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SECTION 1. EXECUTIVE SUMMARY

LT The Energy Cloud

in April 2015, Navigant Consuiting, e, (Mavigant) describaed a power secior
srnbarking on a historic transformation in its white papar, The Energy Coud,

Such a transformation entails a shift away from a one-way power systern relving
principatly upon large centralized generation plants and conventional transmission
and distribution (T&D) infrastructure toward a highly networked ecosystern of two-
way power flows and digitally enabled intethigent grid architecture. Part of this shift is
the Energy Cloud, & dynamic energy ecosystem thal leverages ubtguitous connectivity,
intelligent sensors and devices, information and operations technelogy, and data-driven
machine-learning funclionality across the grid value chain, This ecosystem will be far

more sophisticated than the legacy hub-and-spoke model in use today.

Depicted in Figure 11, the Energy Cloud will usher in widespread disruptive changes in the

way energy is procduced and consumed alebally, As a result of these changes, an expanding

percentage of market shars acress the emerging grid value chain will be up for grabs

Figure 11 The Emerging Energy Cloud
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it is no longer a guestion of if thess changes will ocoun Rather,

it is @& question of when these changes will take place—and more

importanthy, how? Blending traditional assets, services, and
interactions {2.q., ulilities and their customers) and unlocking
rriany new techrologies, business models, and relationships

(2.9, prosumer-to-utility, prosumer-to-consumer, consumer-to-

service provider ey, the emerging Energy Cloud will continus
o redefine market structures and traditionat stakeholder
relationships. Changing customer nesds, evolving policy and

regulation, and acosterating innovation arcund distributed energy

resources (OFERY and digitel technotogy will drive the creation
of mors distribubed transactions and dynamic business modets,
These developments will also spur a more democratized and
sophisticated arid platform and a rapidly evolving ecosystem of

incurnbents and disruptors.

A% the next instaliment in Mavigant’s Energy Cloud thought

teadership series (see The Frnergy Cloud, published April 2015,

this updats details new developments and technologies that have

emerged in the last I yvears, Focousing on emerging platforms
for growth such as Internet of Things doT), smart cities, and
ransaciive energy, it evaluates shifting value across the value
chain and revenus implications for incumbent plavers and new
market entrants, Finally, industry stakeholders, and particularly
ukilities, are provided a blugprint-—the Energy Cloud Playbook—
for proactively preparing and managing their organization to
rmaneuver around the Energy Clowd disruption and position for

fong-tertr sUCCess.

1.2 Strategic Threats and Qpportunities

Mearly 53 trillion has been invested globally in grid

medsernization sHorts since 2000, According 1o the
internationsl Eneray Agency another $8 trillion will be
vegiidredd over the rexd 25 years o sccommodate smerging
areas ke distributed intelligence and data analvtics.

efforts since 2000, According to the internationat Energy
Agency, another $3 brittion will be reguired over the next 2% vears
o accommaodate emerging areas ke distributed intelligence

and data analytics, Meanwhite, as described by Marcao lansiti

and Karim R Lakhani in Digital Ubiguity: How Cormections,
Sensors, and Data Are Revolutionizing Business, "The grid
ecosystem is moving rapidly away frorm a displacement and
replacernent paradigrm o ubticquitous connectivity amnd technology
recornbination . Transactions will increasingly be digitized,

e cdata will be generated and analyzed, and discrete objacts,
pecpie, and activities will be more connected to the grid

ecosystem than ever before.”

With imited capital and, in many cas facing divergent

investment cholces, utilities must decide which of the

strategic pathways 1o follow, They miust do so within 3 market
increasingly defined by an expanding array of mass-produced
technolngies with ever shorter product lifecycles and targeisd

by new market entrants,

With an estimated $1.3 willion in new annual industry
revenus available globally by 2020, new entrants—

manufacturers: technology companies (from startups to
globhal powsrhouses like Apple, Amazon, and Googlel;
telecommunications and other data, content, and natwork
providers; and even some ol & gas companies {like
Totaby~have the rare opportunity (o disruget a status quo
nearly 150 years in the making,

This rapidly unfolding landscape will reguire naw strategies and
appreachas to both current and emerging industry realities,
History proves that the majority of business mode! innovations
are introduced by market newcomers rapidly introducing new
techrinlogies that address ermerging client needs, making today's

utiltity industry more vulnerable to disruption than ever hefore,

With an estimabed $1.3 trillion in new annual industry revenue
available globally by 2030, new entrants—manufactursrs;
technology companies (from startups to global powerhouses
like Apple, Amazon, and Google); telecomrmunications and

ather datg, content, and network providers; and even some

ol & gas corapanies Jike Totaly—have the rare opportunity to
disrupt a status quo nearty 150 years in the making. Creating
new opportunities for growih acress the value chain, new energy
and digitat technologies are lowering the barrier for entyy into a

highly requlated industry

Meanwhite, Mavigant forecasts that more consumers (residential
and noreresidential) will become prosumers, selling renswable
energy back to the grid (either individually or aggregated) at the
redail or wholesale level, Governrnents and regulators ab all levels
have a key role to play, as wall They will have to balance a widsar
set of imperatives supporting a safe, reliable, and affordable
power grid and incorporate clean, distributed, and more
intelligent energy. In doing so, they must ensure that this shifting
landscape accommaodates innovalion while also adapting rules

ard procedures to hetiar match the pace of changs underway.

The biggest challenge will be balancing ongoing investments in

the grid as the total volume (and with that, revenue) that flows

through core, centralized components decreases over time, This

includes mitigating the risk of stranded assets that may becorms
ohsolete or financially unsustainable, as well as their costs to

incumbent utilities, custorners, and sociely,
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1.3 Energy Cloud Scensrios

Mo two markets are alibe, Energy Cloud transformation will play

out differently across regions, countries, and markets depanding
on spectiic realibies. Slectricity prices and tariff structures,
existing policies and regulations, customer demands and choices,
and market structure (unbundled versus integrated; competitive
versus monopoly market landscapes) and viabitity, as well as
acceptance of new technologies, will necessitate different

fevels of response,

Three Energy Cloud seenarios—conservative, moderate, and

aggressive—outliined in this paper describe various degre

whitch this industry transformation could occurn The goal is not to

detail an exhaustive outline of each scerario, but rather, 1o provide
a basis for a new strategic planning framework for the industry,

Of the scenarios outlined, the agaressive scenario is the most
transformative and is the primary focus of this paper Specificatly,

it details a mature Energy Cloud ecosystern in 2030

o Utility-scale and distributed renewables account for
BO%-I00% of gen

accounting for a majority of new build capacity.

ation; DER uptaks is widespread,

+ Annual utility industry revenue reaches nearly $6 trillion,
resulting in maore than $50 trillion in cumulative revenue
generated between 26 and 2020, Digital inmovations
accourt for more than a fifth of total revenue generation
by 2050,

+  Revenue allocation across the electric valus chain shifts
significantly downstrearn toward the edges of the grid and
bevord (customer side of the meter), where the current value
allocation of generation and retail cost and revenue effectively
swaix The cost and revenus of distribution and customer

energy management (ncluding bevond the meter) represent

rnors than halt of revenue allocation across the value chain,

» Grid boundaries will expand, integrating existing infrastructure
with behind-the-rmeter building energy networks, communiby-
scale nanogrid and microgrid infrastructure, and supergrids
linking power networks that extend across geographic regions

well beyond traditional state-nation boundaries,

«  Today's smart gricd gives way 10 a neursl grid that is nearly
autoncemaous and self-healing and leverages innovations in
artificial intelligence (Al and cyber-phvsical systems (2.9.,

foT, self-criving EVS, and the smart grid} The application

of blockchain technology gives rise to digitized electron

exchanges and transactive erergy.

L4 A Blueprint for Navigating Complexity:
The Energy Cloud Playbook

With the barrier for market entry for new and emerging plavers
lowersd by low-cost digital innevation and democratized ensrgy,
utitity industry incumbents face a challenging path ahead.
Although many have direct relationships with customers and

aownership of infrastructure assets, challenges remain, Utilities

in particuiar must prepare their organizations o be disruption
reacdy. This includes challenging tried-and-true business modsis

as well as rapidly shifting culbures to embrace agile innovation.

Specifically, stakeholdaers must remain Aexible and responsive 1o

shifting prioritiss. This new landscape will alse require utilities and

thedr oversight hodies to react more quickly, providing increased
financial rewards cormmensurate with increased risk exposure,
Existing strategic planning mechanisms currently in use, like
integrated resource planning dRP, with & planning horizon of 30
vears or more) and strategic plans (with a S-vear horizen), are
irsufficiend. To adeguately understand and prepare for the threats
and opporiunities of the Energy Cloud and complement existing
planning tools, Navigant recomimencs that stakehcelders develop
a W2 o 15-vear strategic view, as well as a short-term (6~ to

12-month) agile execution plan

This paper offers a framework for approaching strategic planning
within an industry facing historic trarsformation. The Energy
Cloud Playbook cutlines five steps industry participants should
fallow to prepare their organizations to mansuver around
disruption and capture value in the Energy Cloud, Specificalby,
this means capitalizing on emerging innovation scosystems rips
for new business models and revenue creation, Moving beyond
sitoed technologies, these platforms recombine technologies and
services, offering industry participants fertile testing grounds for

harnessing vatus in the Energy Cloud,
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SECTION 2. THE ENERGY CLOUD 2.0
21 Disruptive Triggers

As observed across various industries, disruption is a pravailing
anc uncompromising theme of technological innovation in

the 21st century. in his book, The Fourth industrial Ravolution,
Klaus Schwaly explains, "The acceleration of innovation and the
velocity of disruption {facing the global economyl are hard (o
comprehend or anticipate . these drivers constitute a source of
constant surprise, even for the bast connectad and most well-
informed.” While sesrmingly more insulated from competitor-
ted nnovation, highly regulated industries like energy are no

exception (o the ruls,

Thisz is especiatly trus when the confluence of three forceg-—

regutatory and policy shifts, changing market demand, and

technological innovation-—undermine long-standing value chains,

In particularn technologies that can slice through presxisting
fayers of regulatory processes and business models to divectly
connect customers o the goods and services they seek ars

gaining traction across global markets,

Figure 2.1 Disruptive Triggers in the Utility Industry

Afordahilitg: O
Geanalig

The digital disruption of media (Buselfeed and betfling
brick-srd-mortar retall (Amazon and Elsy), teavel
accommodations (Alrbnb and VEBRO), and personsl
transportation (Uber and Lyft) are the latest exampieg of
haw such trends can upend seemingly stable industries
and business models. The utility industey currently faces
o perfect storm of all thrse forces described in Figure 2.1

These forces may oocur suddenly or arise gradually to expose
long-standing inefficiencies within ar industry, then spread
guickly to displace incumbent solutions and disintermediate

the traditionat value chain, The digital disruption of media
(Buzefeed and Metfilg, brick-and-mortar retatl (Amazoen and
Ebsy), travel accommuodations (Alrbnb and VREBO), and personal
transporiation (Ubsr and Lyft) are the latest examples of how
such trends can upend seemingly stabile industries and business
modsis. The utility industry currently faces a perfect storm of all

three farces described in Figure 2.1
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Whitle the Energy Cloud is in its infancy today, these disruptive
triggers suggest that the transformation facing the industry will
be pervasive. Technology, services, and system design innovation

will expand exponentaliy.

