
performance  data  and  utilities  share  grid
information. Regulators are asking utilities o
disclose detailed coperational data at the feeder
favel in as close to real-time as possible. This
would allow for transparent determination of
hosting capacity of fesders and allow DER
developers o belter determine the value of their
projects, guiding investment in alignment with
system needs. It is envisioned that the utiliies
would have a map on thelr websites whare you
could for instance click on a substation and
download detailed historical performance data. As
would be expected, Californian ulilities have
security and privacy concerns about disclosing
this type of information. Additionally, utilities note
that systems o enable this type of funclionality
would take vears to develop and would be costly
(71l
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The "Download My Data” Green Button standard was launched in Ontario in 2013 by the
Ministry of Energy and MaRS Discovery District. Today about 60% of Ontaric home and
business custormners have aceess to thelr consumption data (24 hours after usage) through
the Green Bulton initiative [1217. MaRS is currently testing the "Connect My Data” standard
as part of pilots with London Hydro and Hydro One,

Dasignated as the Smart Metering Entity, the IESO manages the Meler Data Management
Repository (MDM/RY. The MDM/R is Ontario’s smart meter data management system, which
stores all the data reads from smart maters in the provinge, processes the data and makes
it available for download by LDCs for billing purposes {among other things). In November
2015, the IESO published the final report for the Foundations Project, which outlines
recommendations for expanding the MDM/R dats set and refining the framework for third
party access o the data. Additionally, the IESC is currently piloting the MDM/R Data Mart,
which provides improved data extraction capabilitiss,
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5.2 Advanced Distribution Management Systems

For many vears the industry has been calling for “insights, not data”. Whila big data is
collected and there is an understanding that it is valuable, exdracting the valug has been an
ongoeing challenging. While challenges persist, some data analytics use cases are now well-
defined and a growing number of utilities are undertaking major big data analytics projects
that include alerts/reports, dashboards and visualization. Additionally, there is a recognition
that as the convergence of operational technology (OT) and information technology (IT)
continues o advance, new tools will become available that can address the utilitivs” biggest
challenges, such as integration of DER and customer engagement.,

Most of the data analvlics use cases today
- time-of-use (TG  billing, fraud
detection, asset managemasant and
demand-side management are
descriptive and make use of historical data
that is downloaded, cleansd and processed
in batches. However, {o fully extract the
vatua of the stream of data being received
from smart meters, grid sensors and grid-
gdge devices, technology companies are
developing software that is able to process
data in real-time and makes use of
predictive analysis, giving  operators
situational awareneass into grid operations.

The impact of Superstorm Sandy has accelerated
Outage Management Systeam (OMS) deployments
and upgrades, which today are in fairly high
pengtration in North America. Combining multiple
systems such as customer information, SCADA,
smart meters and geographic information system
{(GIS), o generate a topographical model that
provides granular outage identification, generates
work orders for the distribution grid opsrator,
dispatches work crews, communicates outage
information to customers, and verifies restoration.
These systems have led o significant
improvemeants in outage performance metrics
[721.
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Distributed Energy Resource Management Systems (DERMSE) have emarged in the past few
yvaars as a software-based solution that could address some of the sconomic and technical
challenges associated with the proliferation of customer-sited distributed energy resources,
such as solar, battery storage and electric vehicle charging stations. DERMS provide utilities
with real-time, granular visibility into the output of DER on the system, improving the
accuracy of short-term load forecasting. Enabled by bi-directional information exchangs, the
DERMS can also provide market price signals and directly control distributed resources.
While still in early stages of development and facing challenges with the massive data
volume and poor data quality involved, DERMS providers, such as Spirag and Enbala, are
making inroads in areas that have high penetration in DER, particularly Europe,

Distribution Management Systems (DMS), which monitor power flows and maintain power
guality on the distribution network, have been available for some time. However, in recent
yvears technology firms have begun offering the next generation of these systems, receiving
strong interest from large utilities. Advanced Distribution Management Systems (ADMS)
combing the capabilities of the DMS, OMS, SCADA, potentially DERMS and other enterprise
systems into a single integrated system. The svstem is an as-buill, as-operated real-times
GIS-based model that unifies operational, engineering and customer management
databasas and anabytics, typically in the cdoud. Despite its potential benefils being
recognized by utilities, ADMS technology is still emerging and has not vet been deploved
widely. Additionally, installing the system is expensive and reguires a [arge enterprise-wide
integration effort that involves a high degree of customization [73].
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B4 Culture Shith Ratepavers, Customers or Prosumers?