2.2 Next-Goneration Energy Platforms

Specifically, utiiby industyy innovation s currently moving beyord
these technologies (e.g, solar phus storage) toward the orchestyation

of complex acosysterns of technolegies working in concert to deliver

rove flexibie, responsive, and customer-centric services.

Figure 2.2 Energy Cloud 2.0 Platforms (Sampling

Orchestration

innovation

Whitle highly disruptive in thelr own right and, these platforms
provide the utility industry fertile testing grounds for new

products and services in the Energy Cloud, They ars the

buitcling blocks of Fnergy Cloud 2.0-—-an ecosystem of platforms
cutting acress multiple industries, but still very much fooused
on the generation, supply, consumption, and the managasment
of etectrictty, Building on digitization efforts across the ubility
industry, these platforms have the potential to deliver unigue
value to energy custorners while enabling exponential growth

opportunities for earky rmovers within the industry,

Sevan platforms emerging today are profiled in more detall in

the following sections,

221 integrated Distributed Energy Resources

The growth of distributed energy resources (DERY is increasingly
viewead as one of the most disruptive trends affecting the
utility industry today, From solar PV and energy storages 1o

demard response (DR)-enabled thermaostats and EVs, DER with

Supporting these ecosystemns are technology platforms
fexamples of which are outlined in Figure 2.2) that sit at the
confluence of regulation and policy, markst demand, and
innovation. These platforms are moving the industry beyond
art exclusive focus on the transaction of energy to include the
pundling of non-energy services, They shars similar features

as the Ensrgy Cloud: they are camposed of highly networked
and distributed assets, leverage ubigquitous communications, 11,
and data anabviics; and operate as semi (or fully) autonomous

and lsarning-enabled machines, Moreover, they are both highly

dynarnic and broadly integrated,

capabilities that were previously only provided to electric grids
from supply-side resourcss continue to multiply across the edge

of the gricl

Multiple technological trends point to sustained growth across
the DER technology landscape. Navigant Research estimates
that giokal DER capacity is expectad to grow aimost 5 times
fastar than new central station generation over the next 5 vears
and generate $L3 tritlion in cumulative investment over the next
decads, in the United States, total DER capacity is projected

o moere than double by 2023, The installed cost for solar PV in

global markets, for example, is expected o fall below $1L50 per

ces and

3

equipment is projected (o grow to more than $4 billion by 2025,

DER bring with them fevels of variability and nuance never
prefors seen by netwoerk operators, This tangible convergencs: of
DER interconnections o networks H-suited to integrate variable
damand-side behaviors reprasents ground zero for the disruption

of the global energy landscape caused by DER

IESO-N-0043785



The concept of integrated DER (iDER~describing &

custom, portfolio-based, DER adoption approach at every
ievel of ansrgy merkels—encourages customsr choice ansd
flexibility while addressing sggregation issuey at the grid
operator and utility level

The concept of integrated DER (DER)~—describing a custom,
portfolio-based, DER adoption approach at every lavel of

energy markets—encourages custemer choice and flexibility
while addressing aggregation issues at the grid operator and

utility fevel Frorm ubility procurement departmeants (o corporate

Figure 2.3 Blueprint of & Fully Integrated DER System

EMERGY ool

ENERGY

EMERGY

puiiding fizets to single-family homes, the valuation of DER
prortfolios offers tremendous opporiunities to maximize both
ROV and societal benefits, Market actors that seek o enable
these platforms and aggregate iIDER value streams from
wholasale markets, energy procuremsnt processes, prosumer
power prefersnces, and regulatory incentive programs through
portfolio-based approaches are potsed to caplure value across a

more distributed grid andscape,

Navigant's iIDER Maturity Model allows utility staksholders (o

assess their organization's progress toward DER integration The

blueprint cutlined in Figure 2.3 would score the highest ranking in
Navigant's iDER Maturity Model.

CONTRACTS,
DR EVENTS,
WEATHER EVEMTS

EMNERGY ool
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ERERGY

;
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imvigent

An advanced ranking in Navigants iIDER Maturity Model
describes markets in which utilities, customers, third parties,
market operators, and regulators are working in conpunction
with tDER processes for full integration across operations,
energy markets, and PP These processes are supported by
critical information, operations, and communications technology

systems 1o ensure aclive, real-tirme, and large-scals iIDER

managsment Evolving energ

customer choice, supported by

Yy oeconomics and increasing

strong policies and mandates,
drive DER penetration. Third-party aggragators and customers
are incentivized to participate in the local energy markels,

supported by transactive energy platforms and systems,

Ab the advanced IDER maturity fevel, ulilities have augmented
their role as a supplier of elechricity and have assurmed the role
of a platform provider enabling prosumers to market their DER
assets in an open market, This role is net only oritical o fully
maximize the benefits of DER, bhut will also be key to providing

future value to the utilities' customers and shareholders,

2.2.2 nternet of Things

The rapic adoption of Internet-connecied devices supports a
naw digital foundation for the energy industry. This emerging

internet of Things {oT) landscaps touches, or will touch, nearly
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all aspects of the grid value chain, not to mention the broacder

econoryy. o7 has the potential to become the connective tissue

enabxling the Energy Cloud, unlocking value across a wide varisty
of assels from traditional generation to DER, connectad hormes,

intelligent buildings, the transportation grid, and smart cities.

i the residential sector alone, Navigant Research expecis
cumulative global revenue from laT device shipments and
services to total more than $815 bitlion from 2016 to 2026,

in front of the meter, demand for o7 connections is fueled
by the need to optimize existing grid assets and to integrate
£

prassure contributes to the adoption of o7 technologiss as wedll,

3R assets like solar PV EVE, and onsite storage. Reguiatory

particularly among states like Mew York, Hlinois, and California.

Ragulators in thess

states support o7 functionality as a key
contributor in efforts to oreate a cleanern maore restlient, and

affordable grid

Rehind the meter, connected devices are profiferating
across connected homes, intelliigent buildings, and ths
industrial Internet. in the rasidential sector alone, Mavigant
Research expects cumuiative global revenue from o7 device
shiprments and services o total more than $81% billion from
ANE 10 20268, Moreover, the number of loT devices that will

ship annually is expectad

o grow more than

The United States Is pupentesd

fivefold during the
o aocount for 81 million smart

mieters by 2020 along with 38
miiicn smart communicating

sarne forecast period.

The potential for
thermiostats, and 183 millicn data analytics will be
io? residential devices. substantial, The United

States is expected to

account for 91 million smart meters by 2 , along with

36 mition smart corremunicating thermaostats, and 183 million

ot restdential devices, Assurming S-minute infervals, which may
prove consarvative, the estimated number of annual data points
will approach 11 trillion among these categaories alone, This stream

of data will enable desper analysis of the grid at an increasingly

agranular level It will also facilitate the ability o act and react in

realtime, thersby improving the efficiency of snergy use.

Already, vendors are providing basic toois laying the foundation
for a pervasive 107 platform, including devices like smart
thermaostats, connected Hghting, and mobile apps, Utilities also
have the oppaortunity 1o seize new loT platform coportunities

vig certain actions:

«  Becorming first movers in the o7 space before i matures and
being willing to tast new business maodels

o Leveraging their position for loT managad services beyond
standatone demand-side management (DSMY efforts

o Developing long-term o7 offerings for enhanced customer

engagement and increased satisfaction
2.2.3 Transactive Engrgy

In bransactive energy systems, economic- or markeb-hased
constructs are used o make decisions involving the generation,
distribution, and consumption of power. Currently, ransactions
involving power are being made, bul onby in wholesale and
aver-the-counter markets, Simitarly, DER are interconnected

an some power grids on a for-pay basis, but they are limited o
fixed arrangements for selling their power—and then only to the
distribution ubility,

Transactive energy platforms marry and expand upon these
activities, Building on iDER and toT networks, transactive
energy enablies power providers in the retail market 1o negoetiate
{transact) their exchanges of powsr ancd/or energy on a gramnular
basis, Transactive energy platforms also expand a power
provider’s stable of potential custorners 1o entities other than

a single distribution utility.

A variety of benefits are expected from transactive snergy:

«  PMuch greater adoption of DER inte the energy ecosysbam

« Plore responsive and more effective harnessing of the DER
(including dercand and teoads) to serve peak power, reliahitity,
resilience, and stability objectives

»  More choices and opportunities for energy prosurmers

» Lower energy costs for customers

» Wew opportunities for services and products

o Deferral of large-scale generation investrnents in capacity-
challenged locations

¢ Econemic stimulation through the rise of new energy-related

products with new markeiplaces for trading them
¢ Estabdishment of community-level distributed energy markets
There are several types of transactive energy currently in

development and demonstration These may be characterized as

arid-centric or burnclled. Mast common, grid-centric models are

icad, or ancillary grid services, Buncisd models put forth a vision

of transactive energy involving value exchanges within and
acrass the Ensrgy Cloud, and they are sometimes referred to as

transactive systems or transactional networks, These bundied
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rmndels extend bevond the delivary of electric power to sarvices
(2.9, condition-based maintenance of monitorad high powsr-
cOnsuming equipment), rights {e.q., pricority BV charging rights
or reserved ackup power capacity), information (diagnostics,
expert advice, tc.), financial products {e.q., futures contracts),
and situaticnal machine-te-machine decisions {e.g., deciding
which rooftop heating, ventilation, and air conditioning {HVAL)

unit should respond to a DR epportunitys,

Challznges remain in realizing sither type of transactive
envirenment. As with any pear-to-peer netwaork, threats from
interticnal harm, unintended consequences, fraud, and abussas

of privacy are top of mind, One strategy for mitigating threats

to transactive energy operating in the Ensrgy Cloud includes
blockehain, Gaining raction in the financial industry, blockchain is
a digital ledger technology upon which bitceoin currency is based,

The technology crowdshares the function of trust—used as the

basis for value exchanges-—ty performing hiohly redundant,
independent verifications of transmitied records. Blockehain
has also gained attention as a potential distributed register for

ilentifying devices across 10T acosysiems.

Several recent examples demonstrate ways in which blockchain

has been deploved within smerging transactive energy platforms;

+ In Burepes, a project called Scanergy sirmulated a biockehain-
based rmethodology for trading green energy within a
Belgian neighborhood,

A gmall but Hve transactive energy market using blockchain was

recantly faunched in a neighborhood in Brookiyn, New York,

228 Smart Cities

According to Navigant Research, globsl smart city

revenus s sxpected to grow from $36.8 billion in 2006 to
LRB.7 billion by 2025,

Arcidst a global demaographic shift from a majority rural
popation to predominately urban, population centers are the
global epicenters of innovation and economic growth, Smart
cities sit at the confluence of major disruption across multiple
irdustries cutting across energy (2.¢., smart grid), transportation
fe.q., connectad vehicles), integrated wasis management

fe.q1., srnart wastel, and water provision {8.¢g.. advanced waler
metaring). The most ambitious of these so-called smart cities

seek to integrate thess services o improve sarvice to residents

and bolster efficiency across the svstem. According to Mavigant
Research, global srnart city revenus is expected to grow from

A36.8 billion in 2016 1o $88.7 billion by 2025,

Combined with the center of gravity for the utility value

stream shifting downstream from large-scale generation to

the distribution gricl, a significant proportion of energy-related
investment is expectad to be deployed in and around population
canters, Innovations i community energy provision and snergy
managermnent present significant revenue opportunities for new

technology and service suppliers,

Smart cities and city authorities looking to seize the

opporiunities presented by the Energy Cloud are working with
utilit
anergy and how efficiently they are used. At the

=5 and other stakeholders to examine their sources of

sarre b, they

are attempting to reduce both greenhouse gas (GHG)Y emissicons

and energy costs.