Historically, the power sector has thought of end-
consumers as “ratepayers”, Le. price-taking and
predictable  load. However, the ulility-customer
relationship is guickly becoming more complex as
an increasing number of products and services,
some  of which compete directly with  utility
services, are becoming available to customers,
Moreover, customer expectations are changing.
Today, many large commercial customers want
100% renswable energy © meel corporaie
sustainability goals. Municipalities are seeking to
craate  microgrids  and  invest in smart  city
infrastructure, such as networked LED strest
lighting. And  residential  customers want o
understand and manage thelr energy use using
smartphones, smart thermometers and  other
connacted devices,

The power sector lags In cusiomer
gngagement compared fre other
consumer-facing  industries, such as
retail, transportation and banking [741.
Plaving catch-up, utilities  are  now
accelerating the digitization of their
customer service, developing full multi-
channel communication strategies that
gncompass  postal mail, emails, ¢all
centres, text message alerts, smartphone
applications, social media and online
tools, Whan implementing this, therg is a
strong trend in the sactor to partner with
vendors that provide white label software
for enterprise-wide customer care that
the utility then brands [75%]. In particular,
utifities are just now starting to use
mobile device apps £ deepen
engagement and allow customers o
more easily pay their bills, monitor their
enargy use and contact customer service.
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Customers can also be notified of opportunities to participate in demand response and
energy efficiancy programs,

Used to describe the emerging proactive, producing electricity consumaear, “prosumer” is a
buzzword that has entered the uliity laxicon recently. There is now a wide range of home
gnergy technologies and smart home appliances available and the competition o become
the provider of the home internel-of-things ecosystem s flerce. Pivoting from their
respective entry points, the home energy market is attracting entrants from a wide variety
of industriegs, including solar, security, telecom, utility, home appliance and high {ech. Of
particular interest is the rise of Home Energy Management Systems {(HEMS)Y - the hub or
brains of the smart home ~ which monitors, analyzes and controls energy use in the home.
While still in early stages of market growth, the pieces of the puzzle that will enable the
intalligent, connected, potentially net zero home are starling to fall inte place. As home
gnergy technologies mature, HEMSs are envisioned to intelligently and automatically
optimize sophisticated behind-the-meter energy systems that encompass rooftop solar,
battery storage, electric vehicle charging and smart appliances in response o consumer
naeads and distribution fevel market signals as envisionad in the New York REV. While there
is general public awarenass of the trends towards increased sensing, control and automation
of energy use, generation and storage in the home, these trends are even stronger among
commercial and industrial customers, who are adopling Building Energy Management
Systems and Industrial Energy Managemeant Systems.,
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Having searched for apps from major LDCs in both Android and Apple app stores, it does
not appear that LDCs in Ontaric currently provide maobile device applications to their
customers. As part of London Hydro and Hydro One's "Connect My Data” pilots, a handful of
third party apps are being offerad, including several of the winners from the 2014 Energy
Apps for Ontario Challenge, as part of which the Ministry of Energy provided $50,000 in
awards to app developers o create fools that make use of Green Bullon data.