Specifically, these investments deliver a range of direct and

indirect community benefils:

* Reduced GHG emissions
/

o bhmproved guality of life through lower heating/conling bills
arcd more comfortable, affordable homes

»  Energy resilience in the face of catastrophic disasters

»  Reduced operational costs for city managers, thus protecting

vital services from budget cuts

One initistive that has had the most visible impact on energy

consumption in cities and has helped lay the foundation for the

Energy Cloud is the introduction of srmart meters, Smart meter
prenetration in the United States now excesds 50%. Slong with
distribution autoemation investments, this enables consurmers

to participate in a range of DSM programs and new pricing
strategies. Smart meters are the basic building block of many
city-focused smart grid programs, but smart grid imvestments
have other advantages for cities as wall, Distribzution automation,

for example, enables the grid (o support new services such as

demand managemeant, BV charging, and distribaubsd energy

inteligent grid infrastructure can alsce link into other services.
For exampls, Barcelona, Spain and Mice, France have piicted
systems that integrate utility networks and other city services,
including street ighting controls, smart parking systems, and

anvirenmental monttoring.

Meanwhile, affordabile and rellable energy remains one of the
basic features of an economically robwust city. Those cities that
ermbrace the evolutionary shift toward the Ensrgy Cloud are
expectad {0 remain centers of innovation, providing new jobs for

thelr citizens and attracting new business imvestments. Energy

providers are expectsd to be keyv partners as the management of
a range of basic municipal infrastructure—powes, ransportation,

water and waste—becomes increasingly integrated.
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Enwrgy providers are expected to be key partnars

as the management of a range of basic municipal
infrastructirs—power bransportation, watsr, and waste—
becomess increasingly integrated.

2.2.8 Energy (Communications) Superhighway

Electric utilitias have long used communications to inform

their operations centers and enable protective systems such as
SCADA to make the grid safer and more reliable, Many of these
connections wers focused on high-voltage (HVY transmission
networks and substations, Over the last decade, with the advent
of smart grid technology, utilities have been prompted to invest
in a wida array of nebworking technologies for a variety of
purposes in boeth HY and distribution voltage systems: advanced
metering infrastructure (AMD, distribution substation and feeder
autornation, and other monitoring and T funclions, Importanthy,
these networks have frequently been butlt and rmanaged within
operational sifos, Even more importantly. they have been huilt
only to handie the application for which they were conceived,
This stage of development could be considerad the first

ganeration of smart grid communicaticns.

H this first generation represents an incremental, application-

and silo-driven strategy where competing interests within a

ukitity must awail reanagement or rate-case approval for gach
project, the Energy (Communications) Superhighway represents
180° turnabout. Ideally, a utility’s Energy (Cormmunications)

]
Superhighway will b concaived of, planned for, procured, and

managed over the course of a longer-term, companywide planning
and funding process, 1 will e buill to be future-proof and

support ot only the smart grid applications described above, it
also mary, many more—inchuding those that have not yet beeen
conceived, However, access to a ubiguitcus, high bandwidth, low

fatency network-—whether built or lpased-—will be needed

Anategous to the Interstate Highway Systemn hwilt across America
i the 1950s, the Energy (Communicationsy Superhighway
describes a robust, ubiguitous communications network
daploved nationally or across individual utility service territories,
e @ recent white papern, Cormmunications it the Energy Cloud,

Navigant Research outhines how a fully deploved system could be

a catalyst for exponential economic growth from a vast arvay of

new product and servics providers within the Energy Cloud,

As evidencs of the economic potential of platform infrastructurs,

ording o a report published by the American Highway Users

Alliance on the 40th anniversary of the system—now 20 years
ago—rthe US interstate Highway System had delivered %8 in

economic productivity for every $1in cost to build as of 1998,
Emplovment in dining establishiments increasad at more than

7 times the rate of population growth between 1258 and 1896,

white ermployment in lodging establishments grew at twice that

rate, New busins

ses were spawned, such as tong-haut trucking,

while others, such as gas stations and conveniencs stores,
erjoved massive growth, The Interstats Highway Svstermn and its
economic contribution have besn fregquaently credited as a key
underpinning o the healhy gross domestic product per capita in

the United States.

Simtlarly, the development of communications platforms across

utitity networks have the potential to spawn new growth

opportunities across the Fnergy Cloud, tn order for utilities

yvet realized service and revenus opporiunities, access to a
ubricquitous, high bandwidth, fow latency network-—whather built

ar feased-—witl be needead,

There are numeaercus tachnological paths by which a utility might
gat there, including both privats and public options and both

wived and wireless options;

» Fiberto-the-premizes: Create a fiber-to-the-premises
natwork that not only provides an Energy (Comimunications)
Suparhighway backbone—enabling smart grid and &
plethora of new ensrgy-related offerings—but also supports
broadband, video, and voice, commercially referred to as
Triple Play services within the telecommunications industry,

= Private Boensed spectrums Ubilities tend not to own their
own sprectrum--they simply cannot compets with major
wireless carrigrs when it comes o buving large swaths of
private spectrum-—although some smart grid communications
vendors reay.

%G Fifth generation—or 5G—wireless tachnology is the next
step in the evolution of wireless technologies, its promiss as
the backl:one of 1oT is well marketed, hut the practical reality
is that it is not here yel The 5G future may well fulfill & great
many of the progressive (Energy Cloud-based) utiity’s neads
rietated to its Energy (Communications) Superhighway vision—

if the utility is willing to partner with public carviers,

Uity visiorn and investment in ubiquitous, high-speed breadband
networks will be a prerequisite 1o ensure that evolving ubility

and power incdustry goals and service offering creation are not
thwarted by inadeguate connectivity—and not met by other

service providers in the markeiplace,
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2.2.8 Building~to-Grid

Technology and peopls are transforming commercial buildings
into sconomitc assets and a dynamic platform for bundied
services, innovation ind T, autoration, controls, and services pivol
the facilities management paradigm from responsive strategies
that cornbat occupant complaints and malfunctions to predichive
operations that optimive spending and comfort, Technology and
software innovation enable devices to deliver unprecedented
visibility into systern operations, algorithms to model energy use
and predict systern parformance, and occupants o e engaged
i facility use and strategies, Togsther, these innovations are the
foundation of the intelligent building.

The keystone for buitding-to-grid (B26G) platforms is the
ransformation of intetligent buliding interfaces to enable
seambess integration with the power grid. Where today’s

traditional

commercial

Corunercial buildings and facilities

reprasent an estimaterd 30%-40% buildings represent

of energy demand and nearly $150 a major center of

Billion in annual slectricity revenus energy demand,

in the United States GHG emissions,

and business cost
centers, the B24G concapt leverages this infrastructure as part of
|

a broadsr DER portfolio within the Fnergy Cloud, Comme

buitdings and facilities represent an estimated 30%-40% of

energy demand and nearly 3150 bilion in annual elechricity

revenue in the United States. Whils greater control and Haxibility

GVET energy us
B33 is the potential to unlock bwo-way powsr flow and bundle

noen-enargy-related services,

The B2G facility ts optimized with integrated controls and
automation over internal systems from ghting to HVAT Lo phug
toads and people movers, i also supports energy assets such as
rooftop solar, energy storage, or £V charging infrastructure while
providing @ digital conduit for greater coordination bebweean

energy supplers, custome and a range of norn-energy services.

The proliferation of 10T in the commercial segment augments

the B2G platform, Specifically, loT complements the building
autermation and controls infrastructure as a data platform
foundation. Frorm a bullding owner perspective, accepiance and
reliance on seftware and services 1o run their businesses sebs the
stage for corporate buy-in and acceptance of inteltigent building

solutions fundamentat to the B2G concept.

The orchestration of integrated systems to balancs energy supply

and dermand is whers the B2G's potential con inko focus,

Sophisticated data analytics translate the rich data generated by

the intelligent building architecturs into information and actions,
The conditions within the faciity autoematically alter to refiact
external or internal signals deliverad through the integrated
systems. Occupancy, weathsr, grid pressurss, and system

performance become news feeds for the B2G that direct either

energy consumption or generation. The capacity to shift from a

sowrce of demand to supply i response to these feeds s corg
o B2G's potential value, By aggregating individually optimized
intelligent buildings into fleets, such as a virtual power plant

VPR, these potential bernefits could e further augmented.

2.2.7 Transportation-Utility Mexus

The clear benefits in reducing GHG erndssions, frnproving
urban air quality, and localizing the energy supply have led

s to view the electrification

governrments and regulatory agene
of transportation as inevitable, Fleets of electric cars, rucks,
taxis, and buses will enable people and goods to be moved
without direct emissions and will be integral to the launch of
mobility as a service business modsls, Autonomous, connecied,

electric, and shared vehicles will coordinate with smart

infrastructure to alleviate traffic congestion and reduce urban

errissions, drawing workers back to densely populated centers.

Slowly, policymakers are developing programs to, for the first
time, recoegnize the necessary couphing of bwo hugs markets—
transpaortation and powesr—through policies and incentives
that have far-reaching implications for each. Within this
transportation-utiity nexus, advanced analytics will be usad to

cocrdinate the energy demand of powsring the electrifisd transit

fleets, delivery vehicles, and marine vessals with that of smarter

city infrastructure to enable a holistic view of regional energy

demands across the Ensrgy Cloud,

Vs will be the single largest addition of energy demand to the
grid in many nations of the developed waorld, By 2020, more
than 4,000 GWh of slectricity will e consumed by plug-in EVs
annuatly in the United States, Two significant advantages of this

new load for utilities

are aggregation

By 2020, wmiore than 4,000 5Wh
of electricity will be cansuwmed by
plug-in EVs annually in the United
States Two significant advantages

and dispatchability.
Mew services are
cernbining EVs with

stationary storage
of this new load for utilitiss are

and other DER

aggregation and dispeatchability, offerings Lo optimize
regional supply

and demand. The smart charging of swarms of managed EVs

witl enabile greater concentrations of rooftop selar, a3 charging

is st

sered outside of peak times and will be matched to

Q

distributed generation.
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Meanwhile, automakers, energy aggregators, and charging
network operators are partnering with utilities to incorporate
EVs, providing a platform for energy services, DR, and grid
ancilary services, By 2019, maore than 220 MW of BV foad in
North America is expected to be available for DR programs or
foad shifting during the day. Current projects in the United States

are gathering the data for modsting these futurs services, For

exarngple, BMW and Pacific Gas and Blectric are using a fleet of

EVs in R and Avista in Spokans, Washington will fuctuate power

delivery to a network of charging stations based on local supply

and demand,

Table 21 Toward a New Business Model

2.F Harnessing Emerging Energy Platforms

Utility industry plavers are in a unigque position to embrace

innovative business modsts acress the Energy Cloud by

embracing business modeds that leverage digital connectivity and
harness the interconneciaed energy platforms described above. In
Navigant's article, “From Gridd to Cloud: A Mebwork of Networks i

» .

Search of an Qrehestraton” a new emerging business model in the

utifity industry is discussed: the network orchestrator Different

than the asset builder, service providern and technology creator,
the network orchestrator has proven to e the most profitable

and scalabis

ASSET BUILDERS »  Existing relationships with customers

+ insights into demand and supply across

Traditional utilities the grid

< Developing networks of partners up and down
the supply chain

= Changing the focus/culture of the utility

Cvartically integrabad,
independent power

producer, municipalitiss)

SERVICE PROVIDERS

Deregulated utilities,
competitive markets,

ratailers

TECHMOLOGY
CREATORS

Solarlity, Tesls,

Sohneider Electric,

athers

NETWORK
GROHESTRATOR

Dlaw - Unknown

Deep understanding of how o integrate DER
solutions into the grid

Understanding of the value streams from DER

Experience developing products and services
for customers
Expearience developing partnerships

Existing relationships with custormers

Experience developing products and services
for custormers

Expearience developing partnerships

Existing relationships with custormers (3crass

muttiple geographies)

Mot constrained by legacy business models,

techneologies, or organiration culturs

organization to one that is innovative,
entreprensurial, and
customer-focused

Adopting new enabling technologies

Developing insight into demand and supply
across the grid

Developing understating of the value streams
from DER

Expanding the network of partnsrs

Adopting new enabiling technologiss

Developing insight into demand and supply
across the grid

Expanding the suite of products and services
provided to customers, including third-party
products and services

Developing understating of the value streams
from DER

Addcpting new enabiling technologis

Developing insight into demand and supply
across the grid

Developing understating of the value streams
from DER

Daeveloping a network of partners

Developing or adopting enabling technologies
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including high-growth ventures like Uben Airbnb, and Spotify,
network orchestrator business models can achisve higher
vatuations relative to their revenue, faster growth, and larger
profit margins, By oreating platforms that participants use to
interact or transact across the nebwork, these companiss may

selt products, bulld relationships, shars advice, give reviews,
collabrorate, and more, Matwork orchestrators will capture
significant valus in the Energy Cloud by tapping existing and naew
grid networks and spectfically talloring electricity supply and

demand services for a custornern utiliby, or grid operator

To date, network orchestrators have not eperated at scale within
the utility industry— physical things do not scale guickly, easily,

or cost-effectively, Howsever, the smergence of the Energy Cloud

means that anyone anywhers can sell energy services inte an

apen market, typically on a forward-looking basis,

As proven many times over, natwork orchastrators are adept
inclustry disruptors. Funding, investors, customers, and talent

will continue to flow toward companies proving capable of

capitalizing on digital networks and platforms. As connected
devices, DER, intelligent buildings, and prosumers proliferate
across the edge of the grid, it is only a matisr of time bafore
an inncvator leveraging ubicquitous digital connectivity, data
aggregation, and information exchangs establishes itself
within the industry. Energy Cloud 2.0 platforms arse primed

for such disruption,
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SECTION I, INDUSTRY TRANSFORMATION
3.1 Clean, Distributed, and intelligent Ensrgy

The emergence of Ensrgy Cloud 2.0 platforms reflects an

accelerating transition toward cleaner, more distribited, and

Figure 3.1 Energy Cloud Transformation
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while rot all clean energy is distributed {2.q., utiliby-scale solar
and wind ensrgy) and not all distributed energy is clean (2.9,
diesel-fusied generator sets), among thess trends, intelligent
ensrgy {or digital transformation’ has the potentiat to be all

SNCOMpassing, permeating all cormers of the grid

The impacts of cizan, distributed, and inteligent energy across
spracific industry dirnsensions are discussed in more detail in the

following sections.,

F1¥ Customers

From DSM to solar PV to smart behind-the-meter devices,
ensrgy custamers have shown growing interest in controlling

their electricity usage and spend, as well as when and what

The slebataovemant

intelligent energy (Figure 2.1, Describing broad paradigm
shifts affecting how power is generated and consumed

withinn the Energy Cloud—a.g., salar FY to distributed storage
to digitization—these trends are alse cutting despsr into
multiple industry dirnensions, custornars, reqgulation and policy,

technoiogy, business maodels, arwd operations,

KEY HNDUSTRY DIMENSHOMS

The rise of onsite generation, storage, and net metering

battles points to a growing percentage of customers
demanding the ability to seifgenerate and seil
power back to the grid,

tvpe of power they buy. The rise of onsite gensration, storage,
and net metering battles points to a growing percentage of
customers demanding the ability to self-generate and sell

power back to the grid
Customer engagement is expected to ba among the most hotly

contested aspects of the Energy Cloud, Over 80% of respondants

to MNavigant's State & Future of Hhe Povwsr (ndustry report jointly
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published with Public Utifities Fortnighitly believe that residential
and commercial customers’ demand for choice and control has

the potential to change moderately (50%) or substantially (33%).
Amarcen, Gocgle, Honda, Walmart, Wheoele Foods, and other

large energy buvers, for example, have increased their focus

on sustainable snergy scoluticons acress ther hullding portfolios,
This, in turn, is forcing new power-purchase agreements with
incurmnbent utilities in order to minimize thelr risk of losing
significant load, The next evolution ts underway, with some (2.g.,
tkea and Apple) regquesting access o whaolesale markets, selling

overcapacity renewables,

The availab:dtity of intelligent data provided through the digital
grid witl drive behavior changes amoeng all customer groups,
Navigant analysis shows that increased awareness of energy
use can add 1.9%-2% energy savings (mesasured through large
populations of participant and nonparticipants via comparisons
of metered data), Higher levels of enargy savings may be
achieved when differing levels of feedback (e, more real-tirme)

are emploved.

For utilities in particulan the challenge will be to meet an

exponentialty growing set of customer chotces and changing

demands while continuing to serve thelr core customesr base,

PN

Creating trust and lovalty in the Energy Cloud will reguire a plug-
and-play and dynamic platform environment that allows customers
the rmeans to achieve their goals (e, cost savings, reliability,

resiience, and sustainability) while remaining a client of the utility.

312 Regulation and Policy

Regulatory and policy trends affecting the utility industry point to
broadening suppaort for clean, distributed, and intelligent energy.
The impact of the United Nations Climate Change Conference
(CCHR2Y, for example, is expected to be significant iny driving
clean energy adoption, Although thers is a Suprermne Court hold
on the Emnvironmental Protection Agency's Clean Power Plan,

stabe govermments, cities, and utilities in the United States are

faking acticns now to be compliant by rolling out widespread
initiatives related to renewalbiles, energy efficiency, DR, and
DER, Meanwhile, sustatnability objectives among global industry

staksholders are more closely aligned than ever before.

Rapid price declines of innovative scluticns and increasing

ofar #VY, coupled

customer adoption of these solutions {

with ambitious policy initiatives, have expossd limitations

in current regulatory modsts, Further accelerating market

restructuring efforts, On one hand, soms reguiatory regimes seek
to protect incumbent utifities by restricting market compstition
within a given markst, On the other, progressive regulations

seek to iberalize market rules o enable innovation toward a

cleansry, opern, and more efficient system. This approach includes
creating room for new market entrants, DER, and new ensrgy

managerment products and services.

PFolicy initiatives are increasingly accepting of regional enerqgy

appreaches (.., energy agreament among Canada-United

States-Mexico, BEurope’s Energy Union, ete) Simultansousty, local
regulation and policy initiatives are driving ambitious carbon

reduction and renewables targets. in emerging smart cities, for

axample, these efforts cutpace global, regional, country, and
state policies, forcing utilities serving progressive population
centsrs and cormrmercial and industrial customers o adapt
innovative business models, products, and services in spite of

miore restrictive regulatory regimes,

in spite of continuing changes to regulatory and policy regimes,

nazarly 50% of respondents to Mavigant's State & Future of

the Power industry survey identified the current regulatory

ervironment as the greatest legacy challenge facing the

industry cver the next decade, To fuii'y‘ realize the bensfits

of emerging opportunities across the Fnergy Cloud, existing

iy spite of continuing changes to regulatory and policy

rexiivies, neardy 505 of respondents to Mavigant’s State &
Future of the Power idustry survey identified the current
regudatory anvironment as the greatest legacy challengs
facing the industry over the next decads

regulatory frameworks will need to continue to evolva, This
inciudes providing financial incentives for reguiated utilities to
make infrastructure and prograrmmatic investments, They must
spcourage innovation and experimentation in electricity pricing

models to incentivize end users to make intelligent energy

choices, Meanwhile, industry participants will nesd to make
the difficult choice bebween influencing or even moving ahead
of regulatory change to capitalize on clean, distributed, and
intelligent energy opportunities or wait until a clearer (supported

and mors predictabie) path can be identified.

1.3 Technology

The volumes of technological innovation and adopiion across

the utitity industry today is ggering. The International Enerqy

Agency forecast in s Madivm-Term Renswalbile Energy Market

Feport 2005 that by 2020, the amount of global slectricity

generation coming from renewable energy will be higher than the
cornbined electricity demand of China, India, and Brazil today.

Asccording to Mavigant Research, 2 TW of cumulative global
DER capacity is exipected to be deploved over the next decade,

comparad to 1 TW of cumulative centralized capacity.
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The proific rise of renewalbles, DER, smart sensors and devices,
and behind-the-meter devices like smart thermostals ars core
components of an emerging clean, distribuied, and intelligent
arid infrastructure, DSM—supported by cormmunications
infrastructure, scound evaluation, measurement, and verification
protocsls, and data analytics—is contributing to a well-
documented decoupling of aconermic and population growth on
one hand and energy demand and revenue on the othern These
frends point to the despaning impact of technolegy innovation
within the utility indusiry.