IESO-N-0061228



&, Power & Utilities Markets ang Transactions

8.1 RBeforms Create Invesbment Ooportunities Globally

Intermnational momentum for
glectricity sector reform has picked
up in recent vears, Emst and Young
notes that “more than 30 countries
are now considering, commencing or
continuing the process of breaking up
long-standing  integrated  utilitias”
(401, These reforms, many of which
are in  established markats, are
motivated by both the nesd for
injecting capital into utilities and the
desire to fres up government funds
in order to invest in other public
infrastructura projects. From
imvestors” perspective, this affords
the opportunity o acquire regulated
assels, prized for their stable, long-
ferm refurns,

Figure 13 Select countries that are undsrgoing energy ssector reform [78]
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In Australia, the state of New South Wales Is privatizing T&D
assets. In November 2015, a 89-year lease for Transgrid, the
state’s transmission company, was sold for $8.2 billion USD to
a consortium of focal and international investors, including
Quebecois institutional investor Caisse de Depot et Placement
du GQuebse (COPOY [77]. The Indian government, as part of its
privatization strategy, intends o sell partial stakes in several of
its state-owned electricity companies. The Japansse are in the
midst of makeover 1o their electricity sector and have a
comprehensive  restructuring  process  underway.  Following
sweeping reforms, Mexico announced winners of its first bid
process for power purchase agreaments in March 2015 [786L

Curgpean countries have genegrally undergone the restructuring
process and are generally set up as energy-only markets.
However, in light of high penetration of renswables depressing
gnergy prices and the resulling stranding of conventional
gengration plants, the Europeans are tweaking their markst
design. Many jurisdictions are turning to capacity mechanisms
o reinforce their market structure, As discussed previously,
the UK held its first capacity auction in December 2015, France
and Ifaly are implementing capacity mechanisms as well
Germany and Poland are considering it [40].

[76]

IESO-N-0061228



ration mechanivms EMHY

Flgure 14: Global snapshot of capacity markets (407

The composition of the Ontario power generators has quietly shifted recently. With the
retirement of coal plants and planned retirement of the Pickering nuclear plant, the only
remaining regulated generating stations in the province will be the Darlington nuclear
station and legacy hydro-electric plants. Basically, all other market participants have an
IESO contract, with the exception of a few merchant Non-Ulility Generators {(NUGs) with
gxpired OEFC contracts.

Since the introduction of the electricily market in Onfario, new capacity resources have
bean secured using competitive procuraments that award long-term contracts. However, in
March 2016, the IESC initiated the Market Renawal Stakeholder Engagement to devalop a
work plan to introduce a day-ahead marketl, 8 incremental capacity auction and locational
marginal pricing.
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.2 Competition Ends the Transmission Monopoly

Global investment in transmission infrastructure Is rising, driven by the historical
underinvestment in aging power infrastructure, the retirement of coal and nuclear power
plants, and the connection of renewable resources In accordance with environmental
npolicies, such as the CPP in the US. While competitive procurement processes have been
used for generation for decades, competitively procuring transmission infrastructure is a
more recent trend,

Tabie 4 Jurisdichons with competiive ransmission processas [ 78]

Notably, in 2011 FERC issued Order 1000,
which faid out a framework o allow non-
incumbents  to  participate in bidding
processes for major fransmission
investments. The  process for  filing
compliance plans and receiving approval
from FERC has been a long and complicated
process, and I150s and RTOs have only
recently started implementing competitive
Drocesses.,

As a trial run for procurements under FERC Order 1000 was issued in 2013 by PIM
Interconnections seeking a sclution to address stability issugs in an area of New Jersey
known as Artificial Island. The solicitation received proposals with a range of solutions from
gight transmission developers, including non-incumbent utilities. However, the process has
been highly controversial, Hlustrating the complexities of procuring transmission. The
gvaluation of the proposals involved PIM staflf applving their professional judgment o
assess subjective coriteria, such as “constructability”, and even modifving proposals
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submitted. In June 2014 PIM staff recommended the selection of a modified proposal from
PSERG, the incumbent ulility, to PIM Interconnection’s board. However, following an outery
from losing bidders and stakeholders, questioning the impartiality of the process, the board
re~apened the process. Uldimately, s progosal from LS Power o build 8 new 230-kV
fransmission line from New Jersey’s Artificial Island to Delaware was selected in July 2015
[791.

Competition for transmission has allowed the entry
of new transmission players, such as ITC Holdings
Corporation.  ITC is  the first and biggest
independent electricity  transmission company
{similar in concept 10 an Independent Power
Producer) in the US. The company operates 25,000
km of transmission lines in six Midwest states,
including Michigan [80]. In addition to developing,
acguiring and operating regulated assets, ITC is
also a developer of marchant transmission projects,
including a proposed 1000 MW, bi-directional, High-
Voltage Direct Current {(HVDC) transmission line
that would connect the IESOs grid to PIM. In
February 2016, St John-based Fortis Inc., ong of
Canada’s biggest utility owners, announced that i
will be acguiring ITC for US$11.38. Over the past
decade, Fortis has been expanding its foolprint
across Canada, US and Central America., Howsver,
the ITC deal, which is the biggest Canadian
takeover of a US ulility, will be transformative for
Fortis, making it ong of the top 15 utilities in North
America [81].
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Figure 15: Top 25 North American
utifities by enterprise valuse [81)

Hydro One’s initial public offering (IPO)Y was completed on November b, 2015, The provinge
sold a 15% stake in the company, raising $1.83 billion, which along with a deferred tax
asset benefit and spedal dividend and payments-in-tieu of taxes, netted about $5 billion for
the government [107]. Over time, the Province intends to reduce its ownership further to
40%,

The IPO saw strong demand from both retall and institutional investors., While the initial
range for the IPO was $§18-521 per share, the stock’s final IPO price was on the higher end
of the range at $20.50 per share, given the strong interest {1081, The share price closed at
$24.31 on March 31, 2016 - up 18.6% since the IPO. Investors see potential for Hydro One
to pursue growth through further investment in its existing system, consolidating assets in
Ontarie, and acguiring assets in other provinges and the US. In fact Hydro One has made
several acquisitions in the recent past, including the January 2016 3222 million deal with
Brogkfield Infrastructure to purchase Great Lakes Transmission, one of the four other
fransmission operators in Ontario that make up the 4% of the province's ransmission
assets that Hydro One does not own [109].

In 2013, the Ontario Energy Board ran Ontario’s first compstitive bid process for a
transmission preject, The East-West Tie Line was awarded to NextBridge, a consortium
made up of NextEra, Enbridge and Borsalis Infrastructure, Hydro One also submitted a bid
as part of a consortium, butl was not selected. Future major ransmission projects are alse
expected to be open to competition. In October 2015, the government tabled Bl 135,
which if enacted, would allow the government to direct the IESO {0 underiake procurament
processes for transmission infrastructure.
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£.3 Regulated TED Assels Atract Premium YValuations

While consolidation has been a consistent feature of the North American power and utilities
sactor, the past two vears has seen a sizable uptick in activity. In particular, utilitiss are
moving more aggressively to acquire regulated power and gas T&D assets - and in some
cases even divesting merchant exposure. Institutional investors arg atiracted fo regulated
assels given the low-risk, stable revenues. For strategic buvers, there are a number of
drivers: replacing lost capacity from retired coal plants, finding growth in a low demand-
growth environment, hedging against commodity risk and merchant risk, and finding scale
aconomies. As a stark example, in Q4 2015, NextEra divested about 3GW of merchant
natural-gas fired generation and instead pursued the acquisition of Oncor Electric Dalivery,
the largest TRD utiity in Texas [82]. Given investors bullish sentiment, regulated T&D
assals are trading at historic highs and attracting premium valuations in fransactions.