Figure 3.2 The Energy Cloud innovation Ecosystem

COMMUNICATIONS |
Two-way communications of usage data,

control signals, and device status

DISTRIBUTED
GENERATION
Generation of
electricity frorm |
many sraall energy
sources, including
renewabies; typically

mass-produced

ENERGY STIORAGE

Drevices or physical rsdia
that store energy o parform
useful operations at a later
time, kalance the supply
and demand of energy, and

improve power quality

At the confluence of technology inncovation liss dynamic networks
that combine standalcne technaolos

s to create new products,

¢

services, and valus (2.9, Energy Cloud 2.0 platforms?, This entails
mevineg bevond siloed techrology investrnent and incentive
programs {e.g., solar PV miodeled on build, own, and operated
centralized generation strategiss to hyper-integration {e.g,, solar
s storage phus energy managerment plus DR and, finally,
mlatform orchestration (e, HDERY, as ustrated in Figurs 3.2,

IT, DATA ANALYTICS, AND
MACHINE LEARMIMNG
Software solutions that aggregate

and interpret data to inform systemn

operations, machine {saming

accelerat "SERONSIYENSss

DEMARND-SIDE
MANAGEMENT
Behind-the-meter
sciutions (e, DR,
------ energy efficiency,
efc.} that can
shift toad and

obwviats the need

for infrastructure

investmenis

AGGREGATIOM

Applications or groupings of DER
that operate either connected or
inclependent frorm a traditional
centralized grid (e.g., microgricds,
VRRG, el
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Whitle integrated techncology platforms will accelerats the

shift toward the Energy Cloud, they also reguire a sufficient
level of adoption for thelr benefits to be fully realized. This
ongoing tension will dickate the pace and scals of Energy Cloud

fransformation acress various markels,

3.1.4 Business Models

g tectonic shifts across the industry, one certainty

emergas: vesterday's utilitv-based electricity, volurme, and rats
bci

dynamic grid landscape, Thes

approach will not sustain organizational success in a more

5 have intensified efforts
o develop new businegss models hetter aligned with emerging

rriarket realities

Utilities are increasingly partnering with vendors to adapt

products and services, Emerging platforms like loT offer exciting

e channels that simultaneously deliver grid benefits iike load

contrel, improve customer satisfaction, and unlock new revenue

strearms, Many new business models in the Eneray Cloud are

expected to reflect the anything as a service moded that is

gaining stearn across the broader economy inwhich underused

Table 3.1 DER Business Models

physical products and assels are transformed into services, 11~
enatled transactive energy systerms that can track usage ard bill

for services is what makes thess models possibla,

For urreguiated and non-utilities, the opportunities 1o leverage

innovative business modets are mulliplving. Energy as a service

modets, for example, take a more menu-based appreoach to
meetling the shifting demands of energy customers, offering a
range of potential products and services 1o cater Lo an axpanding

array of customer preferences,

While there is no one-size-fits-all business model appropriate for
all situations and markets, & wail-and-see appreach risks missing
the boat on major eppertunities in a market that is becoming
more apen, competitive, and innovative, Digital transformation
means that both the customer value proposition and earming
revenus from selling electricity will shift considerably, Pay-for-
perfermance contracts, for example, move away from generating
revenus from turning the meter to a mutually profitabis long-
term partnership between the utility and customern For utilities
planning for a transition to DER, there are multiple pathways

under consideration, as shown in Table 21,

integrate, develop, and own DER

angd controfling inhouse

Develop and own DER

interconnecticn

Purchase a trmkey sobution

Utility has DER integration exparrienc

: and has no difficulty with designing, integrating,

DUTCes

titility has the in~house capability to handie permitting, site selection, financing, and

Due to DER-specific knowledge, it may be more economical to have a third party handle

the project development and site preparation tasks

various forms

318 Operations

Twa-way power flows, large volumes of renewables generation,
high penetration of DER, increased number of sensors, smart
devices, and data, and a broader set of energy management
sciuticns to meet customer dermands will necessitate an overhaul
of utility operations. The challenge will be to coordinate a more
complex ecosystern and emerging energy platforms in a way that
improves current grid functicnality and creates new value whils
raintaining a safe, reliable, and affordabile grid, A5 these issues
are sorted cut, the benchmarks for successful grid operations

will increasingly move bevond safs, reliable, and affordable to

emtbrace clean, distributed, and intalligent energy as weil

e o the regulatory environment, utility contracts

arvices from third parties; financed in

DER will need 1o be integrated into ulility cpsrations at several

levels, including long-term IRP, mild-term ensrgy markets as new
resources, and the dav-to-day grid operations (load balancing
and dispatching based on pricing stianals), Pooy integration will
lead to inefficiencies, wasted capacity, oF even worse, poor tong-
ey investiment decisions and stranded assets, At the sams time,
operations must account for greater regionalization of energy
issuss and power flows increasingly crossing national boundaries,

This requires stakeholders to continually calibrate operations

betweean changing focal dermand (e, cities and companies
setting their own carbon reduction and renewables targets) with

an expansion of the grid ecosystem.
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As energy bacomes incraasingly demaocratized, utility incumbents
and new market entrants will need (o personalize products and
services much more so than today, This includes focusing on
increased markel segmentaticon analysis to better targe! and
custormire product and service offerings. From low-income
custorners that want reliabde and affordabde power to tech-

savvy, environmentally conscious residential customers i
commercial and industrial customers that want onsite generation,
energy storags, and 3R, the value of electricity is evolving and

are pecoming maore specific. The opportunities (o

preferend
strengthen the utility-customer relationship with these ensrgy

services witl also lead toward customized and configured

financing and retail pricing options,

Meanwhibe, the utility industry ts collecting more data more
guitckly and accurately—and at @ higher level of resclution than

ever efore, Challenges associated with this include integrating

data across different utility departments with specific obisctives
and ensuring accsssibility to the data, With the investments mads
i meters, sensors, and infrastructure, it is imperative to produce
vafue frorm these investments, and that comes when data streams

are shared and used in a variety of applications within the utility,

3.2 Globs! Shifts

wWhether the march of clean, distributed, and intelligent
energy is characterized as a gradual evolution or wholescale
transformation, the Energy Cloud can be observed across glcbal

markets today, These shifts are disparately felt. Specifically,

the Ensrgy Cloud’s characteristics vary based on local market
conditions: unbundled versus integrated and competitive varsus
maonepotistic markets, developed versus emsrging economy, and

fossit fuel-rich versus renewables dependent state.

Generally speaking, the impact of the Energy Cloud will be felt in

several ways:

+  incdustry boundaries will expand: Anincreasing ramber
of uiilities are operating at a more glohal scale (eq., AES,
Cenirica, Enel, EDF, EOM, Engie, and Mationat Grid, just to
name a few).

+ Barriers to entry will be lowered or eliminated: Stakeholders
across tech, tzlecorm, cable, horme security, retailers, and
heavy manufacturing industries and sectors are targeting
direct engagement copportunities with utility customers,
offering products and services to offer products and manage
censumption behind the metsr

+ Markets will become increasingly competitive and
segmented: Utilities face the difficult choice of protecting
their core business of generation, TED, and supply or
moving into new areas of DER and other bevond-the-meter

opportunities that offer greater value long berm.

¢ Mew distribution channels and services will be creaded:
Tesla/ScolarCity, Apple, Edison Internaticnal, General Electric,
and other industry plavers are creating bundied energy
service proeducts and platforms to meet changing custormnsr
cdemand and choice.

« Brices for aizctricity will fall: In Germany, the United
bingdom, and the United States, the oversupply of renewables

has resulted in pariods in which the wholssale price of

power has dipped into negative territory, With increased

interconnection, more energy storages, DR, and transactive

markets, and geographies,

» Pricing mechanisms will become more complex and diverse:
Chynarnic pricing programs are proliferating, with some
jurisdicticns beginning to palr data and behavioral analyviics,

» Mew products and services will proliferate: The rise of DER

and behind-the-meter energy management systems are

allowing utilities and non-utility stakeholdars to package

bundisd solutions (g.q., energy services) with emsrging

55 modaets (e, microgrid as a servics) as well as

busine

feading to non-regulated opportunities,

Several global examples below Hlustrate differences iy how the

Energy Cloud is evolving across diverse markets.

E.2.1 Europe: Full Speed Ahead

Europe, and mors specifically the Europsan Union (L), has

been at the vanguard of electricity market reform over the

past decads, Focused primarily on decarbonizing the grid

by transforming itself through member states inte a global
renewables leader, the region has been at the forefront of testing
Eneragy Cloud reform through policies that mitigate carbon
erpissions, expand the role of distributed generation, and promots
smart grid intbiatives, Ambitious in its effort 1o standardize

reform across urdgue markets, with the major exception of the
Uniited Kingdom's Brexit referendurn result, reqgulatory and paolicy

momertum have shown no sign of slowing down,

The roarket today is alraost unrecognizable from B vears ago.

Gotng forward, the share of electricity produced from renewables

Furope is exp

ACKO5ES sted to double by 3030, Given the

frdermitbency

of renewables

The market today s almost

and capacity
untecognizsble from 5 yesrs sgo. o ~
imibzalances across

Going forward, the share of electricity member states

produced from renewabiss across the nesd for &
Europe is sxpecied to double by 3030 more dyramic
nebwaork (Le., the
Energy Cloud) s quickly moving from nice-to-have to outright

necessity. Coupled with the EUVs commitment to detivering on
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& new deal for customers, policymakers are focused on setling
the conditicns for a reliable and affordabde ensrgy supply for all
EU citizens and businesses while continuing to support efforts to

miake the region a waorkd leader in renewable energy

in some member states g.g., Denrmark and Germany), more than

5096 of renewable energy capacity is cornmuniby-owned. in other

regions with strong cooperative tradition, promising initiatives

comtinie o emerge, in the Hallan Alps, for example, over 77 existing
]

citizens in 1O small municipalitie

y conprerathves produce renmwalbe electricity for 80,000

ene

i Germnany, the rising trend

of energy conperatives has been growing rapidly within the past
decads, with appreximately 170 municipalities regaining owrership
g 2007

of power gensration and distribution facilities sine

Market changes and reforms are not without their challenges.
Squeezad by the explosive growth of renewabdes and low
whionlesale energy prices, BEurope’s utilities are being forced to
reimsent themselves—and adapt to unrelenting technological
inrovation. Share prices have been in steep declineg, a potential
canary in the Energy Cloud coal mine, Some BEuropean utitities

have retrenched, focusing on cutting costs and divesting

assets, Othears have divested legacy generation business and

are developing new DER businesses (e.g., Engie, Centrica, and
most recently, PWE's expectad initial public offering in October
2006 under the name Innogy ) Cthers are focused on expanding
internationally while diversifying into new, more profitable
markets, With the powsr generation business in steep decling,
one strateqy is shared by all; a foous on offering a portfolio

of energy services, In most cases, this entails substantial bets
on energy efficiency. European utilities are further along than
those in other regions in terms of facing disruption, and their

experiencs will provide important Isssons for giobat markets,

The challenge across EU meraber states is how best to sirike the
balance bebweer centralized market administration and market
tiberalization promoting unfettered competition across the grid
edge, Different strategies are emerging, and many guestions
remain 10 be worked oub with respect to the degree of integration
3., the

issues will provide an

and interconnection versus member state autonomy (&

Brexit debats). The EU's handling of thes

earty test case for managing transition to the Energy Cloudh

3.2.2 Competing Visions: California versus New York

White there may be no cohesive national energy plan at the
federal level in the United States, several individual states
have ermbraced market reform in an effort to embrace clean,
distributed, and intelligent energy, California and Mew York

are two states at the vanguard of the fforts; howevear, their

approaches to increasing reliability, reducing system ernissions,

and empowering customers differ substandiathy,

California intends 1o keep the regulated utilities at the center

of grid managermsnt and glanning. Doubling down on efforts

to move beyond natural gas and increase the share of clean
energy, 2ach of the investor-owned utilities across the stats are
required to submit Distribution Resource Plans to identify optimal
incations for the deployment of distributed resources. The
utilities are responsible for managing thelr svstems and procuring
reseurces where they have the highest value, All activities are

expectad o continue to flow through the utilities,

New York, which is the home of the free market and capitalism,
is atternpting to take a more markel-based approach more in
line with market reform strategies introduced iny Europe, Ever so,
it may lock similar to the California mode! once implemsanted,
The Mew York Public Service Commission (PSCh inttiated the
Paforming the Energy Vision (REV) docket in 2014, The center of

REV is the Distributed System Platform (DSPY, which is an entity

designed to act like a grid smartphons with third parties able

to levarage the platform by developing smart gridd apphications
and selling their services to willing custorners, While this congept
represents a significant shift toward an Energy Cloud future, the
P5C has designated the utilities as the DSP for the foresesable
future, so the evolution to Full market liberalization will be likely

stower than irdtially conceived.

initiatives in California and Maew York offer differing visions,
bub will offer early lessons for other jurisdictions following suit,
Massachusetts, Minnesota, and Washington, RC, for exarmple,

have begun more incremental grid modernization proceedings,

and they will strongly rely on best practices from the California

and New York experiences,

3.2.3 The Emerging Frontiers: Mexico, Canada,
andt Japan

Three markeis—Mexico, Canada, and Japan—represent the
next frontsr of clean, distributed, and intelligent energy
transformation. Like Europe, California, and New York, alt have the

potential o emerge as pionears in an Energy Cloud futurs,

Three markets~Mexico, Canada and Japan—reprezent
the next frantier of clean, distributed, and intelligent

snaray transformation,

Oy danuary 286, 2006, for the first time in Maxico’s history,
slectricity could be sold bebween private partiss without the
state acting as an intermediary, This is the result of 3 years of

legislative and regulatory procesdings, including a constitutional

reforrn in December 2073 that elirninated the state’s monopoly
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of the energy sector, opened access to T systems 1o private
power producers, and oreated an independent operator to run a

whinlesale market.