D

Figure 18 Average wicg/eamings (/L)
trading multiples for select TRD utiiities (837

IESO-N-0061228



Across Canada, utility ownership varies depending on the provinge, Many of the provinges
have vertically integrated utilities (Hydro Quebec, NB Power, SaskPower, Manitoba Hydro,
BC Hydro). Other provinces have privatized their ulilities, notably Emera {(Nova Scotia
Power) and Fortis (Newfoundland Power), Interestingly, both Emera and Fortis have been
involvad in "megadeals” with US utilities in the past year. As previously discussed, Fortis is
acquiring Michigan-based ITC. Emera is acquiring TECO Energy, which owns regulated
slectric and gas utilities in Florida and New Mexico, for US$10.4 billion. In dersgulated
Alberta, separate entities own transmission, generation and distribution. Alberta has two of
the largest municipal utilities, EPCOR and ENMAX, which serve Edmonton and Calgary
respectively, along with a long list of other municipalities. In fact, oulside of Ontario’™s 70+
LDCs, there are only a handful of municipal utilities in Canada. In short, Ontario’s
distribution utilities are highly fragmented, presumably resulting in inefficiencies given the
lack of scale economies.

Table 5: Clectriclty Gty ownershin by provines (Noy 2015 (847
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Figure L7 T 70 electrio distribution uiliities ranked by numbse of cusiomers (847

It is in this context that the Hydro One IPO tock place. Regulated T&D assels arg seesing
gremium valuations. Privatized Canadian utilities are making mulli-billion dollar acquisitions
south of the border. And, the distribution segment of the Ontario sector is fragmentead.
Hydro One, which is already the provinge's biggest LDC (mostly rural assels), is expected {0
be well positioned to be a consclidator, given its size, aceess to the public eguity market,
and exdsting presence and relationships throughout the province. Since 2014, Hydro One
has closed acquisitions for Haldimand Hydro, Norfollk Power and Woodstock Hydro.

If is also in this context that the government spun off Hydro One Brampton in August {(prior
to the IFO) with the intent of merging it with Enersource, Powerstream and Horizon Utilities,
The merger of the four utilities will create the second largest LDC in the province and is
expected o become an urban consolidator. In March 2016 the three utilities agreed fo
purchase Hydro One Brampton from the governmant for $607 million [105]1 The six
municipalities involved, Le. Mississauga, Markham, Barrig, Vaughn, St Catherines and
Hamilton, have all approved the merger. The deal is expeacted to close later in 2016, subject
to approval from the Competition Bureau and Ontario Energy Board (QER).
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In  ling  with the Clark Report’s
recommendations, as part of the Ontaric
2015/2016 budget the government
introduced limited time tax relief (e, over
next two years) {0 encourage consolidation
of LDCs, The changes o the applicable tax
rules  include: (1) A reduction in the
transfer tax rate from 33% to 22%, {(2) an
examption from transfer tax for distributors
with fewer than 30,000 customers, and (3)
an exemption from the capital gains
portion of the departure tax [106]. This is
gxpectad to reduce the cost of acguisitions
and give LDCs increased access o the
private  capital  investmeant needed o
acquire other distributors. In this regard,
Hydro One currently holds an advantages,
given that it is the only LDC that is publicly
traded and has access {o the public sguity
market. In January 2016 rumors emerged
that Toronto Hydro, the third biggest LDC
and one of the three expected key
consclidators, is developing a gplan
privatize,
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#.4 Investors Turn o Low-Risk Renswable Sssels

Global renswable assel deal value was up 29% in 2015 over
2014 [85]. Daspite the debate around Tyieldcos”, the market
gxpects continued growth supported by climate change and
gnergy policy around the world, such as the COP21 Paris
Agreement and India’s renewable energy targets for example,
Similar to requiated TAD assets, renewables are in demand by
both financial and strategic buvers. Institutional investors {(e.g.
pension funds, insurance companies, efc.) value the low-risk,
long-term, stable revenues of renewable assets supported by
Power Purchase Agreements. Strategic buvers (Le. other power
and ulilities companias) are adding renswable assels to their
portfolios to reduce merchant exposure and o conform o
regulatory requirements.

[85]

The increase in interest for renewable assets
comes  as  investor  sentiment  towards
marchant coal power plants, and in some
jurisdictions even gas and nuclear power
plants, dediings. Some powar companies
with high exposure in thermal generation are
seeing a significant drop in their market
vatuations [82]. The market instead rewards
restructuring and divestments., As reported
in the Reading of the World 2015, Germany-
based E.ON., which is one of the biggest
utility owners in the world, is undergoing a
major restructuring. On January 1, 2018, the
company separated its conventional power
generation and energy trading operations
into a new company, Uniper. In December
2015, RWE, Germanv's second  higgest
utility, announced a similar move, RWE
intends o undertake an IPO in late 2016 for
a new entity which will hold iIs renswables,
network and engrgy services assets (851,
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In the US, the recent surge in renewables deal activity is
primarily fueled by the vieldcos. However, the second
half of 2015 saw a significant sell-off by investors, who
are gquastioning the wviability of the ownership model
Many vieldeos dividend targets assume very aggressive
growth in their asset base, reguiring a steady stream of
acguisitions,  Investors are concerned  about  the
unsustainable growth assumptions, impact of the
interest rate increase in the US, and lack of acquisition
discipline [83]. The decling of vieldeo market valuations,
which affect their ability to raise funds through
secondary public offerings, is expecied to contract
renawable deal activity in the US. In particular,
Terraform, SunBdison’s  vieldco, has been  under
considerable  sorutiny,  impacting  both  companies’
market valuations. Upon markel-close on March 31,
2016, SunEdison’s share price was US$0.54, down from
its 2015 high of US$33.45, and Terraform’s share price
was USE8.65, down from s 2015 high of US$42.66.
Given SunEdison’s decline in market valug and its
currant debt load, there are seripus concerns that, what
was the world's biggest renewable company a year ago,
is about to go bankrupt [86].
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In March 2016, the IESQO offered 16 Large Renewable Procurement {(LRP} contracts,
comprised of about 300MW of wind, 140MW of solar and 15.5MW of hydroslectric projects.

Several vieldcos are active in the Ontario electricity market, including Brookfigld Renewable
Energy Partners, TransAlta Renewables and Terraform's parent company, SunBdison.

Similar to the utility restructuring in Europe, TransAlla Renewables was created in 2013 as a
spin off from parent TransAlta Corporation, which had “the worst-performing power
generation stock in North America” in 2012 [113].

SunEdison parficipates in a variety of [ESC procureaments and is a major IESO contract
counterparty. The company has a local office hereg in Toronte, which has [aid off more than
half of its staff in the past year.
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7. Donclusion

The past year saw many alements of the distributed, cleaner
and smarter future come into focus. Climate change policy
at every level - from global to local - took major steps
forward., New generation investment s primarily in
renewable or natural gas power plants, pushing out
conventional generation, DER  technologies continug o
mature and o drop in price, including solar PV, batteries,
microgrids and aggregated demand response, Customers
increasingly  have options for managing their energy
consumption and are expecting more of their ulilities.
Forward-thinking jurisdictions, such as New York and
California, have started working on how fo overhaul their
regulatory framework to better integrate DER and extract
their value, proposing new markets, new business maodels
and new relationships amongst industry plavers., Meanwhile,
smart grid hardware and software, which promise (o enable
a more dynamic distribution system, continue to slowly
advance., Investors, who are shifting away from
conventional generation assels, are injecting capital into
Ta&D and renswable assets, allowing faster deplovment of
naw smart grid infrastructure and clean enargy résgurces.

We have been promised a more distributed, cleaner and
smarter grid for over a decads, but i has been slow o
materialize — frustrating those who have bought into the
noticn while giving those who have not ammunition 1o
dismiss it in favour of the status guo. However, it should
be recognized that the electricity system is already “the
biggest and most complex machine ever buillt”™. The
avolution that s being contemplated will make the system
orders of magnitude more complex and will take vears {0
fully take form. The past vear dogs however segem 1o
suggest mamentum is incraasing.
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