With the goals of reducing the price of slectricity, promoting

competitiveness, and growth, the reform has twoe prongs, The

first is Mexico's liberalized market, which will be managed by a

new independent entity (CEMACE). This includes the short-term

whaolesale electricity market, The second is the introduction of a
Clean Energy Certificate (CELY market—an slectricity generation
creclit that certifies thal it was produced using clean energy
sources such as wind, solarn biomass, geothermal, and hydro,
CELs will be traded by large consumers and residential
suppliers to prove that a percentags of their electricity comes

from clean sources,

Whitle Maxico’s reform efforts seem to be paying off thus fan
there are still challenges ahead, &AL the end of October 2015, therse
was only one supplisr registerad for both the wholesale and
regulated market; not surprisingly, it was CFE, At the moment,

Mexico lacks the soft infrastructure needed to successfully run

a market, There are few axperianced power traders, a lack of

experience with slectricity consumption patierns, price discovery
that ccours without any historicat referencs, and contracts that

have yeb to be optimized or tested in court,

St Mexico seems (o be laving the groundwork to attract
byvestment in innovative products and services, Most recently,

the country joined the United States and Canada in pladging to

produce BO% of its power by 2025 from hvdropower, wind, sclar,
and nuctear plants, carbon capture and storage, and enargy
efficiency measures, Given the relative size of the industry within
Maexico and the magnituds of the reformes, the opportunity for

energy providers,

sarvice firms,

For s park, the oountry abns to nvest
$146 billion by 2029, with most of that
going toward gengration with natursl

and technology
COTMPSrnies is
significant, For s
gas and renewables, developing part, the country
gas pipsline inbastructure, and

strengthening the distribution system,

atmns (o invest
5146 billion by
2029, with most
of that going toward generation with natural gas and renewables,
cdeveloping gas pipeling infrastructure, and strengthening the

clistribrution system.

Like Mexico, Canada sits atop a trove of clean ensrgy potential

fram coast to ooast, but has vet to cash in on its potential as a

global leader in the trade of renewable products and services.
While other major economies, including Germany, CThing, and
the United States, have tapped into a giobal renewabiss market

expected to achipse $1 trithion in tragde by 2020, Canada’s share

remains less than 1% of this giobal total, A recently signed
trilateral energy and clirmate plan among Canada, the United
States, and Mexico signals a cornmmitrment under Prime Minister
Justin Trudsau's governmant to capitalize on the country’s
potantial as an exporter of clean energy technology as well as to
strengthen clean, distributed, and intelligent energy innovation
domesticatly, Along with the United States, Mexico's and
Canada’s commibtments could propel North America forward as

an Ensrgy Cloud pionaser ghobatly,

Japan, meanwhile, has launched its own ambitious effort o

iberalize power markets and tap into the transactive potential
of the Ensrgy Cloud, Is recent market reform remaoves power
utitities” monopoly over slectricily across the country, An
sstimated 260 companies are now selling electricity in Japan’s
$70 bitlion (and growing’ retail market, putiing customers in the

driver's seat in choosing thelr power supplv

Unider these market changes, Japanese consumers are able
to buy slectricity from suppliers ranging from telecoms
congiomerate Softbank and trading firrn Marubeni (o travel
agency H.LS and a Hokkaido-based supermarkst cooperative

that has branched out into solar parks, Compantes such as railway

aperator Tokyu Corp. and Mitsubishi, which is joining forces

with Japan's second-biggest conveniancs store chain opearator,
Lawson, are linking power sales to Internet and cable TV services.
A% an example of expanding bevond the provision of ensrqy,
they are also offering point prograrms and even free recipes,
which are services popular amaong cooking buffs in Japan. Taking
this model a step further, the Virtual Power Plant Experimental
PFroject initiative launched by 14 Japanesse companies subsidized
by the government aims at establishing a VPP that bundles end-

rid (e, 10T).

3

use denvices scatiered across the power

3.3 The Energy Cloud: Tomoreow

For those able to weathsr disruption at the hands of clean,
distributed, and intelligent energy trends, the Energy Cloud will
give rise to many new opporturities. By sitting on the sidelines
during this transformation, industry incumbents risk ceding

triflions iy new ravenue to both non-utitity players and new

industry entrants,

Currenthy, many of the most powerful and consumer-savyy
companies in the world are lining up to put the traditional electric
utitity out of business, Google (and parent Alphabel), Apple,

Amazon, Oracle, and Microsoft are already staking out positions

across the energy value chain in many cases, thess companies

are targeling opportunities to source renewable energy as well

a3 laverage strong relationships with consumers in, around, and

behind the meter by offering innovative solutions for smart

homes, o7, and other digitally enabled platforms.
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Telecomrnunications companies like Verizon, Ericsson, and others
are well-positioned 1o connect customers across the expanding
internet of Energy ecosysterm, Their experience navigating
rmassive disruption in thelr own industiry will be an advantage.
Security firrms, oif & gas companies, and cther diverse plavers are

leveraging domain expertise to capitalize on opportunities across

esting in renewalbles,
storage, building energy management solutions, combined heat
and power, and microgrid as a service offerings.

.51 industry Convergencs Meets
Boundary Expansion

As competition intensifies and the Energy Cloud matures,
traditional grid boundaries are expectsd to sxpand Figure 3.5}
This will include digitally linking networks of hardware, software,
and stakeholders at the built environment and community levsls
{nano and micro), as well as linking power networks that extend
acrass geegraphic regions and bevond traditional nation-state
boundaries (supern),

Figure 3.3 industry Convergence Meets Srid Boundary Expansion

Adthough the Energy Cloud will be assoctated with a significant

shift toward DER and democratized powsy, traditional grid

but tess prominent than what is seen today. The emergence of

the Energy Cloud means that centralized generation’s reat and

tocational value will shift,

Across Europe in particularn dispersed DER are often aggregated
as ViPs, Composed of distributed solar PV wind turbsines,
backup generator sets, micro-combined heat and power, and DR

collactively managed by @ central control entity, thess intelligent

assels are baginning to fleld test next-generation energy
ranagement systerns that combine robust data models to bricdgs
anergy resources on the one hand and energy markets on the
other, VPPs demonstrate the potential of the Energy Cloud (o
sirriltaneously deliver value to a range of stakeholders, including
energy consumers (e.g., lower costs and new revernue streamss,
utilities (e, avoidance of capital invesiments in grid infrastructure
or peaking powsr plants), and transmission grid operators (e.q.,

reguiation ancillary services such as spinning reserves).

Al the other end of the spactrum, supergrids link grid networks

and assets across natienal boundaries, These include domestic
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interconnection {e.q., the Atlantic Interconnection’ as well as
internaticnal interconnection (g.¢g., the Asian Supergrid) systems
that utilize technologias that transmil electricity at high voltages

eat distances more efficiently. Such technologies also

integrate dispersed renewalbiles intce the powser supply. When

internaticnatl interconnaction is combined with economic market

coupling using power exchanges, electricity becomes a tradalbls
commodity that can be both imported or exported,

Table 2.2 Global Supergrid Proposals

Asia and Furope are two of the most ikely locations for the
world's first internationat supergrids to take root, Most recenthy,
a memorandum of understanding arnong China, Japan, South
Korea, arnd Russia committed to feasibility studies for the

development of an Astan Supergrid that could aliow for the
aptimization of electricity, including power sourced from
renewabies, across the MNortheast region of the continent, Other

proposals are Hsted in Table 3.2,

Desertec Mediterranean, Hermany
Meddgrid Morth Africa, Europe

China's Supergrid

Gobitec

SE Ssian Supsrgrid

China

Chine, Japan, Scuth Forea, Russia

Auvstralia, indonesia, Philippines, Malaysia, China

Asia Supergrid

Nordic Grid

Morth Seg Offshore Grid

icebink

Brazitian Supergrid Brrani

Attantic Wind Connection Fastern Uinited States

F3.2 The Ensegy Clouwd Qperating System

The smart grid evolution unfolding today will fay the foundation
for an Energy Cloud cpsrating system that integrates nanogrid,
rricrogrich, and supergrid boundary distributions. This operating
systern will integrate ubiquitous digital connectivity, distributed
networks, and sophisticated analyvtics into a fully self-organized
network, propelied by date and distributed transactions across
the grich Whils kilowatt-hours were the gperational currency of
utilities in the 20th century, one could argus that data will be the

oparational currency wikhin the Fnergy Cloud,

Litilities today are just scratching at the surface when it comes o
harnessing data, The past decade has seen a rapid proliferation of
srart devices acress the entire network, from centralized power

plants and wind farms all the way to the consumers of electricity

China, Japan, Korea, Mongolia, and Russia

Northern Europs, Maintand Burope, Russia

Northern and Baltic Sea, Europe, Russia

lceland, United Kingdom, Mainland Europe

in homes and businessas, Usad widely in other industriss, these
distributed devices leverags computer-based remote control
and automation, made possible by two-way communications

technologies and computer processing.

Sophisticated data analvtics will lay the foundation for a fully
autonomous, self-healing grid integrating the full capabilities of
AF and cyber-physical systems (ag, 10T, self-driving £Vs, and the
smart grid). An Ensrgy Cloud scosystern fully leveraging these
innovations inte a neural eperating system would render today's

arid operations mostly obsolete,

This futurs

controd utitity moedst on its head, While a radical concept, the

profiferation of DER, digitization across the grid scosystemn, and

rise of secial networks are a potential harbinger of this future
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state, There is ample precedent for the operation of such a
network delivering significant benefits, including improved safety,
refiability, and sustainability, Self-crganization among lower-

level compaonents—in this case, individual customers, things, and
infrastructure—can mimic bhiological systems like ant colonies

and bee colonies that collectively behave in the interest of the

entire population. In Self-Organizing Systermns, Scott Camazins

describes selforganization as, “Physical and biological systams in
which pattsrn and structure at the global level arises solely from
interactions among the lower-lavel components of the system.

The rutes specifving interactions among the systemy’s components

are exscuied using only local information, without reference to

the giobal pattern.”

Although profoundly destabilizing to the industry, this bottorn-
up structure has the potential to deliver safer, more reliable,

affordable, and cleaner powsr by oplimizing resources across the

network in real-time white eliminating many of the inefficiencies
associated with human-machine intervention or long-distancs
transport of electricity. Again, the proliferaticn of data across the
arid and harnsssing of thess streams into acticnable intelligence

is a crucial prereguisite 1o a fully cpsrmtional neural grid.
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SECTION 4, THE ENERGY CLOUD
PLAYEOORK

4.7 The New SAID

While notb all strategic pathways o navigate the Energy

Cloud transformation will be appropriate (or even successiul)

for all players across alt markets, those that acknowledge

the complexity of the challenge ahsad will alreasdty have an
advantage, Facing unprecadented industry transformation,
including an incraasingly compeatitive business snvironmaent, the
profiferation of mass-produced technologies with ever shorter
ifecyeles, and widespread digitization, utilities must rethink many

of the assumptions that have anchored strategic planning to

date, For non-~utility stakehclders, navigating the Energy Cloud
will reguire maintaining a firm grasp of requlatery change and
industry trends as well as leveraging technology innovation to

deliver innovative services,

Remaining competitive begins with a commitrment to plaving
both defense and offense. This erdails industry participants being
proactive in an evelving markst, Figure 4.1 outlines a framework
for approaching strategic planning within an industry facing
historic transformation, cutlining five steps industry participants
should follow to prepars their organizations to manewver around
disruption and capture value in the Energy Cloud,

Figure 4.1 The Energy Cloud Playvbook (the MNew SAIDM)

Energy Cloud plan,

Asgsess how the Br

for expansion,

innovate relentlessly across the organization,

4.5.7 Sponsor a Team

The ability to collaborate and develop innovative solutions drawing

from cross-disciplinary expertise will be a key differentiator among

those organizations that prove to be rmost adept at navigating
Erergy Cloud transformation. Accordingly, executive feadership
should ernbrace the challenges and opportunities of the Energy
Cloud as part of their organization’s strategic planning, This starks
by assigning a cross-functional team 1o assess the need (o hone
their understanding of the likely business environment in which
they operate todayv—as well as 5, 10, and sven 25 vears into the

future, Drawing from various disciplines and perspectives across

oy Cloud bs evolving acr

Sponsor a cross-functional team that will spearhead a strategy with a view toward a robust, integrated

s markets in which the utility operates or has targsted

identify inefficiencies in the organization’s current value chain and business models,

Develop more efficient and cost-effective solutions.

N anhravistion for Systarn sver

the organization will help it move past siloed thinking and lay the
foundation for maore holistic planning.

4,12 A55058 the Market

Markets evolve at different rates and along diverse pathways,

The same is true for the Fnergy Cloud's evolution across different
regions, countries, and states, In order to assess the current
market in which stakeholders operate, evaluating the intersection
of clean, distributed, and intelligent ensrgy trends across industry
dimensions allows for an assessment of 1% potential tipping

poinks (Figure 4,23,
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Figure 4.2 The Energy Cloud Matrix (Hustrative)

= wreeen

Customers

Business Models

Rise of Community
Choice Agaregation
Carbon free energy

Sustainakility

Clean Power Plan (U5
20-30-20 (EU)

Paris Accord

Utilitv-scale renewalsles
Green pricing

Community aggregation

Lititity -scale renewables
Cistributed renewables

inteligent devices

Oparations < Renewables integration «

«  Transmission upgrades «

«  Load balancing *

Self-generation/storage +  Accessibility/condret
Security/retiahility +  Transactive energy
Cost savings « Digital communication
Setf-generation + Grd modernization
incentives ¢+ Standardivation
Net energy meiering + Brearl meder targeds
Faad-in tariffs
DER b, own, and s Network Orchestrator
aperate s Nariable rate design
Energy services s Smart grid as a service
Microgridd as a service
DER « T dats Analviics
ol VAR + Acivanced mietenng
Microgrids * nfractrictire

- Blackehain
Agaregalion + AT/OT comvergence
Twwe-way powsr Fow + Customer engagement
Asset management s Cylbersecurity

Whitle anticipating the scate and velocity—not to mention the

likelihood—of disruption can e challenging, Energy Cloud

maturity transformation can e assessed within a market by
asking specific questions related Lo ntersections across the

Energy Cloud Matri:

«  Slean--Customers: What are the prevailing views of customers

within a particular jurisdiction around the value of renewables?

o Distributed—~Regulation and Policy: How are DER solutions
incentivized under the regulations and policies within a
particular jurisdiction?

+ imtslligent-Technoiogy: What machine-learning innovations

have the potential to affect the utility industry?

This analysis vields a textured view of Energy Cloud transformation
within rmarkets in which industry stakeholders are currently

opsrating or plan 1o target through expansion or acguisition.

o

Once current markst conditions ars assessed, a scenario
anabysis can help identify future pathways of Energy Cloud
evoiution in order o guide strategic planning efforts, Ranging
from conssrvative to agaressive transformation, Ensrgy Cloud
scenarins {Figure 4.3) paint thres varving degraes of industry
evoiution. By identifying the scenariofs) most appropriate

for their core o target market(sy today and in the future,

utilities can evaluate strategic priorities 1o best position for

ong-Term suce

» Conservative: This scenaric describees a future grid with
minimal penstration of clean, distributed, and inteliigent
erprgy {8 minimurn of tipeing points triggered in the Energy
Cloud matrid). The Energy Cloud does not materialize in a
substantial way and many of the trends described today have

fittle to moderate impact on grid development.
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«  Moderate: This scenaric describaes an emerging Energy
Cloud with moderate penetration of clean, distributed, arud
intelligent energy disrupting traditionat value streams. Digital

transformation is expectad to be minimal {o moderate,

Figure 4.3

«  Aggressive: This scenaric describes & maturs Energy Cloud
in which widespread comsergencs of clean, distributed, and
intelligent energy cccurs across all five industry dimensions
(custemers, regulation and policy, technology, business
rriodels, and operations). Under an aggrassive scenario, a
rmajority of tipping points across the Energy Cloud matrix

waondld be triggered,

Energy Cloud Scenario Revenue Gengration (Est.) by Value Chain Segment, World Markets: 2030

GEMNERATION

Under the moderate and aggressive scenarios, new industry

vahie (and revenue) will be created through imestment in new

infrastructure, products, and services acress the valus chain,

This includes revenue streams that do not exist today or are the

result of augmenting existing services, likely built upon emerging

technctogy platforms described in Section 2,20 1DER, {oT, smart

cittes, transactive energy, £te, These investments ars expected to

have a measurable impact on alt phases of the value chain under

both the moderate and aggressive scenarios, resulting in a shift

of industry value downstream toward the retall segment.,

Fach scenario is described in more detail below, However, the
pritnary focus of this section is on the specific, transformative

changes undsr an aggressive (Energy Cloud? scenario,

4521 Conservative Scenario (Business as Usual}

Under a conservative scenan, indusiry revernue generation is

expected to reach at least $4.7 trillion by 2030, growing at a

RETAIL  VALUE

£4.7 tr

5.0 tr

$6.0 tr

compound annual growth rate (CAGR)Y of 5% between 2018 and
2030 Revenue gllocation across the electric value chain remains

rrostly similar to existing percentages (gg., genaration accounts

for nearty two-thirds of cost and revenue recovery).

Trachitional forms of baseload gensration tend to lead in markats
reflecting a conservalive scenario, with natural gas replacing
soime coal and moderate uptaks of utility-scale renewables and
DER penetration. Smart grid digitization efforts are expscted to

parmeate nearky all phases of grid operations; however, the focus

s primarily on improving utility efficiency. Furthermore, a lack of
standardization and harmoenization of rules for operation impedes
efforts to capitalize on i1 and data analytics innovation, Minirum
investiments in digital innovation occur incumbent utilities are
expected o control a sizeable percentage of the value chain
within these markets and successfully overcome threats to

market share from third-party market entrants,
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4.3.2.2 Moderate Scenario (Grid Reform)

Under a moderate scenario, industry revenus generation s

of 5.6% bebween 2018 and 2030, Bevenue allocation across

the electric value chain shifts downstrearn on a limited basis,
Generation and retail account for roughly an egual share of cost
and revenus recovery, with a conservative feved of additional

revenue atiributed o digitally enabled products and services,

Coal is likely 1o be phassd out aggressively, with utility-scale

solar, wind, natural gas, and nuclear fithing much of the baseload
void, Adding te the mix, DER uptake s expected 10 be strong
with greater synchronization of technologies integrated inte

the grid. Grid operations are more integrated, supporting

individuatized producks and services, and are enhanced by

advanced controls (ncluding behind the rmeter) and analytics.
Actack of harmonization of standards and protocols prevent
autonomaous grid cperation; however, isolated progress is mads
territory-to-territory, Investments in digital innovation are
rriinimal, but they affect all phases of the value chain. Utilities
are likely to becoms moderately mors specialived under this

. . . . . .
scenario, focusing predominately on infrastructure, services, and/

or grid operations.

4.7.2.3 Aggressive Scenario (Energy Cloudy

Under an aggressive soenarie, industry revenue generation is
expected to reach nearly $8 trillion by 2030, growing at a CAGR

30, Revenue allocation

of nearly 6.6% betwesn 2016 and 2
across the electric value chain shifts sigrificantly downstream
toward the customern where the current value atlocation of
generation and retail cost and revenue effectively swap (.=,
customer acguisition costs and revenue represents more than

50% of total revenue generation), In fact, the traditionat energy

valus chain begins to disintermediate to a great extent, enabling

mew rmarket entrants at all levels. Dhgitally enabled clean,
clistributed, and intelligent innovations are expectad to drive $1
sritlion-%$1.5 triffion in additional industry revenue above the BALU

scenario through the creation of new products and services,

Utility-scale and distributed renewables account for S0%-100%
of new gensration, DER uptake is accelerated, driven i part

by rotuust markst demand and prosumer engagement. Grid
operations are fully integrated and autonomaous, and grid devices
and networks are self-organizing and s=if-healing. investments

i cigital innovation accelerats, affecting all phases of the value
chain, tilities may own traditional assets like poles and wires,

but this infrastructure largaly serves as a loss lsader for mors

2ssive scenario teday, no case

&5 are provided

The Wait-and-See Utility

One exarnple Bty i a stals representative of buisiness-
as-usual (BAUS soengrio stayed the coigse on generation
assels and dragged its foet an Al investimenta Howeves,
disappainting load growth trajectory and federsl regulations
targeting foss generation of late have begun undermining
long-standing assuraptions, tausing management to
reovaluate priceities. This indudss surveving DER
opportunities and contemplating shifting investments
toward distribulion assets and services. The guestion

remaing whether these efforts will be boge little, oo late

The Progctive UHHLy

Autihty operating iwhat roany would characierize as a
arid reform siate with agoregsive renewable and disirihuisd
pahcies has taler an Ensrgy Cloud mindset, Anticipating a
mare nebworked grid, it has Degun developing new services—
irtegating BV chargh with DR, offenng bring-youg-owne
dendes programs o customers, sic 1o serve an integrated,
plug-and-play electraty system that i€ belleves will enharee
the vatue of budividual assets aoross e netweark With the
goal of shifling away frorn the patepaer mosiel this ubility

is Inking steps o provide customers maximum Hesibdlity
and chotee in how they use eneray i order to maxdimize
value across the networkl To accomplish thie tae utility

thas proactively built collaborative partnerships with

technology providers,

vatuable services like enabling and facilitating transactions
petwesn and among market actors across the platforms (ie,,

transactive energy).

4.1.3 identify inefficiencies

Mg described above, the aggressive scenario will be the most
disruptive to the traditional utility value chairn, While reguiation
can provide protection from disruptive frends, i can also stifle
innovation, which will be a challenge particularly for utilities
going forward. The obligation o serve--ie., provide safe,

affordabls, and reliable power—and earn an acceplable rate of
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Rids provides stability for an industry deeply dependent on

ss to credit; however, it alse can promote a culture of risk

gyonidance, In such an envirenment, inherent insfficiencies can
be built up and insulated over tme, leaving aspects of the value

chain partcuarly vulnerable to disruptive threats,

Anticipating disruption starts with evaluating inefficiencies
across the utility value chain, Do customers feel they pay (oo
much for services, and woidd they opt for a third-party solution?
Are distribution assets fully optimized and could the organiration
save maoney by investing in data analytics? With the goal of
pricritizing investments that shore up weaker or underperforming
areas of the business white also positioning for new growth,

a focus on inefficiencies is an effective way for industry

!

Cloud matures,

stakeholders to play both defense and offense as the Energy

The following examples ustrate how cnce stable incumbent
saiuticns and revenue models exposed (o disruptive triggers
ke regulatory and policy shifts, changing market demand,
and accelerating technological innovation have succumibed to

cisruptive alternatives:

«  Coeal power disrupted by utility-scale renewables (wind/solan

and natural gas due to carbon mitigation regulations, market

demand for clean energy and (more recently) cost

o Centralized generation disrupted by DER due to supportive
policies and incantives distributed generation, market demand
for behind-the-metar products, technological innovation, and
the cost decling of BER technologies,

+ Dernand growth (e, revenue growth) disrupted by DSM due o

supportive policies and incentives for energy efficdency and DR,

energy efficiency standards, increased customer awareness of

programs, and technologicat innovation (g, LEDs),

Some have charactarized the eroding profitability of utilities due

o these disruptive forces as a death spival, This is the doomsday

clisruption Hself can feet abstract at the start, and then arrive

suddenty—leaving incumbents grasping for market relevance,

Defending against disruptive innovation requires identifving
those processes or services that can be replaced by, or
outsourced to, more cost-effective digitally enabled alternatives,

within

eholders looking to establish or grow market shars

the power industry, these opportunities could very well provids a
kv

Jespite vuinerabilities across

chhead for additional servioes,

are stgnificant,

Deapite vulnevabilities acrass the value chaln, nearly svery

inddustry degends on power and the ppporunities to bulld
walue gnd thrive within the Eneray Cloud are significant,

4.1 Dovelop More Competitive Bolutions

Sipce value is shifting significantly downstream, it is oritical to
develop more efficient and cost-affective solutions 1o optimize
the current business, At the same time, stakeholdsrs must create
investment space for new business models, products, services,

and technologies,

With some exceptions, utiities have generally not besn grantad
much fledibility to assume significant risk when imvesting in
smerging tachnologies. As with any such investmsnt, the
risk-raward calculus is impaortant. For physical assets, there is
considerable valus in being the second mover or follower, But
in the era of the Energy Cloud, where digital platforms have
the potential (o scale rapidly, atecomers could risk missing

the cpportunity to build & strategic advantage across a rapidly
evobving market,

Rernaining compatitive will mean embr o & clean, distributed,

ard intetigent energy fulure, Maximizing all three dimensicns will
help meet demands from energy consumers, for whom reliability,

affordability, and sustainability are increasingly priority issuss,

This starts with balancing the need for strategies specific to

s well as

individual trends-—clean, distributed, and intslligent—a
an understanding of the intersections and depsndencies

across all three,

For sxampls, to maximire potential return, stakeholder responses
shouwld approach distributed renewables with an eye toward the

s aifedd

generation. The integration of advanced sensors, 11, and data

anatytics should also e considered to optimize the performances

of the asset and its financial viability

Examples of specific attributes of a holistic clean, distributed, and

intetligent approach are cuthned in Figure 4.4,
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Figure 4.4 The Clean, Distributed, and Intelligent Utility

Embracing this triad will position stakeholders for long-term

success in the Energy Cloud. Increasingly, energy and services
and intelligent as differentiators in the ra‘mrkei‘plsﬂ.‘,e.

For utilities deepening thelr investment in emerging solutions,
oppertunities abound, With sobutions profiferating across the
value stream, utilities can protect upstrearn value while also
creating new value downstrearn, especiatly on the customer side
of the meter. DER presents a golden opportunity For utilities

and noen-utilities to develop and capitalize on new sohitions, The
blueprint presented in Figure 4.5 provides & tactical approach for

utifities to caplbure new value in this space,

4.3.8 innovate Refentiessly

Firally, the Ensrgy Cloud Plavhook calls for strategic planning
o embrace an agile mindset, Focused on two obijectivas—
accelerating the time to markel readiness and reliably producing
Righ-quality resuits—agile inncevation is designed to be highly
iterative, enabling rapid adaptation to unfarniliar and turbulent
envirorments, Sirnilarly, and perhaps most challenging for

utilities, strategic planning must ambrace the ability to fail fast,

early, and often to keep pace with the rate of technology change,
Many initiatives are bound Lo fall, or even worse, return just
enough 1o sustain interest and tie up resources for several years

bafore finally flarming out

=

\\\\
\\\

shape and prune DER pf_:rtff.uhas, ambrace the rise of the d;gltai
prosumer, and capitalize aggressively on platform opportunities
for bundied solutions. To do so effectively, utilities must begin
transforming their operations and business models today by
sirnuitanesusly pursuing risk mitigation capabilities and making
told bets on potentially high-growth product offerings.

Sitting on the precipice of profound industry chanage, utilities that
embrace holistic planning while remaining fiexibie are likely to

e the most successhul at preserving and growing reverue as the

Erergy Cloud matures,

4.2 Conclusions and Recommendations

it is now widely acknowledged that unprecedented
transformation within the power industry is underway, From
claan, distributed, and intelligent energy transformation to
emerging technology platforms, the opportunities for new
arowth are presenting themselves today, i this fast evoelving
fnergy Cloud, stakeholders must move guickly and be prepared

to navigats an increasingly mullivariable landscape.

Many of these opportunities are not yeb known, Mots that when

the power grid first ermerged in the 1870s, it tock 20 vears for
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Figure 4.5 iDER and the Ensrgy Cloud Playbook

ENERGY CLOUD PLAYBOOK ELEMENTS

=

_

factories to move from powering their shop floors to realizing
productivity gains by optimiring their machinery to take

maxirmum advaniage of access to electric power, Once these

changes weare integrated into the fabiric of the factory operaticns,

productivily gains grew exponentially. in other words, it can take

time to fully realize the full scope of opportunities enabled by
inpovation While intelligent energy i3 gaining traction today,
oppertunities for exponential growth bullt upon DER or industry

cigitization efforts, For exampls, have vet to be fully expioitad,

Positioning for sustained growth in the Energy Cloud will
necessitate a lane shift among industry participants, For
sorme, this shift will be the result of strategic planning efforis.
For others, a shift wilt be forced by industry svolution dus

to Ructuating regulation and policy, market demand, and

techncoiogy innovation.

The following takeaways will define organizational success in

the Energy Cloud:

Remain preactive in pursuing new business models,
services, and offerings regardless of challenges and many
unknowns, Thers are no silver bullst business medsls that can
raap outsized rewards for all plavers i all market, Howsver,
embracing change and targsting cpportunities across

an increasingly clean, distributed, and intelligent ensrgy
landscape will enable stakeholders to position for
competitive advantags.

Ensure netvwork facilitation is the long-term focus of svery
strategy to maxirnize potential revenue returns in the Energy
Cloud, One-off technologies will not sustain growth in the
Energy Cloud; instead, stakeholders must be prepared o
integrate networks of assets, customers, strategic partners,

and enabiing technologiss to deliver augmented value,

Buildd a cuiture of agile innovation and Hexdbility. In the
evelving Energy Cloud ecosysiam, there will be numercus
technology paths for industry participants to puraus, marny
of which lay beyond stakeholders’ collactive purview foday.
Currently, many utilitizs are svaluating and making initial
trnvestments in network orchestrator roles, including areas
fike VP Ps, building energy managament systems, micregrids,
ensrgy storage, and others, But these areas are just the
beginring in an environmeant where the pace of innovation

continues o accelerats,
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SECTION 5, SCOPE OF STUDY

Mavigant has prepe as the next installment

ad this white paps

in s Fnergy Cloud thought leadership series DG

Clowd, published April 2018). The focus of this paper is to provide

kS

current and interested stakeholders at all levels of the electrical
grid-—-inchuding utilities, regulators, technology suppliers, service
providers, investors, and policymakers—with an overview of

the opportunities and challenges offered by the shift toward
clean, distributed, and intelligent energy. Exaraples of significant
market and technology developrments, an overview of incdustry
transformation, and a blueprint to guide strategic planning
efforts are providad, Note that the report does not aim to offer

exhatistive ass

ssments of industry transformation. Such analvses
are discussed i more detall in Navigant Research’s in~depth

markst and technology reports,

SOURCED AND METHODOLOGY

Navigant Research’s industry analysts utilize a variety of

research sources in preparing Research Reports, The ke

Y
component of Mavigant Research’s analysis is primary research
gained from phone and in-person interviews with industry lesaders

including exacutives

sngineers, and marketing professionals.
Analysts are diligent in ensuring that they speak with
representatives from every part of the valie chain, including but
not lirmtted to technology companies, utilities and other service
providers, industry associations, governrent agencies, and the

nvestmend comrmunily.

Additional analbysis includes secondary research conducted

by HNavigant Research's analvsis and its staff of ressarch

agsistants, Where applicable, all secondary research sources are

appropriately cited within this report,

These primary and secondary research sources, combined with
thie analyvst's industry expertise, are synthesized into the qualitative
ard quaniitative analysis presented in Navigant Research's
repaorts, Great care is taken in making sure that all analysis is
wall-supported by facts, but where the facts are unknown and
assumiptions must be made, analbysts docurnent their assumptions
and are prepared o explain their methodology, both within the

rody of a report and in direct conversations with clients,

Navigant Research is a market research group whaoss goal is

to present an objsctive, unbiased view of market cpportunities
within its coverage areas. Navigant Research is not beholden o
any special interests and is thus able to offer clearn actionabile
advice to help clients succead it the industry, unfettered by
tachnology hyps, political agendas, or emotional factors that

are inhersnt in cleantech markets.

MOTES

CAGR refers to compound averags annual growth rate, using

the formula:

CAGR = (End Year Value + Start Year Valuei(1/stepsy ~ L

CAGRs presented in the tables are for the entire timeframe in the
title, Where data for fewer vears are given, the CAGR is for the
range presented. Whers relevant, CAGRs for shorter timeframes

may ke given as well

Figures are bassed on the best estimates available at the time

of caloulation, Annual revenues, shipments, and sales are base
an enc-of-yvear figures uniass otherwise noted. All values are
expressed iny vear 2016 US doliars unless otherwise noted,

Percentages may not add up to 100 due to rounding.
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